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(567)  ltis an object to develop a roof structure having
a high water interception, being safe from leaking of rain,
and ensuring a certain level of mounting strength even
in breaking of one piece of roof members.

Solar cellmodules (10) are mounted on a fundamen-
tal roof structure (3) with slate tiles (roof member) (2) via
eaves-side mounting brackets (eaves-side clamps) (5)
and intermediate mounting brackets (clamps) (6). The
intermediate mounting brackets (6) each are attached to
an end portion of a "specific roof member" so that a lower
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plate (72) is positioned between the "specific roof mem-
ber" and an "underlying roof member". The lower plate
(72) is fixed by a screw or the like driven in a hole (100).
The "specific roof member" is arranged over the "under-
lying roof member" in which the screw is driven, thereby
protecting an attaching hole (12) from rainwater seepage.
An upper plate 73 overlaps the "specific roof member"
with a fastening element (117, 118, 119) driven in the
attaching hole (12). An "overlying roof member" is ar-
ranged over the "specific roof member", thereby also pro-
tecting the attaching hole (12) from rainwater seepage.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a roof structure
on which solar cell modules are arranged. The present
invention also relates to a clamp used for achieving said
roof structure and a method for mounting a solar cell mod-
ule on a roof.

BACKGROUND ART

[0002] A solar cell module is formed by integrating so-
lar cell panels and miscellaneous accessories such as
terminals and generates electricity upon receipt of sun-
light.

Recently, an increasing number of homes have em-
ployed a photovoltaic system with solar cell modules ar-
ranged on their house roofs for covering electricity con-
sumed at the houses by electricity generated by the solar
cell modules.

A means to mount solar cell modules on a house roof
includes a structure in which solar cell modules function-
ing as roof tiles (roof members) are arranged on a roof
base and a structure in which solar cell modules are fur-
ther arranged on a roof with slates or the like.

[0003] The latter structure, disclosed in the patent doc-
ument 1 specified below for example, is a roof structure
in which solar cell modules are mounted by mounting
brackets attached to the known slate roof Specifically, a
slanted form of a roof is made by woods and other ma-
terials and undergoes procedures such as boarding and
attaching of a waterproof sheet, and whereby a roof base
structure is formed. On the roof base, slate tiles are ar-
ranged in a planar fashion. More specifically, slate tiles
are arranged on the roof base in a row to form a plurality
of rows with a part overlapped with their adjacent roof
members and the remaining part exposed. Thus, the
slate tiles are arranged outspread planarly like fish’'s
scales.

Then, holes are drilled in the slate tiles, on which mount-
ing brackets are screwed.

In the roof structure disclosed in the patent document 1,
slate tiles are arranged on a roof base firstly, and then
screws or nails are driven in mounting brackets with at-
tached to the slate tiles. At this time, the screws or nails
are drivenin a boarding of the base through the mounting
brackets, the slate tiles, and the waterproof sheet, there-
by securing the mounting brackets to the slate tiles.
Thereafter, solar cell modules are screwed to the mount-
ing brackets.

[0004] The mounting brackets disclosed in the patent
document 1 each include an upper plate and a lower
plate, which define a receptacle therebetween. The up-
per plate and the lower plate each have two holes formed
at the same positions in a height direction respectively.
When the mounting brackets disclosed in the patent doc-
ument 1 each are mounted on a roof, a slate tile of the
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existing roof is fitted in the receptacle of the mounting
bracket.

More specifically, the lower plate is inserted in between
a specific slate tile and a tile underlying the specific slate
tile so that the upper plate is arranged on the specific
slate tile.

[0005] Then, two holes are drilled in the slate tile
through the two holes having been formed in the upper
plate. As described above, the lower plate has the two
holes at the same positions in a height direction as those
of the upper plate, so that two prepared holes are drilled
from the upper plate through the slate tile and the lower
plate until reaching the roof base.

The mounting bracket is secured by driving the screws
or nails in the two prepared holes.

PATENT DOCUMENT
[0006]
[Patent Document 1] Japanese Patent No. 3609298
DISCLOSURE OF INVENTION
TECHNICAL PROBLEM

[0007] Theroofstructureinthe known arthas concerns
over leaking of rain. Specifically, the known roof (roof
without solar cell modules) is waterproof by slate tiles
and is prevented from leaking of rain doubly by a water-
proof sheet further arranged underneath the tiles. Thus,
if the slate tiles have a crack, the waterproof sheet on
the roof base keeps back rain water inside.

The roof structure in the known art, disclosed in the patent
document 1, relies exclusively on slate tiles and a water-
proof sheet for a waterproof property.

[0008] However, in the roof structure in the known art,
disclosed in the patent document 1, existing slate tiles
are drilled, which might make holes not only in the slate
tiles but also in the waterproof sheet of the roof base. In
some cases, holes might penetrate into the board of the
base.

Besides, in the roof structure disclosed in the patent doc-
ument 1, since there exist gaps between the solar cell
modules and the slate tiles, rain water getting through
the gaps flows on the slate tiles underneath the solar cell
modules and seeps into the building through the holes
of the screws or nails described above. Hence, the roof
structure in the known art has concerns over leaking of
rain.

[0009] Additionally, in the roof structure in the known
art, the mounting brackets each are attached by the
screws or nails driven in the above-mentioned two pre-
pared holes. The two prepared holes have identical con-
figuration, in which each hole penetrate from the upper
plate through the slate tiles and the lower plate until
reaching the roof base. Specifically, the prepared holes,
having the same cross-section, each reach the roof base



3 EP 2 535 477 A1 4

through the first slate tile inserted in the receptacle of the
mounting bracket and the second slate tile underlying
the first tile. Shortly, the mounting bracket in the known
art is secured by the two screws or nails driven in the
roof base through the first slate tile and the second slate
tile.

Thus, in a case where the first or the second slate tile
breaks for a reason such as mistake in arranging the
slate tiles or secular change, both the two screws become
non-functional. That might displace the mounting brack-
ets, causing concerns over loosening of mounting of the
solar cell modules.

[0010] Buildings are used over many decades, being
subject to shocks, which often crack slate tiles.

Since the two screws or nails are driven in the same slate
tile in the roof structure in the known art, cracks of the
tile renders all the screws or nails securing the mounting
bracket non-functional.

[0011] In terms of the above-mentioned problems of
the known art, the present invention therefore aims to
improve an arrangement structure of solar cell modules
so as to develop a roof structure having a high water
interception and being safe from leaking of rain.

[0012] Further, in terms of the above-mentioned prob-
lems of the known art, the present invention aims to im-
prove an arrangement structure of solar cell modules so
as to develop a roof structure ensuring a certain level of
mounting strength even in breaking of one piece of roof
members.

SOLUTION TO PROBLEM

[0013] Inordertosolve the above-mentioned problem,
an aspect of the present invention provided herein is a
roof structure having a fundamental roof structure and a
plurality of solar cell modules arranged on the fundamen-
tal roof structure, wherein the fundamental roof structure
is formed by a plurality of roof members each provided
with an attaching hole, and wherein the roof members
are arranged outspread planarly in a row to form a plu-
rality of rows on a roof base with partly overlapped with
their adjacent roof members and partly exposed and
each are fixed to the roof base by a fastening element
driven in the attaching hole, the roof structure including
a plurality of clamps, wherein the clamps each comprise
a plate-like holding part having a throughhole, the holding
part being partly or entirely sandwiched between the roof
members at their overlapping part and the fastening el-
ementbeing driven in the attaching hole of the roof mem-
ber located below the holding part through the through-
hole, so that an overlying roof member located above
covers the throughhole with at least a part other than the
attaching hole, and the solar cell modules being mounted
on the fundamental roof structure via the clamps.
[0014] Herein, the fastening element signifies a broad-
er concept of a screw, a nail, or the like.

The roof structure in the present aspect has the funda-
mental roof structure, on which solar cell modules are
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arranged, as well as the known art. Specifically, the roof
structure in the present aspect has a plurality of roof
members such as slate tiles, which are partly overlapped
with their adjacent roof members and partly exposed.
Further, the roof members are arranged outspread
planarly in a row to form a plurality of rows on the roof
base. The roof members each are fixed to the roof base
by the fastening element driven in the attaching hole pro-
vided in the roof member.

In this aspect, though the solar cell modules are mounted
via a plurality of clamps as well as in the known art, at
least a part other than the attaching hole of the overlying
roof member covers the hole for attaching the clamp. In
sum, the attaching hole of the clamp is substantially cov-
ered with the overlying roof member.

The roof members are partly overlapped with their adja-
cent roof members and partly exposed like fish’s scales
and are arranged outspread planarly in a row to form a
plurality of rows. In this aspect, the attaching hole is lo-
cated below the overlapping parts of the roof members,
so as to be covered with the overlying roof member, which
prevents leaking of water. Consequently, the roof struc-
ture in the present aspect has a high waterproof property.
[0015] Preferably, the holding part mainly consists of
a lower plate and an upper plate, the lower plate and the
upper plate being integrated with a gap therebetween,
the upper plate being longer than the lower plate, and
the clamp is attached either to an end portion or near an
end portion of a specific roof member so that the lower
plate is positioned between the specific roof member and
an underlying roof member located below at least a part
of the specific roof member.

[0016] Further preferably, the lower plate and the up-
per plate each have a hole, the fastening element being
driven in the hole of the lower plate so as to be driven in
the attaching hole of the underlying roof member located
below the specific roof member, so that the specific roof
member covers the hole of the lower plate with at least
a part other than the attaching hole, and the upper plate
being positioned between the specific roof member and
the overlying roof member located above the specific roof
member and the fastening element being driven in the
hole of the upper plate so as to be driven in the attaching
hole of the specific roof member, so that the overlying
roof member located above the specific roof member
covers the hole of the upper plate with at least a part
other than the attaching hole.

[0017] The clamp employed in the preferred aspects
has the integrated lower and upper plates and is attached
to the fundamental roof structure by using the through-
holes provided respectively in the lower plate and the
upper plate. As described above, the roof members are
partly overlapped with their adjacent roof members and
partly exposed like fish’s scales and are arranged out-
spread planarly in a row to form a plurality of rows on the
roof base. For simplification of the description, a roof
member to which the clamp is attached is referred to as
a "specific roof member", a roof member underlapping
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the "specific roof member" is referred to as an "underlying
roof member", and a roof member overlapping the "spe-
cific roof member" is referred to as an "overlying roof
member".

The clamp employed in these aspects is attached to the
end portion or near the end portion of the specific roof
member. At this time, the lower plate of the clamp is po-
sitioned between the "specific roof member" and the "un-
derlying roof member". The fastening element is driven
in the throughhole of the lower plate and the attaching
hole of the "underlying roof member", thereby fixing the
lower plate of the clamp to the fundamental roof structure.
As described above, the roof members are partly over-
lapped with their adjacent roof members and partly ex-
posed like fish’'s scales and are arranged outspread
planarly in a row to form a plurality of rows on the roof
base. Specifically, at least a part of the "specific roof
member" is arranged on the "underlying roof member" in
which the fastening element is driven. Thus, the "specific
roof member" covers the attaching hole of the "underlying
roof member", thereby protecting the attaching hole from
rainwater seepage.

Further, the upper plate overlaps the "specific roof mem-
ber" with the fastening element driven in the throughhole
of the upper plate and the attaching hole of the "specific
roof member". The fastening element fixes the upper
plate of the clamp to the fundamental roof structure. At
least a part of the "overlying roof member" is arranged
on the "specific roof member" in which the fastening el-
ement is driven, so that the "overlying roof member" cov-
ers the attaching hole of the "specific roof member",
thereby protecting the attaching hole from rainwater
seepage.

[0018] The roof structure in these aspects is intended
to attach the clamps in construction of the fundamental
roof structure.

Besides, the roof members are preferably attached from
the eaves-side row toward the ridge in actual construction
of the roof structure in these aspects. Most of the roof
members offered commercially are provided with attach-
ing holes before shipment from factories, and the use of
such the roof members previously provided with the at-
taching holes are recommended in execution of these
aspects.

The procedures recommended in actual construction of
the roof structure in these aspects are as follows.

The roof members are placed on the roof base from the
eaves side. One roof member is placed on the roof base,
forexample. This roof member serves as the above-men-
tioned "underlying roof member". Then, the clamp is
placed on the "underlying roof member" placed on the
roof base. The clamp has the integrated lower and upper
plates as described above, so that the lower plate of the
clamp is brought into contact with the "underlying roof
member".

The attaching hole previously provided in the "underlying
roof member" and the throughhole of the lower plate of
the clamp are positioned, to the positioned holes the fas-
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tening element such as a wood screw or a nail is driven,
thereby fixing the lower plate to the roof.

Subsequently, the "specific roof member" is inserted in
between the lower plate and the upper plate of the clamp.
The attaching hole previously provided in the "specific
roof member" and the hole of the upper plate of the clamp
are positioned, to the positioned holes the fastening el-
ement such as the wood screw or the nail is driven, there-
by fixing the upper plate to the roof.

[0019] Preferably, the lower plate and the upper plate
each have a plurality of holes, and the fastening element
driven in the lower plate is arranged at a shifted position
in column-wise relative to the fastening element driven
in the upper plate.

[0020] Inthe roof structure in this preferred aspect, the
fastening elements are fastened at shifted positions in
column-wise, thereby stabilizing the clamp.

[0021] Preferably, the clamp has an intermediate plate
located on the upper plate and a holding plate located
on the intermediate plate, the lower plate and the upper
plate defining a first receptacle opening in one direction
relative to the clamp, a part of the upper plate and the
intermediate plate defining a second receptacle opening
in a direction opposite to that of the first receptacle, and
a part of the intermediate plate and the holding plate de-
fining a third receptacle opening in the same direction as
that of the first receptacle, so that the first receptacle
holds an eaves-side edge of the specific roof member,
the second receptacle holds aridge-side edge ofthe solar
cell module, and the third receptacle holds an eaves-side
edge of the solar cell module of a row located adjacently
toward a ridge.

[0022] Herein, in this specification, the "eaves side"
and the "ridge side" are terms used to denote a lower
side and an upper side of a roof inclination respectively
and do not limit either an external appearance of the roof
or a type of the roof.

In the roof structure in this preferred aspect, the clamp
has the three receptacles, whereby the edge of the roof
member and the edges of the solar cell modules are hold.
That stabilizes the clamp.

[0023] Preferably, the holding plate is fixed to the in-
termediate plate and is detachable from the intermediate
plate.

[0024] According to this preferred aspect, the holding

plate can be detached from the intermediate plate. De-
tachment of the holding plate from the intermediate plate
breaks one side of the receptacle, thereby releasing hold-
ing of the eaves-side edge of the solar cell module, which
can be demounted. Therefore, in a case of failure of one
of a number of the solar cell modules, only the failed solar
cell module can be demounted.

[0025] Preferably, the intermediate plate is fixed to the
upper plate and is detachable from the upper plate.
[0026] In this preferred aspect, the intermediate plate
is detachable, so that the second receptacle defined by
the intermediate plate and the upper plate can be disas-
sembled and assembled. Therefore, the second recep-
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tacle can be assembled after placing of the ridge-side
edge of the solar cell module on the intermediate plate,
and whereby a structure for preventing of separation of
the solar cell module is accomplished.

Consequently, the roof structure in this aspect is readily
constructed.

[0027] Preferably, the upper plate and the lower plate
are continuous with each other via an erecting wall ex-
tending substantially upward in a vertical direction from
the lower plate, the upper plate has a lower portion and
an upper portion continuous with the lower portion via a
step or a slope, both the lower portion and the upper
portion being formed of flat plates, and the intermediate
plate has a first flat plate and a second flat plate located
above the level of the first flat plate, the first flat plate and
the second flat plate being arranged substantially in par-
allel, so that the upper portion of the upper plate and the
first flat plate of the intermediate plate are attachable so
as to slidably move in a horizontal direction.

[0028] Preferably, the intermediate plate has a front
erecting wall extending substantially upward in a vertical
direction from a front end of the second flat plate, and
the holding plate is formed by a front plate of a flat-plate
shape and a folded part of a flat-plate shape extending
in a horizontal direction from an upper edge of the front
plate in a substantially L-shaped cross section, so that
the holding plate is attachable to the front erecting wall
from the front side.

[0029] Further preferably, at least one selected from a
group consisting of the first receptacle, the second re-
ceptacle and the third receptacle has a seal material
and/or a cushioning, the upper plate has hooks for hang-
ing a cable, the fastening element is a screw, and the
roof member is a slate tile.

[0030] Another aspect of the present invention is a
clamp for a solar cell module for mounting a solar cell
module on a building, wherein the building has a funda-
mental roof structure formed by a plurality of roof mem-
bers arranged outspread planarly in a row to form a plu-
rality of rows on a roof base, the roof members each
being previously provided with an attaching hole, wherein
the clamp includes a lower plate and an upper plate each
having an attaching hole, the holes being distantly posi-
tioned, and has an intermediate plate located on the up-
per plate and a holding plate located on the intermediate
plate, the lower plate and the upper plate defining a first
receptacle opening in one direction relative to the clamp,
a part of the upper plate and the intermediate plate de-
fining a second receptacle openingin a direction opposite
tothatofthefirstreceptacle, and a part of the intermediate
plate and the holding plate defining a third receptacle
opening in the same direction as that of the first recep-
tacle, so that the first receptacle is designed to hold an
eaves-side edge of the specific roof member, the second
receptacle is designed to hold a ridge-side edge of the
solar cell module, and the third receptacle is designed to
hold an eaves-side edge of the solar cell module of a row
located adjacently toward a ridge.
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[0031] The present aspectis the clamp for a solar cell
module for achieving the above-mentioned roof struc-
ture, thereby mounting the solar cell module on a roof
without rainwater seepage.

[0032] Preferably, the upper plate is longer than the
lower plate.

[0033] Preferably, the holding plate is fixed to the in-
termediate plate and is detachable from the intermediate
plate.

[0034] Preferably, the intermediate plate is fixed to the

upper plate and is detachable from the upper plate.
[0035] Preferably, the upper plate and the lower plate
are continuous with each other via an erecting wall ex-
tending substantially upward in a vertical direction from
the lower plate, the upper plate has a lower portion and
an upper portion continuous with the lower portion via a
step or a slope, both the lower portion and the upper
portion being formed of flat plates, and the intermediate
plate has a first flat plate and a second flat plate located
above the level of the first flat plate, the first flat plate and
the second flat plate being arranged substantially in par-
allel, so that the upper portion of the upper plate and the
first flat plate of the intermediate plate being attachable
so as to slidably move in a horizontal direction.

[0036] Preferably, the intermediate plate has a front
erecting wall extending substantially upward in a vertical
direction from a front end of the second flat plate, and
the holding plate is formed by a front plate of a flat-plate
shape and a folded part of a flat-plate shape extending
in a horizontal direction from an upper edge of the front
plate in a substantially L-shaped cross section and, so
that the holding plate is attachable to the front erecting
wall from the front side.

[0037] Preferably, at least one selected from a group
consisting of the first receptacle, the second receptacle
and the third receptacle has a seal material and/or a cush-
ioning, and the upper plate has hooks for hanging a cable.
[0038] Still another aspect of the present invention re-
lates to a method for constructing a roof and is a method
for mounting a solar cell module on a building by using
the above-mentioned clamp, including the steps of ar-
ranging the roof member on the roof base of the building,
placing the lower plate of the clamp on the roof member,
positioning the attaching hole of the roof member with
the hole of the lower plate so as to drive the fastening
element in the positioned holes, inserting the specific roof
member in between the lower plate and the upper plate
of the clamp so as to hold the specific roof member in
the first receptacle, further positioning the attaching hole
of the specific roof member with the hole of the upper
plate so as to drive the fastening elementin the positioned
holes, and placing another roof member on the specific
roof member so that the other roof member covers the
attaching hole of the specific roof member.

[0039] The method for mounting a solar cell module in
the present aspect ensures efficient mounting of a solar
cell module by a simple procedure.

[0040] Yet another aspect of the present invention is
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a roof structure having a fundamental roof structure and
a plurality of solar cell modules arranged on the funda-
mental roof structure, wherein the fundamental roof
structure is formed by a plurality of roof members each
provided with an attaching hole, and wherein the roof
members are arranged outspread planarly in a row to
form a plurality of rows on a roof base with partly over-
lapped with their adjacent roof members and partly ex-
posed and each are fixed to the roof base by a fastening
element driven in the attaching hole, the roof structure
having a plurality of clamps, wherein the clamps each
comprise a plate-like holding part having a plurality of
holes, at least one of the holes being communicated with
the attaching hole of the specific roof member with the
fastening element driven in the communicated holes and
at least one of the remaining holes being communicated
with the attaching hole of the roof member of an adjacent
row to the specific roof member with the fastening ele-
ment driven in the communicated holes, and the solar
cell modules being mounted on the fundamental roof
structure via the clamps.

[0041] The roof structure in the present aspect, as well
as the known art, has the fundamental roof structure, on
which solar cell modules are arranged. Specifically, the
roof structure in the present aspect has a plurality of roof
members such as slate tiles, which are arranged in a row
to form a plurality of rows on the roof base with a part
overlapped with their adjacent roof members and with
the remaining part exposed, so that the slate tiles are
arranged outspread planarly. The roof members each
are fixed to the roof base by the fastening element driven
in the attaching hole provided in the roof member.

In the roof structure in the present aspect, the clamp has
a plurality of holes, some of which are communicated
with the attaching hole of the specific roof member, so
that the fastening member is driven into the communi-
cated holes. Some of the remaining holes are communi-
cated with the attaching hole of the roof member of a row
adjacent to the roof member in column-wise, so that the
fastening elementis driven into the communicated holes.
Therefore, according to the present aspect, the clamp is
attached over a plurality of roof members. Consequently,
that ensures a certain level of mounting strength evenin
breaking of one piece of roof members.

Additionally, the present aspect uses the roof members
each provided with the attaching hole, so that the work
with a drill or the like on site is not indispensable. The
method of utilizing the attaching hole having been formed
in manufacturing of the roof member is recommended
due to no damage to the roof member.

[0042] Preferably, the holding part is partly or entirely
sandwiched between the roof members at their overlap-
ping part, through the holes the fastening elements are
drivenin the attaching hole of the underlying roof member
located below the holding part, so that the overlying roof
member covers the holes with at least a part other than
the attaching hole.

[0043] In the roof structure in the known art disclosed
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inthe patent document 1, holes are formed in the existing
slate tiles with a drill, which may form holes in not only
the slate tiles but also a waterproof sheet of the roof base.
In some cases, a board of the base may get a hole.
Further, in the roof structure disclosed in the patent doc-
ument 1, there is a gap between the solar cell module
and the slate tile. Rainwater intruding in the gap might
flow on the slate tile located below the solar cell module
and intrude in a building through the above-mentioned
holes for screws or nails. Therefore, the roof structure in
the known art might cause leaking of rain. This preferred
aspect dispels such a concern.

Though the solar cell module is mounted via a plurality
of clamps in this aspect as well as the known art, this
aspect makes the overlying roof member to cover the
holes for attaching the clamps with at least a part other
than the attaching hole thereof, so that the attaching hole
of the clamp is substantially covered with the overlying
roof member.

Specifically, the roof members are arranged in a row to
form a plurality of rows on the roof base, being overlapped
with their adjacent roof members with the remaining part
exposed, and outspread planarly like fish’s scales. This
aspect places the attaching hole under the overlapping
part of the roof members, so that the overlying roof mem-
ber covers the attaching hole, thereby preventing leaking
of water. Consequently, the roof structure in this aspect
has a high waterproof property.

[0044] Preferably, the holding part mainly consists of
integrated lower and upper plates, the upper plate being
longer than the lower plate and the lower plate and the
upper plate each having a hole, and the clamp is attached
eitherto anend portion or near an end portion of a specific
roof member, the lower plate being positioned between
the specific roof member and an underlying roof member
located below at least a part of the specific roof member,
and the fastening element being driven in the hole of the
lower plate and in the attaching hole of the roof member
located below the specific roof member, so that the spe-
cific roof member covers the hole of the lower plate with
atleast a part other than the attaching hole, and the upper
plate being positioned between the specific roof member
and an overlying roof member located above the specific
roof member, and the fastening element being driven in
the hole of the upper plate and in the attaching hole of
the specific roof member, so that the overlying roof mem-
ber located above the specific roof member covers the
hole of the upper plate with at least a part other than the
attaching hole.

[0045] The clamp employed in this preferred aspect
has the integrated lower and upper plates and is attached
to the fundamental roof structure by using the holes pro-
vided respectively in the lower plate and the upper plate.
As described above, the roof members are arranged in
a row to form a plurality of rows on the roof base, being
overlapped with their adjacent roof members with the re-
maining part exposed. Thus, the roof members are ar-
ranged outspread planarly like fish’s scales. For simpli-
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fication of the description, a roof member to which the
clamp is attached is referred to as a "specific roof mem-
ber", aroof member underlapping the "specific roof mem-
ber" is referred to as an "underlying roof member", and
a roof member overlapping the "specific roof member" is
referred to as an "overlying roof member".

The clamp employed in this aspect is attached to the end
portion or near the end portion of the specific roof mem-
ber, with the lower plate thereof positioned between the
"specific roof member" and the "underlying roof mem-
ber". The fastening element is inserted in the hole of the
lower plate and the attaching hole of the "underlying roof
member", thereby fixing the lower plate of the clamp to
the fundamental roof structure.

As described above, the roof members are arranged in
a row to form a plurality of rows on the roof base with a
part overlapped with their adjacent roof members and
the remaining part exposed, and outspread planarly like
fish’s scales. Further, at least a part of the "specific roof
member" is arranged on the "underlying roof member" in
which the fastening element is driven. Thus, the "specific
roof member" covers the attaching hole of the "underlying
roof member", thereby protecting the attaching hole from
rainwater seepage.

Further, the upper plate overlaps the "specific roof mem-
ber" with the fastening element driven in the throughhole
of the upper plate and the attaching hole of the "specific
roof member". The fastening element fixes the upper
plate of the clamp to the fundamental roof structure. At
least a part of the "overlying roof member" is arranged
on the "specific roof member" in which the fastening el-
ement is driven, so that the "overlying roof member" cov-
ers the attaching hole of the "specific roof member",
thereby protecting the attaching hole from rainwater
seepage.

[0046] Preferably, the lower plate and the upper plate
each have a plurality of holes, and the fastening element
driven in the lower plate is arranged at a shifted position
in column-wise relative to the fastening element driven
in the upper plate.

[0047] According to the roof structure in this preferred
aspect, the fastening elements are driven at shifted po-
sitions in column-wise, thereby stabilizing the clamp.
[0048] Preferably, the clamp has an intermediate plate
located on the upper plate and a holding plate located
on the intermediate plate, the lower plate and the upper
plate defining a first receptacle opening in one direction
relative to the clamp, a part of the upper plate and the
intermediate plate defining a second receptacle opening
in a direction opposite to that of the first receptacle, and
a part of the intermediate plate and the holding plate de-
fining a third receptacle opening in the same direction as
that of the first receptacle, so that the first receptacle
holds an eaves-side edge of the specific roof member,
the second receptacle holds aridge-side edge of the solar
cellmodule, and the third receptacle holds an eaves-side
edge of the solar cell module of a row located adjacently
toward a ridge.
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[0049] Inthe roof structure in this preferred aspect, the
clamp has the three receptacles, whereby the edge of
the roof member and the edges of the solar cell modules
are hold. That stabilizes the clamp.

[0050] Preferably, the holding plate is fixed to the in-
termediate plate and is detachable from the intermediate
plate.

[0051] According to this preferred aspect, the holding
plate can be detached from the intermediate plate. De-
tachment of the holding plate from the intermediate plate
breaks one side of the receptacle, thereby releasing hold-
ing of the eaves-side edge of the solar cell module, which
can be demounted. Therefore, in a case of failure of one
of a number of the solar cell modules, only the failed solar
cell module can be demounted.

[0052] Preferably, the intermediate plate is fixed to the
upper plate and is detachable from the upper plate.
[0053] In this preferred aspect, the intermediate plate
is detachable, so that the second receptacle defined by
the intermediate plate and the upper plate can be disas-
sembled and assembled. Therefore, the second recep-
tacle can be assembled after placing of the ridge-side
edge of the solar cell module on the intermediate plate,
and whereby a structure for preventing of separation of
the solar cell module is accomplished.

Consequently, the roof structure in this aspect is readily
constructed.

[0054] Preferably, the upper plate and the lower plate
are continuous with each other via an erecting wall ex-
tending substantially upward in a vertical direction from
the lower plate, the upper plate has a lower portion and
an upper portion continuous with the lower portion via a
step or a slope, both the lower portion and the upper
portion being formed of flat plates, and the intermediate
plate has a first flat plate and a second flat plate located
above the level of the first flat plate, the first flat plate and
the second flat plate being arranged substantially in par-
allel, so that the upper portion of the upper plate and the
first flat plate of the intermediate plate are attachable so
as to slidably move in a horizontal direction.

[0055] Preferably, the intermediate plate has a front
erecting wall extending substantially upward in a vertical
direction from a front end of the second flat plate, and
the holding plate is formed by a front plate of a flat-plate
shape and a folded part of a flat-plate shape extending
in a horizontal direction from an upper edge of the front
plate in a substantially L-shaped cross section, so that
the holding plate is attachable to the front erecting wall
from the front side.

[0056] Preferably, at least one selected from a group
consisting of the first receptacle, the second receptacle,
and the third receptacle has a seal material and/or a cush-
ioning, the upper plate has hooks for hanging a cable,
the fastening element is a screw, and the roof member
is a slate tile.

[0057] Yetstillanother aspect of the present invention
is a clamp for a solar cell module for mounting a solar
cell module on a building, wherein the building has a plu-
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rality of roof members each provided with an attaching
hole, the roof members being arranged outspread
planarly in a row to form a plurality of rows on a roof base
in such a manner as to be overlapped with their adjacent
roof members with constant overlapping parts and to be
exposed at the remaining part without overlapping and
each being fixed to the roof base by a fastening element
driven in the attaching hole, the clamp mainly consisting
of a lower plate and an upper plate each having an at-
taching hole, the holes of the lower plate and the upper
plate having an interval in size subtracting the length of
the overlapping part from the width of the roof member.
[0058] This aspect provides the clamp for a solar cell
module for achieving the above-mentioned roof structure
and ensures a certain level of mounting strength evenin
breaking of one piece of roof members.

[0059] Preferably, the upper plate is longer than the
lower plate, wherein the clamp has an intermediate plate
located on the upper plate and a holding plate located
on the intermediate plate, the lower plate and the upper
plate defining a first receptacle opening in one direction
relative to the clamp, a part of the upper plate and the
intermediate plate defining a second receptacle opening
in a direction opposite to that of the first receptacle, and
a part of the intermediate plate and the holding plate de-
fming a third receptacle opening in the same direction as
that of the first receptacle, so that the first receptacle is
designed to hold an eaves-side edge of the specific roof
member, the second receptacle is designed to hold a
ridge-side edge of the solar cell module, and the third
receptacle is designed to hold an eaves-side edge of the
solar cell module of a row located adjacently toward a
ridge.

[0060] This aspect provides the clamp for a solar cell
module for achieving the above-mentioned roof structure
and enables to mount solar cell modules on a roof with
preventing leaking of rain.

[0061] Preferably, the holding plate is fixed to the in-
termediate plate and is detachable from the intermediate
plate.

[0062] Preferably, the intermediate plate is fixed to the
upper plate and is detachable from the upper plate.
[0063] Preferably, the upper plate and the lower plate
are continuous with each other via an erecting wall ex-
tending substantially upward in a vertical direction from
the lower plate, the upper plate has a lower portion and
an upper portion continuous with the lower portion via a
step or a slope, both the lower portion and the upper
portion being formed of flat plates, and the intermediate
plate has a first flat plate and a second flat plate located
above the level of the first flat plate, the first flat plate and
the second flat plate being arranged substantially in par-
allel, so that the upper portion of the upper plate and the
first flat plate of the intermediate plate are attachable so
as to slidably move in a horizontal direction.

[0064] Preferably, the intermediate plate has a front
erecting wall extending substantially upward in a vertical
direction from a front end of the second flat plate, and
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the holding plate is formed by a front plate of a flat-plate
shape and a folded part of a flat-plate shape extending
in a horizontal direction from an upper edge of the front
plate in a substantially L-shaped cross section, so that
the holding plate is attachable to the front erecting wall
from the front side.

[0065] Preferably, at least one selected from a group
consisting of the first receptacle, the second receptacle,
and the third receptacle has a seal material and/or a cush-
ioning, and the upper plate has hooks for hanging a cable.
[0066] A further aspect of the present invention is a
method for mounting a solar cell module on a building by
using the above-mentioned clamp for a solar cell module,
including the steps of arranging the roof member on the
roof base of the building, placing the lower plate of the
clamp on the roof member; positioning the attaching hole
of the roof member with the hole of the lower plate so as
to drive the fastening element into the positioned holes,
inserting the specific roof member in between the lower
plate and the upper plate of the clamp so as to hold the
specific roof member in the first receptacle, further posi-
tioning the attaching hole of the specific roof member
with the hole of the upper plate so as to drive the fastening
element in the positioned holes, and placing another roof
member on the specific roof member so that the other
roof member covers the attaching hole of the specific
roof member.

[0067] The method for mounting a solar cell module in
the present aspect ensures efficient mounting of solar
cell modules by a simple procedure.

ADVANTAGEOUS EFFECT OF INVENTION

[0068] The roof structure of the present invention has
an advantageous effect of no concern over leaking of
rain. That renders a building durable and lasting for a
long time.

Further, the clamp for a solar cell module of the present
invention has an advantageous effect of mounting a solar
cell module on a roof with preventing leaking of rain.
Still further, the method for mounting a solar cell module
of the present invention has an advantageous effect of
efficient mounting of a solar cell module by a simple pro-
cedure.

[0069] Besides, the roof structure of the present inven-
tion ensures a mounting strength of solar cells even in
breaking of one piece of roof members, thereby achieving
an advantageous effect of being durable for long-time
use.

BRIEF DESCRIPTION OF DRAWINGS

[0070]
Fig. 1is a perspective view showing an appearance
of a roof structure of an embodiment of the present

invention;
Fig. 2 is a perspective view of a slate tile employed
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in the roof structure of the embodiment;

Figs. 3A to 3C are explanatory views of a solar cell
module employed in the roof structure of the embod-
iment, Fig. 3A being a perspective view of the solar
cell module seen from the front, Fig. 3B being an
enlarged cross section of a connector of afirst cable,
Fig. 3C being an enlarged cross section of a con-
nector of a second cable;

Fig. 4 is a perspective view of the solar cell module
in Fig. 3A seen from the back;

Fig. 5 is a perspective view of the solar cell module
in Fig. 3A seen from the front, showing a back struc-
ture by dashed lines;

Fig. 6 is a cross section of the connector of the solar
cell module in Figs. 3B and 3C;

Fig. 7 is a perspective view of an eaves-side mount-
ing bracket (eaves-side clamp) employed in the roof
structure of the embodiment;

Fig. 8 is an exploded perspective view of the eaves-
side mounting bracket in Fig. 7;

Fig. 9 is a cross section of the eaves-side mounting
bracket in Fig. 7;

Fig. 10 is a perspective view of an intermediate
mounting bracket (clamp) employed in the roof struc-
ture of the embodiment;

Fig. 11 is an exploded perspective view of the inter-
mediate mounting bracket in Fig. 10;

Fig. 12 is a cross section taken along a line D-D in
Fig. 11;

Fig. 13 is a cross section taken along a line E-E in
Fig. 11;

Fig. 14 is a cross section of the intermediate mount-
ing bracket in Fig. 10;

Fig. 15 is a perspective view of the intermediate
mounting bracket (clamp) employed in the roof struc-
ture of the embodiment;

Fig. 16 shows a construction process of the roof
structure of the embodiment and is a perspective
view of the roof structure with the eaves-side mount-
ing brackets attached to an eave of a roof base;
Fig. 17 is a cross section of the roof structure in Fig.
16;

Fig. 18 shows a process following the process in
Figs. 16 and 17 and is a perspective view of the roof
structure with slate tiles of a first row arranged;

Fig. 19 is a cross section of the roof structure in Fig.
18;

Fig. 20 shows a process following the process in Fig.
19 and is a cross section of the roof structure with
slate tiles of a second row arranged;

Fig. 21 shows a process following the process in Fig.
20 and is a perspective view in attaching holding-
part composing members of intermediate mounting
brackets of a first row to the slate tiles of the second
row;

Fig. 22 is a cross section of the roof structure in Fig.
21;

Fig. 23 is an enlarged perspective view of the hold-
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ing-part composing member in attaching the holding-
part composing member of the intermediate mount-
ing bracket of the first row to the slate tile of the sec-
ond row;

Fig. 24 shows a process following the process in Fig.
23 and is a perspective view in inserting slate tiles
of athird row into first receptacles of the intermediate
mounting brackets of the first row;

Fig. 25 is a cross section of the roof structure in Fig.
24;

Fig. 26 is a perspective view in screwing the holding-
part composing members of the intermediate mount-
ing brackets of the first row to the slate tiles of the
third row;

Fig. 27 is a cross section of the roof structure in Fig.
26;

Fig. 28 is a plan view showing a state with the hold-
ing-part composing members of the intermediate
mounting brackets of the first row screwed to the
slate tiles of the third row;

Figs. 29A and 29B are views of the roof structure in
arranging slate tiles of a fourth row, Fig. 29A being
a cross section thereof and Fig. 29B being an en-
larged view of an inside of a circle in Fig. 29A;
Figs. 30A and 30B are views of the roof structure
with lower plates of the intermediate mounting brack-
ets of a second row attached to the slate tiles of the
fourth row, Fig. 30A being a cross section thereof
and Fig. 30B being an enlarged view of an inside of
a circle in Fig. 30A;

Figs. 31A and 31B are views of the roof structure
with slate tiles of a fifth row inserted in first recepta-
cles of the intermediate mounting brackets of the
second row, Fig. 31A being a cross section thereof
and Fig. 31B being an enlarged view of an inside of
a circle in Fig. 31A;

Fig. 32 is a perspective view showing a state with
the eaves-side mounting brackets and the holding-
part composing members of the intermediate mount-
ing brackets to the slate tiles respectively;

Fig. 33is aconceptual diagramforexplaining a meth-
od of connecting solar cell modules;

Fig. 34 is an electric schematic diagram showing a
connection structure of the solar cell modules;

Fig. 35 is a cross section of the roof structure in
mounting the solar cell modules of a first row on the
eaves-side brackets;

Fig. 36is a cross section of the roof structure showing
a process following Fig. 35;

Fig. 37 is a perspective view showing a state with an
intermediate plate (including a holding plate) at-
tached to the holding-part composing members of
the first row so as to hold a ridge-side edge of the
solar cell module;

Fig. 38 is a cross section showing a state with the
intermediate plate (including the holding plate) at-
tached to the holding-part composing members of
the first row in Fig. 36;
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Fig. 39 is a perspective view showing a state with
the solar cell modules of the first row mounted;

Fig. 40 is a perspective view showing a state of
mounting and cabling of the solar cell modules of the
first row;

Fig. 41 is a plan view showing a state of mounting
and cabling of the solar cell modules of the first row;
Fig. 42 is a cross section of the roof structure with
the solar cell modules of a second row mounted so
that the solar cell modules of the second row are put
over the cables;

Fig. 43 is a cross section showing the roof structure
with an intermediate plate (including a holding plate)
of a second row attached to holding-part composing
members of a second row so that ridge-side edges
of the solar cell modules of the second row are held;
Fig. 44 is a plan view showing a state of cabling of
the solar cell modules of the second row;

Fig. 45 is a cross section showing a state with flash-
ing boards attached to ridge sides of the solar cell
modules of the third row;

Fig. 46 is a cross section showing a state with the
solar cell modules mounted on the roof structure;
Fig. 47 is a perspective view in detaching connecting
pieces from the state in Fig. 1;

Fig. 48 is a cross section in detaching the solar cell
modules from the state in Fig. 45;

Fig.49is a cross section showing a process following
Fig. 48;

Fig. 50is a perspective view in attaching the holding-
part composing members to an existing roof struc-
ture;

Fig. 51 is a perspective view showing a process fol-
lowing Fig. 50;

Figs. 52A and 52B each are a cross section of an
intermediate mounting bracket of another embodi-
ment from that in Fig. 10, Fig. 52A showing an inter-
mediate mounting bracket with a lower plate longer
than an upper plate and Fig. 52B showing an inter-
mediate mounting bracket with a lower plate and an
upper plate having the same length;

Fig. 53 is a perspective view of an intermediate
mounting bracket provided with another holding
plate than that in Fig. 10;

Fig. 54 is a perspective view of a solar cell module
provided with another heat-insulating and reinforcing
member than that in Fig. 5, seen from the front and
showing a back structure by dashed lines;

Fig. 55 is a representation conceptually explaining
a layer structure of an integrated solar cell involved
in a solar cell panel employed in the present embod-
iment; and

Fig. 56 is a perspective view showing an overlapping
state of the solar cell modules.

DESCRIPTION OF EMBODIMENTS

[0071] Now, embodiments of the presentinvention will
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be described in detail below.

Referring to Fig. 1, a roof structure 1 of the present em-
bodiment is constructed by a fundamental roof structure
3 shingled with slate tiles (roof member) 2 and solar cell
modules 10 mounted thereon via eaves-side mounting
brackets (eaves-side clamps) 5 and intermediate mount-
ing brackets (clamps) 6. There are also provided flashing
boards 11 partly attached to necessary parts.

[0072] Each slate tile 2 is, as shown in Fig. 2, a thin
plate formed by materials such as cement with a sub-
stantially rectangular shape. The slate tile 2 has four at-
taching holes 12 in a line near the center in a shorter
direction in advance. In this embodiment, the attaching
holes 12 have uneven intervals, the interval between the
two holes 12b and 12c in the central part being longer
than the intervals between the other pairs of holes.
More specifically, the four holes are denoted as a hole
12a, a hole 12b, a hole 12c, and a hole 12d from the left
in the figure. An interval Wa between the hole 12a and
the hole 12b and an interval Wc between the hole 12¢
and the hole 12d, which are the intervals between the
holes of either side, are the same, while an interval Wb
between the holes 12b and 12cin the central partis longer
than the above-mentioned intervals Wa and Wec.

[0073] Next, a structure of the solar cell modules 10
will be described in detail below. As described below, in
this embodiment, the solar cell modules 10 are arranged
with an edge from which cables 16 and 18 are extracted
facing toward a ridge, so that the edge from which the
cables 16 and 18 are extracted is described as an upper
edge for the sake of description.

Each solar cell module 10 employed in the present em-
bodiment, as shown in Figs. 3A to 3C, 4, and 5, includes
a solar cell panel 13, a terminal box 14 (see Fig. 4) at-
tached to a back of the solar cell panel 13, the two cables
16 and 18 extracted from the terminal box 14, connectors
20 and 22 connected to the cables 16 and 18 respective-
ly, and a heat-insulating and reinforcing member 23.
[0074] The solar cell panel 13 is formed in a substan-
tially rectangular and planate shape as shown in Fig. 3A.
The solar cell panel 13 is preferably 900 to 1200 mm long
inits longer direction and 230 to 650 mm longinits shorter
direction.

Herein, the length of the solar cell panel 13 in the longer
direction is about twice as much as that of the slate tile
2. Meanwhile, the length AW of the solar cell panel 13 in
the shorter direction is about 1.3 to 1.6 times as much
as the length aw of the slate tile 2 in the shorter direction.
More specifically, the solar cell panel 13 has the length
AW in the shorter direction equivalent to the length of two
overlapped slate tiles 2.

[0075] The solar cell panel 13 employed in the present
embodiment is an integrated solar cell. The solar cell
panel 13 may be one, for example, formed by laminating
a conducting film or a semiconducting film on a glass
substrate and forming a plurality of parallel grooves 15
in the resulting laminated body so as to form a predeter-
mined number of one-cell batteries (unit solar cells) 17,
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which are electrically connected in series. The solar cell
panel 13 in the present embodiment can obtain a voltage
of 100 volts for one panel.

As described above, the unit solar cells 17 are electrically
connected in series and connected to the terminal box 14.
Herein, for convenience of drawing figures, the number
of the grooves 15 is drawn less than the actual number.
[0076] As for a characteristic configuration, the solar
cell panel 13 in the present embodiment has a dividing
groove 21 crossing the unit solar cells 17. The dividing
groove 21 is located at about 30 to 50 mm inside from
the upper edge, which is an edge from which the cables
16 and 18 are extracted. The solar cell panel 13 is divided
by the dividing groove 21 into an area A situated at a
lower partin the figure and an area B situated at an upper
part in the figure. The area B comes hidden behind a
solar cell module 10 of a ridge-side row, when the solar
cell modules 10 are arranged on the roof. Thus, in this
embodiment, only the unit solar cells 17 in the larger area
A at the lower part in the figure are connected to the
terminal box 14, whereas those in the area B not contrib-
uting to electric generation due to being under shadow
are not connected to the terminal box 14.

[0077] As shown in Fig. 4, the terminal box 14 is fixed
to the back of the solar cell panel 13 with glue or the like.
The terminal box 14 is fixed in substantially the center of
longer edges of the solar cell panel 13 and in an area
adjacent to a longer edge 150. More specifically, the ter-
minal box 14 is fixed to the back and upper part of the
solar cell panel 13. However, an upper edge of the ter-
minal box 14 is located not at the same level of that of
the solar cell panel 13, but slightly inside the upper edge
of the panel 13. More specifically, the upper edge of the
terminal box 14 is located at about 30 to 50 mm inside
from that of the panel 13.

[0078] Theterminal box 14 has therein a positive elec-
trode connection terminal (not shown) to which a positive
electrode of the solar cell panel 13 is connected and a
negative electrode connection terminal (not shown) to
which a negative electrode of the solar cell panel 13 is
connected. In the terminal box 14, the positive electrode
connection terminal is connected with two positive con-
ductors 24 covered in black, while the negative electrode
connection terminal is connected with two negative con-
ductors 26 covered in white.

[0079] Thefirst cable 16 is a two-core cable formed by
tying one positive conductor 24 of the two positive con-
ductors 24, 24 and one negative conductor 26 of the two
negative conductors 26, 26. Meanwhile, the second ca-
ble 18 is a two-core cable formed by tying the other pos-
itive conductor 24 of the two positive conductors 24, 24
and the other negative conductor 26 of the two negative
conductors 26, 26.

[0080] As shown in Figs. 3A to 3C, 4, and 5, the first
cable 16 and the second cable 18 differ in color. The first
cable 16 has the positive conductor 24 and the negative
conductor 26 arranged in a white insulation tube 16a,
whereas the second cable 18 has the positive conductor
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24 and the negative conductor 26 arranged in a black
insulation tube 18a.

[0081] Further, the first cable 16 and the second cable
18 differ in length, one being long and the other being
short. Specifically, the first cable 16 is shorter than the
second cable 18. The entire length of the first cable 16
is less than 50 % of the length of the longer edge of the
rectangular solar cell panel 13, while that of the second
cable 18 is 50 % or more of the length of the longer edge
of the solar cell panel 13.

[0082] However, the total length of the first cable 16
and the second cable 18 is longer than the length of the
longer edge of the solar cell panel 13.

[0083] As shown in Figs. 3A to 3C, the first cable 16
and the second cable 18 are provided with a first con-
nector 20 and a second connector 22, respectively, at
one of their ends. The first connector 20 and the second
connector 22 differ in color, but have the same configu-
ration. In the present embodiment, the first connector 20
is white, whereas the second connector 22 is black.
[0084] As shownin Figs. 3A to 3C and 6, the first con-
nector 20 and the second connector 22 each have a pin
terminal 28 and a socket terminal 30. Further, the first
connector 20 and the second connector 22 each have a
female portion 32 and a male portion 34, the above-men-
tioned pin terminal 28 being within the female portion 32
and the socket terminal 30 being within the male portion
34.

[0085] As shown in Figs. 3B and 3C, in the present
embodiment, the pin terminal 28 of the first connector 20
is connected with the positive conductor 24, whereas the
socket terminal 30 of the first connector 20 is connected
with the negative conductor 26. On the other hand, the
pin terminal 28 of the second connector 22 is connected
with the negative conductor 26, whereas the socket ter-
minal 30 of the second connector 22 is connected with
the positive conductor 24. That means, in the first con-
nector 20, the pin terminal 28 is a positive electrode, while
the socketterminal 30 is a negative electrode. In contrast,
in the second connector 22, the pin terminal 28 is a neg-
ative electrode, while the socket terminal 30 is a positive
electrode. Thus, in the first connector 20 and the second
connector 22, it is possible to electrically connect the
same kinds of electrodes by engaging the female portion
32 of one connector with the male portion 34 of the other
connector so as to connect the pin terminal 28 of the one
connector to the socket terminal 30 of the other connec-
tor.

[0086] Next, the heat-insulating and reinforcing mem-
ber 23 will be described. As shown in Fig. 4, the heat-
insulating and reinforcing member 23 is a member made
of foamed resin and attached to the back of the solar cell
panel 13 so as to secure a strength and heat insulating
properties of the solar cellmodule 10. The heat-insulating
and reinforcing member 23 is, as shown in Fig. 4, located
in the central part of the back of the solar cell panel 13
and has a wiring storage space 41 formed by cutting a
portion of the heat-insulating and reinforcing member 23
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along the vicinity of a lower side in the figure.

Further, there is provided a cutting portion 43 for the ter-
minal box at a position where the terminal box 14 is fixed.
Therefore, the terminal box 14 is surrounded by the heat-
insulating and reinforcing member 23 on three sides.
There are also provided with cutting portions 45 on both
sides of the cutting portion 43 for the terminal box.

The heat-insulating and reinforcing member 23 becomes
thin at parts under the cutting portions 45, forming trough-
like portions 46.

The heat-insulating and reinforcing member 23 is further
cut at a portion 40 adjacent to the longer edge 150 near
the upper part of the solar cell panel. This portion is a
part placed on an anterior part of a front end area B of
the intermediate mounting bracket 6. Herein, the cutting
portion 45 and the trough-like portions 46 can be used
for passing the first cable 16 and/or the second cable 18
therethrough in connecting the connectors of any two
adjacent solar cell modules 10 situated at the eaves side
and the ridge side when the solar cell modules 10 are
arranged on a roof.

[0087] The solar cell panel 13 has side gaskets 47 at
its both shorter edges. The side gaskets 47 are made of
a resin material.

[0088] Next, brackets will be described below.

Figs. 7 and 8 each illustrate the eaves-side mounting
bracket (eaves-side clamp) 5. The eaves-side mounting
bracket 5 mainly consists of three fixing pieces 50 and a
connecting piece 51 connecting the fixing pieces 50, as
shown in Fig. 7. The fixing pieces 50 each are formed by
bending a galvanized steel sheet in zigzag, as shown in
Fig. 8, including a lower plate 52, a first front erecting
portion 53 erecting from a proximal edge of the lower
plate 52, an upper plate 55 continuous from the first front
erecting portion 53 and opposite to the lower plate 52, a
rear erecting portion 56 continuous from a distal edge of
the upper plate 55 and erecting from the upper plate 55,
a supporting plate 57 continuous to the rear erecting por-
tion 56 and opposite to the upper plate 55, and a second
front erecting portion 58 continuous to a proximal edge
of the supporting plate 57 and erecting from the support-
ing plate 57. Each edge is bent at a substantially vertical
angle.

[0089] In sum, the fixing pieces 50 each have three
plates arranged opposite to and substantially parallel to
one another, the lower plate 52, the upper plate 55, and
the supporting plate 57, which are arranged continuous
by the first front erecting portion 53 and the rear erecting
portion 56.

Among the above-mentioned three plates, the lower plate
52, the upper plate 55, and the supporting plate 57, only
the lower plate 52 located undermost is longer than the
other plates. The lower plate 52 has one attaching hole
59.

The attaching hole 59 is located outside the underneath
of the upper plate 55 and the supporting plate 57.

The first front erecting portion 53 and the second front
erecting portion 58 are in the same plane.
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[0090] The connecting piece 51 is an elongated mem-
ber of about one meter in length with an "L" shaped cross
section. Specifically, referring to Fig. 8, the connecting
piece 51 mainly consists of a front portion 60 of a sub-
stantially rectangular shape and a covering-plate com-
posing portion 61 projecting to one side by bending a
longer edge of the front portion 60 in small measure at
right angle.

[0091] Referring to Fig. 7, the three fixing pieces 50
are attached to the connecting piece 51 at appropriate
and regular intervals. With the fixing pieces 50 attached
to the connecting piece 51, outer faces of the first front
erecting portion 53 and the second front erecting portion
58 of each fixing piece 50 are brought into contact with
an inner face of the front portion 60 of the connecting
piece 51. Further, screws 62, 63 are driven in the front
portion 60 of the connecting piece 51 and the first and
the second front erecting portions 53, 58 of the fixing
piece 50, thereby fixing the fixing piece 50 to the con-
necting piece 51.

[0092] Additionally, with the fixing piece 50 attached
to the connecting piece 51, an "L" shaped corner of the
connecting piece 51 contacts with an end face of the
second front erecting portion 58 of the fixing piece 50.
The covering-plate composing portion 61 faces to the
fixing piece 50. Hence, the covering-plate composing
portion 61 is opposed in parallel to the supporting plate
57 of the fixing piece 50.

[0093] Inthisembodiment, the fixing piece 50 is formed
by bending a galvanized steel sheet in zigzag, so that,
as shown in Fig. 9, the lower plate 52, the first front erect-
ing portion 53, and the upper plate 55 define a roof-mem-
ber holding receptacle 64.

Similarly, the supporting plate 57, the second front erect-
ing portion 58, and the covering-plate composing portion
61 define a module holding receptacle 65.

There is provided a cover 66 made of an elastic body
such as rubber on the connecting piece 51 at a part de-
fining the module holding receptacle 65. There is also
provided a protector 67 made of an elastic body such as
rubber on the fixing piece 50 at a part defining the module
holding receptacle 65.

[0094] Next, the intermediate mounting bracket
(clamp) 6 will be described in detail below, making ref-
erence to Fig. 10 to Fig. 13.

Referring to Fig. 11, the intermediate mounting bracket
6 mainly consists of a holding-part composing member
70, an intermediate plate 71, and a holding plate 74.
The holding-part composing member 70 is formed by
bending a plate, so as to include a lower plate 72, an
upper plate 73, and an erecting portion (erecting wall) 75
connecting the both plates.

Specifically, the lower plate 72 is a flat plate with a forward
end in its longer direction folded back at 180 degrees so
as to form the upper plate 73.

There is a gap of a few millimeters between the lower
plate 72 and the upper plate 73.

When comparing the lengths of the lower plate 72 and
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the upper plate 73, the upper plate 73 is twice or more
the length of the lower plate 72, and more precisely, about
two to three times longer than that.

[0095] The upper plate 73, as shown in Fig. 11, has
lower portions and an upper portion. Specifically, the up-
per plate 73 is divided into three areas A, B, and C in its
longer direction, as seen in the figure. The lower portion
includes a front end area A and a rear end area C and
the upper portion includes a central area B. Herein, the
entire length of the upper portion (the central area B) is
about only one-third to one-quarter of the total.

It can be said that a large part of the upper portion (central
area B) faces the lower plate 72.

The lower portion (frontend area A, rear end area C) and
the upper portion (central area B) of the upper plate 73
both are parallel to the lower plate 72.

There are provided two hooks 77 at positions adjacent
to the central area B in the rear end area C. The hooks
77 are formed by making "U’ shaped cuts in the upper
plate 73 and taking off the cuts, facing the upper portion
(central area B).

[0096] The lower plate 72 has holes 100, 101 in two
rows and two columns. Specifically, as shown in Fig. 12,
there are provided two attaching holes 100a, 100b adja-
cent to the erecting portion 75.

Additionally, as shown in Fig. 13, there are provided two
attaching holes 101a, 101bin parallel to the two attaching
holes 100a, 100b. In sum, the lower plate 72 has four
holes 100a, 100b, 101a, 101b in total.

[0097] Onthe other hand, the upper plate 73 has holes
102a, 102b, 103a, 103b at positions corresponding to
the holes of the lower plate 72 described above, respec-
tively.

Herein, the two attaching holes 102a, 102b adjacent to
the erecting portion 75 among the four holes 102a, 102b,
103a, 103b formed in the upper plate 73 are located in
the upper portion (area B) and have larger diameters
than those of the holes 100a, 100b located beneath. In
contrast, the holes 103a, 103b away from the erecting
portion 75 are located in the lower portion (rear end area
C) and have substantially the same diameters as those
of the holes 101a, 101b located beneath.

The upper plate 73 further has attaching holes 80a, 80b
at positions adjacent to the rear end (positions away from
the erecting portion 75). The attaching holes 80a, 80b of
the upper plate 73 are slightly elongated holes.

The upper portion (central area B) of the upper plate 73
has two female screw holes 84a, 84b.

The distance Lb between the two attaching holes 100a,
100b (sic. 102a, 102b) adjacent to the erecting portion
75 in the lower plate 72 and the attaching holes 80a, 80b
adjacent to the rear end in the upper plate 73 satisfies a
formula"Lb=aw-OW?", as shown in Fig. 28, assuming that
the slate tile 2 has a width "aw" and a width "OW" of an
overlapping part.

In other words, the interval between each hole of the
lower plate 72 and each hole of the upper plate 73 is a
width of an exposed part of the roof member. Herein, the
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exposed part means a part excluding a part overlapped
with an adjacent roof member located in the ridge side
from the roof member in issue.

[0098] As to the detail of the holding-part composing
member 70, there are provided two weld beads 81 in the
longer direction at positions from the central part of the
upper plate 73 to the erecting portion 75. In this embod-
iment, the weld beads 81 each come around from the
intermediate part of the rear end area C through the upper
portion (central area B) and the front end area A up to
the erecting portion 75.

The holding-part composing member 70 has folded parts
82 (Figs. 12 and 13) at both ends in a width direction and
at positions corresponding to the above-mentioned weld
beads 81.

[0099] The weld beads 81 and the folded parts 82 de-
scribed above both are provided so as to improve a ri-
gidity of the holding-part composing member 70.

[0100] The intermediate plate 71 is, as shown in Figs.
11, 14, and 15, formed by bending a board in a step-like
pattern.

Specifically, the intermediate plate 71 has a first flat plate
85, a first step 86, a second flat plate 87, and a second
step (front erecting wall) 88 formed in this order.

The first flat plate 85 has two elongated holes 89. The
elongated holes 89 come to a wall surface of the first step
86, which also has elongated-hole continuations 90. The
elongated-hole continuations 90 each have a rectangular
shape with a width longer than that of a main part of the
above-mentioned elongated hole 89. More specifically,
the width is large enough for the insertion of a head of a
screw 91. In contrast, the main part of the elongated hole
89is designed in size being large enough for the insertion
of a neck of the screw 91 but impossible for the insertion
of the head.

The second step 88 has two female screw holes 92a, 92b.
The intermediate plate 71 has three weld beads formed
over the entire length thereof. The intermediate plate 71
further has folded parts not shown at both ends over the
entire length thereof.

[0101] The holding plate 74 is a member of an L-
shaped cross section, consisting of a front plate 94 and
a folded part 95.

The front plate 94 has two holes 96a, 96b.

[0102] The intermediate mounting bracket (clamp) 6 is
assembled, as shown in Figs. 10 and 14, so that the
intermediate plate 71 is placed on the holding-part com-
posing member 70 with the holding plate 74 attached to
the intermediate plate 71.

Specifically, the first flat plate 85 of the intermediate plate
71 is placed in contact with the upper portion (area B) of
the holding-part composing member 70. The elongated
holes 89 of the first flat plate 85 are respectively posi-
tioned with the female screw holes 84a, 84b of the hold-
ing-part composing member 70, into the positioned holes
the screws 91a, 91b are inserted and driven, thereby
securing the intermediate plate 71 to the upper portion
(area B) of the holding-part composing member 70.
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Herein, in this embodiment, as shown in Fig. 15, the elon-
gated holes 89 of the first flat plate 85 each come around
the wall surface of the first step 86, with the width of the
elongated-hole continuation 90 being larger than that of
the main part of the above-mentioned elongated hole 89
and enough for the insertion of the head of the screw 91.
Therefore, with the screws 91 loosened, gaps formed
between the heads of the screws and the first flat plate
85 allow the intermediate plate 71 to slide while the
screws 91 inserted in the female screw holes 84 of the
holding-part composing member 70, so that the interme-
diate plate 71 is attached and detached.

[0103] The holding plate 74 is attached to the second
step 88 by engaging the two screws 97a, 97b through
the holes 96a, 96b with the female screw holes 92a, 92b
of the intermediate plate 71.

Specifically, the rear surface of the front plate 94 of the
holding plate 74 is brought into contact with a surface of
the second step 88, so that the holes 96a, 96b of the
holding plate 74 are positioned with the female screw
holes 92a, 92b of the second step 88 respectively, in the
positioned holes the screws 97a, 97b are driven.
[0104] The intermediate mounting bracket 6 in which
the holding-part composing member 70, the intermediate
plate 71, and the holding plate 74 are attached together,
as shown in Figs. 10 and 14, has a first receptacle 105,
a second receptacle 106, and a third receptacle 107: the
first receptacle 105 is defined by the lower plate 72 and
the upper plate 73 and opens in one direction of the in-
termediate mounting bracket 6, the second receptacle
106 is defined by a part of the upper plate 73 and the
intermediate plate 71 attached to the upper plate 73 and
opens in a direction opposite to that of the above-men-
tioned first receptacle 105, and the third receptacle 107
is defined by a part of the intermediate plate 71 and the
holding plate 74 attached to the intermediate plate 71
and opens in the same direction as that of the first recep-
tacle 105.

The second receptacle 106 is arranged with an elasto-
meric foam (cushioning) 108 and a sealing member (seal
material) 109. The sealing member 109 is made of an
elastic body such as rubber, covering a wall surface and
a ceiling surface of the second receptacle 106.
Similarly, the third receptacle 107 is also arranged with
a sealingmember 110. The sealing member 110 is made
of an elastic body such as rubber, covering a wall surface
and a ceiling surface of the third receptacle 107. Herein,
the sealing member 110 consists of sealing pieces (seal
material) 111, 112. The sealing piece 111 is substantially
of alaterally-facing U-shaped cross section and attached
to an edge in a projecting direction of the folded part 95.
The sealing piece 112 is of an L-shaped cross section
and attached to the second flat plate 87 and the second
step 88.

[0105] Next, a construction procedure of the roof struc-
ture 1 of the present embodiment will be described in
detail below. The roof structure 1 in this embodiment is
constructed in such a manner that the slate tiles 2 are
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arranged outspread planarly in a row to form a plurality
of rows on a roof base having been firstly formed. In ar-
rangement of the slate tiles 2, the eaves-side mounting
brackets (eaves-side clamps) 5 and the intermediate
mounting brackets (clamps) 6 are attached.

In short, in this embodiment, the fundamental roof struc-
ture 3 is constructed before arrangement of the solar cell
modules 10.

[0106] The specific processes are as follows.
Referring to Fig. 16, a drip 68 at the eaves of the slate
tile 2 and then the eaves-side mounting brackets (eaves-
side clamps) 5 are arranged along the eaves of the roof
base. The front portion 60 of the connecting piece 51 of
the eaves-side mounting bracket 5 comes to a position
protruding a plate thickness (ml in Fig. 19) of the eaves-
side mounting bracket 5 from a length (tl in Fig. 19) of
the slate tile 2 protruding from the eaves side.

The eaves-side mounting bracket 5 is attached by insert-
ing fastening elements 115 such as wood screws or nails
into the attaching holes 59 of the lower plate 52 and en-
gaging the fastening elements 115 with the roof base.
The eaves-side mounting brackets 5 are attached without
intervals so as to have no space along the eaves seen
from a side of the front portion 60.

[0107] Referringto Fig. 17, with the eaves-side mount-
ing brackets 5 attached along the eaves, the roof-mem-
ber holding receptacle 64 defined by the lower plate 52,
the first front erecting portion 53, and the upper plate 55
opens toward the ridge.

[0108] As for the next process, slate tiles 2-1 of an
eaves-side first row are arranged. The slate tiles each
are held at its eaves-side edge by being fit into the roof-
member holding receptacle 64 of the eaves-side mount-
ing bracket 5 described above (Fig. 18).

The slate tiles each cover the entire upper area of the
lower plate 52 of the eaves-side mounting bracket 5, so
that the slate tile 2-1 of the eaves-side first row covers
the attaching holes 59 of the eaves-side mounting brack-
et 5. That protects the attaching holes 59 of the eaves-
side mounting bracket 5 from rain water seepage.
[0109] As described above, the slate tiles 2 each have
four attaching holes 12, through which nails or the like
116 are inserted and engaged with the roof base, and
whereby the middle part of the slate tile 2-1 is fixed.
Hence, as shownin Fig. 19, the slate tile 2-1 of the eaves-
side first row is held by the eaves-side mounting bracket
5 at its distal part and by the nails or the like 116 at its
middle part, so as to be stabilized as a whole.

[0110] Subsequently, slate tiles 2-2 of an eaves-side
second row are arranged.

The slate tiles 2-2 of the second row are arranged in the
same manner as the known roofing work, each with a
part of the slate tile 2-2 of the second row near the eaves
overlapping a part of the previously-arranged slate tile
2-1 of the first row near the ridge (Fig. 20).

The amount of an overlapping part of the slate tile 2-1 of
the first row and the slate tile 2-2 of the second row is
determined by an experimental rule. However, at least,
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the slate tile 2-2 of the second row overlaps the slate tile
2-1 of the first row so as to cover the attaching holes 12
thereof. As described above, since the attaching holes
12 of the slate tile 2 are aligned in a row near the center
of the slate tile 2 in the shorter direction, the width (OW)
of the overlapping part of the slate tile 2-1 of the first row
and the slate tile 2-2 of the second row is beyond 50 %
of the length of the slate tile 2 in the shorter direction.
[0111] Upon arrangement of the slate tiles 2-2 of the
second row, nails or the like 117 are inserted into the four
attaching holes 12 of each slate tile 2-2 of the second
row so as to be engaged with the roof base. At this time,
in this embodiment, the intermediate mounting brackets
(clamps) 6 are attached in parallel with this process.

A recommended process is, as shown in Figs. 21 and
22, to attach only the holding-part composing member
70 with the intermediate plate 71 detached from the as-
sembled intermediate mounting bracket 6.

[0112] More specifically, only the holding-part compos-
ing member 70 of the intermediate mounting bracket 6
is placed on the previously-arranged slate tile 2-2 of the
second row.

Herein, since the holding-part composing member 70 of
the intermediate mounting bracket 6 has the lower plate
72 and the upper plate 73, which are connected via the
erecting portion 75, the lower plate 72 is placed on the
slate tile 2-2 of the second row. Then, the holding-part
composing member 70 is attached by using either hole
of the two holes 100a, 100b located near the forward end
(near the erecting portion 75) among the four holes 100a,
100b, 101a, 101b formed in two rows and two columns
in the lower plate 72 of the holding-part composing mem-
ber 70. Specifically, either hole among the holes 12a,
12b, 12¢, 12d in the slate tile 2-2 of the second row and
either one of the holes 100a, 100b located near the for-
ward end of the holding-part composing member 70 are
visually positioned, in which positioned holes a screw is
driven so as to fix the holding-part composing member
70. At this time, since the slate tile 2-2 of the second row
is entirely exposed, the holes 12a, 12b, 12¢, 12d of the
slate tile are directly viewed. That facilitates positioning
of the holes 12a, 12b, 12¢, 12d of the slate tile with the
holes 100a, 100b of the holding-part composing mem-
bers 70.

[0113] Thoughtheupperplate 73 lies onthe lowerplate
72, the lower plate 72 has 102a, 102b at positions above
the holes 100a, 100b, through the holes 102a, 102b the
screw can be inserted into 100a, 100b of the lower plate
72.The holes 102a, 102b of the upper plate 73 are larger
than 100a, 100b of the lower plate 72, allowing easy turn-
ing of a driver.

With the holding-part composing member 70 fixed, the
first receptacle 105 defined by the lower plate 72, the
erecting portion 75, and the upper plate 73 opens toward
the ridge of the roof.

Further, screws or nails are driven in other holes than
the hole used for fixation of the holding-part composing
member 70 among the holes 12a, 12b, 12c, 12d of the
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slate tile of the second row, which is fixed to the roof base.
[0114] In this way, as shown in Fig. 23, upon comple-
tion of fixation of the slate tiles 2-2 of the second row,
slate tiles 2-3 of the third row are arranged as shown in
Fig. 24. The slate tiles 2-3 of the third row each are in-
serted into the first receptacle 105 of the intermediate
mounting bracket 6 by its distal part adjacent to the eaves
side. As described above, the first receptacle 105 opens
toward the ridge of the roof, facilitating insertion of the
slate tile 2-3 of the third row.

As shown in Figs. 24 and 25, the eaves-side edge of the
slate tile 2-3 of the third row enters the first receptacle
105 deeply. At this time, since the holes 100a, 100b of
the lower plate 72, in which the screws are inserted in
the previous process, are located within the above-men-
tioned first receptacle 105, insertion of the eaves-side
edge of the slate tile 2-3 of the third row into the first
receptacle 105 makes the slate tile 2-3 of the third row
to cover 100a, 100b of the lower plate 72. More specifi-
cally, the above-located slate tile except the attaching
holes covers 100a, 100b of the lower plate 72. That pro-
tects the holes 100a, 100b of the lower plate 72 from rain
water seepage.

[0115] Additionally, the slate tile 2-3 of the third row
lies below the entire area of the upper plate 73 of the
intermediate mounting bracket 6. As the next process,
as shown in Figs. 26 and 27, either hole of the attaching
holes 80a, 80b formed near the rear end of the upper
plate 73 of the intermediate mounting bracket 6 and either
hole among the holes 12a, 12b, 12¢, 12d of the slate tile
2-3 of the third row are positioned. A nail or the like (nail
or screw) 118 is inserted into the positioned holes, so as
to fix the intermediate mounting bracket 6.

For attachment of the intermediate mounting bracket 6,
itis preferable to use a hole (either one among 12a, 12b,
12c¢, 12d of the slate tile 2-3) with column-wise shift rel-
ative to the hole (the one among 12a, 12b, 12c, 12d of
the slate tile 2-2) having been used for insertion of the
screw or the like 117 in the slate tile 2-2 of the second row.
More specifically, as shown in Fig. 28, in a case where
the attaching hole 100a has been used to fix the lower
plate 72 among the attaching holes 100a, 100b located
in the forward end among the four attaching holes formed
in the lower plate 72, the hole 80b is used among the
holes 80a, 80b located at the rear end. In contrast, in a
case where the attaching hole 100b has been used to fix
the lower plate 72, the hole 80a is used as the hole in
the rear end.

In other words, the holes are selected so that a line con-
necting the hole in which the screw or the like 117 inserted
in the forward end with the hole in which the screw or the
like 118 is inserted in the rear end becomes oblique rel-
ative to a direction of tilt of the roof.

In this embodiment, the intermediate mounting brackets
6 are fixed with the screws shifted in this way, which
produces increased intensity of attachment of the inter-
mediate mounting brackets 6.

[0116] Either hole of the attaching holes 80a, 80b of
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the intermediate mounting bracket 6 and either hole
among the holes 12a, 12b, 12¢, 12d in the slate tile 2-3
of the third row are easily positioned because of direct
view of the holes with the upper plate 73 exposed above
the slate tile 2-3 of the third row.

The lower plate 72 does not lie under the attaching holes
80a, 80b formed adjacent to the rear end since the entire
length of the upper plate 73 is longer than that of the
lower plate 72. Thus, the screw or the like 118 is only
driven in either hole of the attaching holes 80a, 80b of
the upper plate 73 and either hole among the holes 12a,
12b, 12c, 12d of the slate tile 2-3, which can be done
visually by eyes. That produces high workability.

[0117] Subsequently, slate tiles 2-4 of the fourth row
are arranged. The arrangement of the slate tiles of the
fourth row is done substantially in the same manner as
the above-mentioned slate tiles 2-2 of the second row.
A part of the slate tile 2-4 of the fourth row near the eaves
overlaps a part of the previously-arranged slate tile 2-3
of the third row near the ridge (Fig. 29). The amount of
an overlapping part of the slate tile 2-3 of the third row
and the slate tile 2-4 of the fourth row is determined by
an experimental rule. However, at least, the slate tile 2-4
of the fourth row overlaps the slate tile 2-3 of the third
row so as to cover the attaching holes 12 (either one of
12a, 12b, 12c, 12d) thereof.

Thereby, the slate tile 2-4 of the fourth row covers the
attaching holes 80a, 80b of the intermediate mounting
bracket 6 and the fastening element 118 such as the nail.
More specifically, the above-located slate tile 2-4 except
the attaching hole (either one among 12a, 12b, 12c, 12d)
covers the attaching holes 80a, 80b of the upper plate
73. That protects the attaching holes 80a, 80b of the up-
per plate 73 from rain water seepage.

[0118] Then, as shown in Fig. 30, as well as the ar-
rangement in the second row, upon completion of the
arrangement of the slate tiles 2-4 of the fourth row, nails
or the like 119 are inserted into the four attaching holes
12 of each slate tile 2-4 of the fourth row so as to be
engaged with the roof base. At this time, the intermediate
mounting brackets 6 are attached in parallel with this
process. Attachment of the intermediate mounting brack-
ets 6 is done in the same manner as the work in the
second row. Then, as shown in Fig. 31, slate tiles 2-5 are
arranged in the same manner as the slate tiles 2-3 de-
scribed above.

[0119] In this way, the slate tiles 2 are arranged in the
fifth row, the sixth row, and sequentially up to the ridge.
Then, as shown in Fig. 32, the arrangement of the slate
tiles 2 on the roof base are completed, thereby accom-
plishing the fundamental roof structure 3.

As aresult, the eaves-side mounting brackets 5 are fixed
at the most eaves side on the roof and only the holding-
part composing members 70 of the intermediate mount-
ing brackets 6 are attached to alternate slate tiles 2.

As described above, in this embodiment, the intermedi-
ate mounting brackets 6 (the holding-part composing
members 70) are attached by using the four attaching

10

15

20

25

30

35

40

45

50

55

16

holes 12 of the slate tiles 2. In sum, a plurality of holes
for attachment formed in the intermediate mounting
brackets 6 (the holding-part composing members 70) and
the existing attaching holes 12 of the slate tiles 2 are
positioned and communicated with each other by the fas-
tening elements. That avoids the necessity of process
such as formation of additional holes for attachment in
the slate tiles 2 and the deterioration of strength due to
the holes additionally formed in the slate tiles 2. Besides,
the use of the slate tiles 2 without processing facilitates
the attachment work.

In this way, the holding-part composing members 70
each have a plurality of holes such as the holes 100 in
the lower plate 72 and the attaching holes 80 of the upper
plate 73. The fastening members are driven in those
holes (holes 100, attaching holes 80) and the attaching
holes 12 of the respective below-located roof members
(slate tiles 2). Those holes (holes 100, attaching holes
80) are covered with the roof members (slate tiles 2) from
above. That keeps the attached parts from being ex-
posed, ensuring the attachment with weatherproof and
deterioration resistance.

[0120] Subsequently, the solar cell modules 10 are ar-
ranged on the fundamental roof structure 3.

Further, in this embodiment, in arrangement of the solar
cell modules 10, wiring of the solar cell modules 10 is
done.

[0121] The solar cell modules 10 are arranged out-
spread planarly on the fundamental roof structure 3 in a
row to form a plurality of rows. However, the wiring is
simple and requires only connection of the cables of ad-
jacent solar cell modules 10 of the same row.

In this embodiment, as shownin Fig. 33, in adjacent solar
cell modules 10, 10, the first connector 20 of one solar
cell module 10 and the second connector 22 of the other
solar cell module 10 adjacent thereto are connected with
each other. That electrically connects the two adjacent
solar cell modules 10, 10 in parallel, as shown in Fig. 34.
Specifically, connection of the first connector 20 in white
attached to the first cable 16 in white with the second
connector 22 in black attached to the first cable 18 in
black allows parallel connection of the adjacent solar cell
modules 10, 10. Consequently, in the solar cell modules
10 in this embodiment, all the solar cell modules 10 of
the module row 36 are sequentially connected in parallel
by connection of the solar cell modules 10, 10 located
adjacently right and left by using the cables 16 and 18.

[0122] Now, a process of mounting of the solar cell
modules 10 on the fundamental roof structure 3 and a
cable wiring work performed in parallel will be described
below.

[0123] The solar cell modules 10 are arranged in order
of row from the eaves-side row.

By the construction of the fundamental roof structure 3
previously described, the eaves-side mounting brackets
5have been attached to the eaves. The eaves-side edge
(side from which no cable is extracted) of a solar cell
module 10-1 of the first row is engaged with the module
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holding receptacle 65 of the eaves-side mounting bracket
5.

Specifically, as shown in Fig. 35, the eaves-side mount-
ing bracket 5 has the module holding receptacle 65 de-
fined by the supporting plate 57, the second front erecting
portion 58, and the covering-plate composing portion 61,
the module holding receptacle 65 opening toward the
ridge of a building. Thus, the eaves-side edge of the solar
cell module 10-1 is slipped into the module holding re-
ceptacle 65 from the ridge side.

[0124] On the other hand, the ridge-side edge (side
from which the cables are extracted) of the solar cell mod-
ule 10-1 is, as shown in Fig. 36, placed on the front part
of the central area B of the holding-part composing mem-
ber 70 attached to the slate tile 2-2 of the second row.
Then, with the ridge-side edge of the solar cell module
10-1 placed on the front part of the central area B, the
intermediate plate 71 and the holding plate 74 are at-
tached to the holding-part composing member 70. In ac-
tual, the intermediate plate 71 and the holding plate 74
have been integrated in advance, so as to be attached
to the holding-part composing member 70 (Fig. 37).
[0125] More practically, with the screws 91a, 91b
loosely engaged with the female screw holes 84a, 84b
of the holding-part composing member 70 and with the
first flat plate 85 of the intermediate plate 71 placed over
the area B of the holding-part composing member 70,
the intermediate plate 71 is slid to the eaves side. There-
by, the heads of the screws 91a, 91b are made to pass
through the elongated-hole continuations 90 formed on
the wall surface of the first step 86 until the screws 91 a,
91 b reach the elongated holes 89.

Then, the screws 91a, 91b are fastened. The solar cell
module 10-1 is held at its surface by the rear surface of
the intermediate plate 71. In other words, the attachment
of the intermediate plate 71 and the holding plate 74 to
the holding-part composing member 70 forms the second
receptacle 106 defined by the area A of the upper plate
73 of the intermediate mounting bracket 6 and the inter-
mediate plate 71 placed on the upper plate 73. The ridge-
side edge of the solar cell module 10-1 is engaged with
the second receptacle 106.

[0126] In this state, the solar cell module 10-1, as
shown in Fig. 38, avoids being disengaged with the fun-
damental roof structure 3 with its opposed edges held,
as its eaves-side edge is engaged with the module hold-
ing receptacle 65 of the eaves-side mounting bracket 5
and its ridge-side edge is engaged with the second re-
ceptacle 106 of the intermediate mounting bracket 6.
Further, the cover 66 and the protector 67 are attached
to the module holding receptacle 65, with which the
eaves-side edge is engaged, thereby protecting the
eaves side of the solar cell modules 10-1 from beingdam-
aged and shaking.

Similarly, the elastomericfoam 108 and the sealing mem-
ber 109 are attached to the second receptacle 106 of the
intermediate mounting bracket 6, thereby protecting the
ridge side of the solar cell module 10-1 from being dam-
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aged and shaking.

[0127] Upon mounting of the solar cell modules 10-1
of the first row in this way, the cable wiring between ad-
jacent solar cell modules is performed.

Specifically, the first cable 16 and the second cable 18
of the adjacent solar cell modules 10-1, 10-1 are con-
nected.

[0128] Herein, in the solar cell module 10 in this em-
bodiment, the first cable 16 is formed shorter than the
second cable 18 as described above. Thus, in the solar
cell module 10, a worker can determine in a moment
whether the connector attached to the cable is the first
connector 20 or the second connector 22 by confirming
the length of the cable in issue.

[0129] Further, in the present embodiment, since the
cables 16 and 18 are extracted from the longer edge 150
of the solar cell module 10 near the ridge side, the con-
nection work of the connectors 20, 22 can be done at the
outer and upper side of the solar cell module 10. When
the solar cell module 10 of its upper row is arranged, the
wired cables 16 and 18 (including the connectors 20, 22)
are housed in the wiring storage space 41 of the solar
cell module 10 of the upper row.

Herein, in this embodiment, the intermediate mounting
bracket 6 has the hooks 77, into which the wired cables
are put, and whereby the cables are easily treated.
[0130] AsshowninFig.39,whenthesolarcellmodules
10-1 of the first row have been arranged, the slate tiles
2 of the upper row are still exposed and the hooks 77
disposed at the upper plates 73 of the intermediate
mounting brackets 6 are exposed outside.

Therefore, the cables connected as shown in Figs. 40,
41 are easily put into the hooks 77. The cables are po-
sitioned by being put in the hooks 77, so as to be pre-
vented from deviating from the hooks 77 toward the ridge.
[0131] Subsequently, solar cell modules 10-2 of the
second row are arranged.

As shown in Figs. 42 and 43, each solar cell module 10-2
of the second row is arranged between the intermediate
mounting brackets 6. As described above, the interme-
diate mounting brackets 6 are attached in every two slate
tiles 2.

The solar cell module 10-2 of the second row is fixed to
the intermediate mounting bracket 6 previously holding
the ridge-side edge of the solar cell module 10-1 (here-
inafter referred to as a lower intermediate mounting
bracket 6a) and the intermediate mounting bracket 6
(hereinafter referred to as an upper intermediate mount-
ing bracket 6b) attached at its upper side.

Specifically, the solar cell module 10-2 of the second row
is engaged with the third receptacle (module holding por-
tion) 107 of the lower intermediate mounting bracket 6a
at its eaves-side edge.

More specifically, the lower intermediate mounting brack-
et 6a has the third receptacle 107 defined by a part of
the intermediate plate 71 and the holding plate 74. The
third receptacle 107 opens toward the same direction as
that of the first receptacle 105, that is, toward the ridge.
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Therefore, the eaves-side edge of the solar cell module
10-2 is slipped into the third receptacle 107 of the lower
intermediate mounting bracket 6a from the ridge side,
and whereby the solar cell module 10-2 is engaged with
the third receptacle 107 of the lower intermediate mount-
ing bracket 6a at its eaves-side edge.

[0132] The third receptacle 107 of the lower interme-
diate mounting bracket 6a is located in the central area
B of the upper plate 73, or the upper portion. Thus, the
eaves-side edge of the solar cell module 10-2 of the sec-
ond row overlaps the ridge-side edge of the solar cell
module 10-1 of the first row.

[0133] On the other hand, the ridge-side edge (side
from which the cables are extracted) of the solar cell mod-
ule 10-2, similarly to the solar cell module 10-1 of the first
row, is placed on the front part of the central area B of
the above-located holding-part composing member 70
attached to the slate tile 2-4 of the fourth row (Fig. 42).
Then, with the ridge-side edge of the solar cell module
10-2 placed on the central area B, the intermediate plate
71 and the holding plate 74 is attached to the holding-
part composing member 70, so that the rear surface of
the intermediate plate 71 presses the ridge-side edge.
That forms the second receptacle 106 defined by the
front end area A and the central area B of the upper plate
73 of the upper intermediate mounting bracket 6b and
the intermediate plate 71 placed on the upper plate 73.
With the second receptacle 106 the solar cell module
10-2 is engaged at its ridge-side edge, so as to be held
at its opposed sides. That avoids the solar cell module
10-2 from being disengaged with the fundamental roof
structure.

[0134] Further, the sealing member 110 (omitted in
Figs. 42 and 43 for convenience of drawing, see Figs. 10
and 14)is attached to the third receptacle 107, with which
the eaves-side edge of the solar cell module 10-2 is en-
gaged, thereby protecting the eaves-side edge of the so-
lar cell module 10-2 from being damaged and shaking.
Similarly, the elastomericfoam 108 and the sealing mem-
ber 109 are attached to the second receptacle 106 of the
upper intermediate mounting bracket 6b, thereby protect-
ing the ridge-side edge of the solar cell module 10-2 from
being damaged and shaking.

[0135] Referringto Fig. 44, the previously-wired cables
16 and 18 of the solar cell modules 10-1, 10-1 of the first
row are put in the hooks 77 formed in the upper plate 73
of the lower intermediate mounting bracket 6a, being
housed in the wiring storage space 41 at the back of the
solar cell module.

Specifically, as described above, the solar cell module
10 has the heat-insulating and reinforcing member 23 at
its back, but no heat-insulating and reinforcing member
23 adjacent to its eaves-side edge, having a predeter-
mined space. In this embodiment, the cables are put in
the hooks 77 projecting from the vicinity of the fundamen-
tal roof structure, so as to be prevented from deviating
excessively to the ridge. Therefore, when the solar cell
module 10-2 of the second row is arranged, the heat-
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insulating and reinforcing member 23 of the solar cell
module 10-2 of the second row is prevented from step-
ping on the cables of the solar cell module 10-1 of the
first row.

[0136] Upon completion of the arrangement of all the
solar cell modules 10-2 of the second row in this way,
the cables are wired similarly to the foregoing case and
put in the hooks 77. Then, solar cell modules 10-3 of the
third row are further arranged. The solar cell modules 10
are sequentially arranged in this manner. Upon comple-
tion of the arrangement of the predetermined number of
rows, the flashing boards 11 are attached to the ridge-
side edges of the solar cell modules 10 of the top row,
and whereby the work is accomplished (Fig. 45).
[0137] In case of the roof structure 1 suffering from
rain, most of rain water flows on the solar cell modules
10 to the eaves, then falling from the eaves.

Though some rain water enters under the solar cell mod-
ules 10, the slate tiles 2 are arranged below the solar cell
modules 10, thereby preventing rain water from seeping
into a building. Further, every above-located slate tiles 2
covers all the attaching holes of the intermediate mount-
ing brackets 6, thereby keeping the attaching holes from
water rain seepage.

[0138] The description will be made, making reference
to Fig. 29, with the roof member (slate tile 2-3) whose
eaves-side edge is inserted into the first receptacle 105
of the intermediate mounting bracket referred to as a
"specific roof member", the roof member (slate tile 2-2)
located under the lower plate 72 of the intermediate
mounting bracket 6 and placed under the "specific roof
member" referred to as an "underlying roof member", and
the roof member (slate tile 2-4) overlapping the "specific
roof member" with a free eaves-side edge located on the
"specific roof member" referred to as an "overlying roof
member".

The intermediate mounting bracket 6 is attached to the
end part of the "specific roof member" with its lower plate
72 arranged between the "specific roof member" and the
"underlying roof member". The screw or the like (fasten-
ing element) 117 is inserted into the hole 100 (either one
of the holes 100a, 100b) of the lower plate 72 and further
into the attaching hole 12 of the "underlying roof mem-
ber", thereby fixing the lower plate 72 of the intermediate
mounting bracket 6 to the roof.

As described above, the roof members (slate tiles 2) are
arranged outspread planarly in a row to form a plurality
of row like fish’s scales with partly overlapped with their
adjacent roof members (slate tiles 2) and partly exposed
(see Fig. 32), so that the "specific roof member" is placed
on the "underlying roof member" in which the screw or
the like (fastening element) 117 is driven. Therefore, the
"specific roof member" covers the attaching holes 12 of
the "underlying roof member", thereby protecting the at-
taching holes 12 from rain water seepage.

Further, the upper plate 73 overlaps the "specific roof
member" with the screw or the like (fastening element)
118 inserted into the attaching hole 80 (either one of the
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attaching holes 80a, 80b) ofthe upper plate 73 and further
into the attaching hole 12 of the "specific roof member",
the screw or the like (fastening element) 118 fixing the
upper plate 73 of the intermediate mounting bracket 6 to
the base roof structure.

Further, the "overlying roof member" is placed over the
"specific roof member" in which the screw or the like 118
is inserted, so as to cover the attaching holes of the "spe-
cificroof member", thereby protecting the attaching holes
12 from rain water seepage.

[0139] The same can be said to the attaching holes 59
of the eaves-side mounting bracket 5, so that the slate
tile 2-1 of the first row covers those, thereby protecting
the attaching holes 59 from rain water seepage (Fig. 19).
Therefore, rain water entering under the solar cell mod-
ules 10, flowing on the slate tiles 2, and then reaching
the eaves. Herein, the fixing pieces 50 of the eaves-side
mounting bracket 5 are attached at appropriate intervals,
so that large gaps are formed between adjacent fixing
pieces 50. Thus, the rain water falls under the eaves
through the gaps (Fig. 47).

Consequently, rain water will never remain in the roof.
[0140] In terms of how the slate tiles 2 overlap in the
present embodiment, it can be said that the terminal box
14 in the back of each solar cell module 10 is positioned
ideally.

As described above, the slate tiles 2 overlap in each row
by 50 % or more of the length of the slate tile 2 in the
shorter direction. Referring to Fig. 46, there are portions
X1 where two slate tiles 2 overlap and portions X2 where
three slate tiles overlap on the roof base.

More specifically, each slate tile 2 is exposed at its eaves-
side distal end portion 128, which is always situated in
the portion X2 (The eaves-side distal end portion 128 of
the slate tile 2-3 is situated in the portion X2a, for exam-
ple). In contrast, another portion of each slate tile 2 be-
yond the portion 128 (toward the eaves) is situated in the
portion X1.

Thus, as to the height projecting upward from the roof
base, the portion (X2) where three slate tiles 2 overlap
projects largely, while the portion (X1) where two slate
tiles 2 overlap projects a little. In other words, the funda-
mental roof structure 3 has a patterned indented surface,
being most convex at the eaves-side distal end portion
128 of each slate tile 2 and being most concave there-
beyond.

[0141] On the other hand, the overlapped solar cell
modules 10 each are of a plate-like shape. Further, the
solar cell modules 10 each have a length in the shorter
direction longer than that of the slate tile 2, so as to be
arranged over the exposed parts of two slate tiles 2 (slate
tiles 2-3, 2-4).

Thus, a gap between the solar cell module 10 and the
surface of the slate tile 2 varies with location, the portion
(X1) where two slate tiles 2 overlap having a large gap
and the portion (X2) where three slate tiles 2 overlap
having a small gap.

[0142] Inthis embodiment, the terminal box 14 is fixed
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to the back of the solar cell module 10 with a glue or the
like in substantially the central part of the longer edge of
and near the upper part of the solar cell module 10 (Fig. 5)
[0143] The solar cell module 10 is held at its upper
edge by the intermediate mounting bracket 6 attached
to the distal end of the slate tile 2-4, so that the upper
edge of the solar cell module 10 is situated at the portion
(X2c) where three slate tiles overlap. Consequently, the
upper edge of the solar cell module 10 is situated at the
portion with the smallest gap between that and the sur-
face of the slate tile.

The solar cell module 10 is also held at its lower edge by
the intermediate mounting bracket 6, so that the lower
edge of the solar cell module 10 is also situated at the
portion (X2a) where three slate tiles overlap. Conse-
quently, the lower edge of the solar cell module 10 is
situated at the portion with the smallest gap between that
and the surface of the slate tile.

In this embodiment, the solar cell module 10 is arranged
over the exposed parts of two slate tiles 2-3, 2-4, so that
the distal end of the slate tile 2-4 also lies just under the
solar cell module 10. Consequently, the central part of
the solar cell module in the shorter direction is situated
atthe portion (X2b) where three slate tiles overlap. There-
fore, the central part of the solar cell module 10 is also
situated at the portion with the smallest gap between that
and the surface of the slate tile.

[0144] In contrast, other portions than the portions ad-
jacent to the upper and lower edges and to the central
part are situated at the portions (X1) where two slate tiles
overlap, having large gaps between the back of the solar
cell module 10 and the surfaces of the slate tiles.

In this embodiment, the terminal box 14 is situated at the
portion having the large gap.

In sum, the terminal box 14 of the solar cell module is,
as shown in Fig. 5, attached to a position in the substan-
tially center of the longer edge of the solar cell panel 13,
adjacent to the upper edge, and slightly inside of the up-
per edge.

[0145] This positionis located atthe portion (X1) where
two slate tiles overlap with the large gap between the
back of the solar cell module 10 and the surface of the
slate tile.

Therefore, according to the present embodiment, a
height of the solar cell modules 10 at its surface is made
close to a height of the slate tiles (base) at its surface,
which achieves a sense of unity of the solar cell modules
10 with the slated base roof.

Consequently, the roof structure in the present embodi-
ment is beautiful in appearance.

In other words, the solar cell modules 10 employed in
the present embodiment are thin, thereby easily bringing
a sense of unity with other portions of the roof in being
arranged on the roof, being beautiful.

[0146] Now, a procedure for maintenance of the roof
structure 1 in the present embodiment will be described
below.

In case of failure of one of the solar cell modules 10 for
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some reason, the one of the solar cell modules 10 needs
to be replaced. In the roof structure 1 in the present em-
bodiment, any solar cell module 10 at a discretionary
position can be demounted without difficulty.

In case of failure of one solar cell module 10 of the first
row, for example, the connecting pieces 51 of the eaves-
side mounting brackets 5 are detached as shown in Fig.
47. As described above, the connecting pieces 51 are
attached to the fixing pieces 50 with the screws 62, 63.
The screws 62, 63 are unscrewed, so that only the con-
necting pieces 51 are detached with the fixing pieces 50
remaining on the fundamental roof structure 3, as shown
in Fig. 47.

Detachment of the connecting pieces 51 takes off upper
sides of the module holding receptacles 65 (see Fig. 9,
etc.), thereby demounting the solar cell module.

[0147] In case of failure of one solar cell module 10 of
one row following the second row, the holding plates 74
of the intermediate mounting brackets 6 are detached,
as shown in Figs. 48 and 49. As described above, the
holding plates 74 are attached to the intermediate plates
71 with the screws 97a, 97b. The screws 97a, 97b are
unscrewed, so that only the holding plates 74 are de-
tached with the intermediate plates 71 remaining on the
fundamental roof structure 3, as shown in Fig. 48.
Detachment of the holding plates 74 takes off upper sides
of the third receptacles 107, thereby demounting the so-
lar cell module 10 upward, as shown in Fig. 49.

[0148] Theintermediate mounting bracket 6 employed
in the present embodiment is designed for the purpose
of being attached to a roof in construction of the funda-
mental roof structure 3, as described above, but also of
being attachable on the existing roof.

In the intermediate mounting bracket 6 employed in the
present embodiment, the lower plate 72 has the holes
100, 101 in two rows and two columns as described
above (see Figs. 11, 12, and 13). As previously men-
tioned, the intermediate mounting bracket 6 is attached
by using the two holes 100a, 100b, which are formed
near the forward end (near the erecting portion 75)
among the four holes 100a, 100b, 101a, 101b in total in
two rows and two columns, and the attaching holes 80a,
80b, which are formed near the rear end (farther from
the erecting portion 75) of the upper plate 73.

[0149] In contrast, in a case of attachment of the inter-
mediate mounting bracket 6 to the existing roof, the two
holes 101a, 101b near the rear end among the four holes
100a, 100b, 101a, 101b, which are formed in two rows
and two columns in the lower plate 72, are used without
using the attaching holes 80a, 80b near the rear end.
[0150] Now, a method of attachment of the intermedi-
ate mounting brackets 6 to the existing roof will be de-
scribed below.

In the existing roof, slate tiles 2 or the like have been
arranged outspread planarly in a row to form a plurality
of rows on a roof base with partly overlapped with their
adjacent roof members and with exposed at the remain-
ing part like fish’s scales.
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In attachment of the intermediate mounting bracket 6 to
the completed roof in this way, the lower plate 72 of the
intermediate mounting bracket 6 is inserted into an over-
lapping part of the slate tiles 2, as shown in Fig. 50.
That makes the lower plate 72 of the intermediate mount-
ing bracket 6 to slip under a specific slate tile 2 as shown
in Fig. 51 and thus to be invisible externally. On the other
hand, the upper plate 73 is exposed on the specific slate
tile 2 at its forward part and slipped under a tile overlap-
ping the specific slate tile 2 at its rear part.
Consequently, among the six holes 102a, 102b, 103a,
103b, 80a, 80b formed in the upper plate 73, the attaching
holes 80a, 80b near the rear end are covered with the
slate tile 2, but 102a, 102b, 103a, 103b formed in two
rows and two columns in the forward part are exposed
outside.

[0151] Then, the holes 103a, 103b near the rear end
among the exposed holes 102a, 102b, 103a, 103b in two
rows and two columns are used for the attachment of the
intermediate mounting bracket 6 to the existing roof. Spe-
cifically, fastening elements such as screws or nails are
directly inserted into the holes 103a, 103b. Naturally, pre-
pared holes may be drilled if needed.

When the screws or nails are driven in the holes 103a,
103b, the tips of those penetrate through the slate tile 2
into the lower plate 72 of the intermediate mounting
bracket 6.

Herein, in the intermediate mounting bracket 6 employed
in the present embodiment, the lower plate 72 just below
the holes 103a, 103b formed in the upper plate 73 has
the holes 101a, 101b (see Fig. 13). Therefore, when the
nails or the like are driven from the upper plate 73, the
tips of the nails or the like penetrate through the holes
101a, 101 b of the lower plate 72 way down, so as to be
engaged with the roof base. That ensures a stiff attach-
ment of the intermediate mounting bracket 6.

[0152] In the illustration of the embodiment described
above, the intermediate mounting bracket 6 has the up-
per plate 73 longer than the lower plate 72, but may have
those with the same length as shown in Fig. 52A. In em-
ployment of such a configuration, the lower plate 72
needs to have holes 121 just below the attaching holes
80a, 80b near the rear end of the upper plate 73. Further,
as shown in Fig. 52B, the lower plate 72 may be longer.
In employment of such a configuration, the lower plate
72 needs to have holes 121 near its rear end.

[0153] Inthe above-mentioned embodiment, the solar
cell module 10 has such a size to be arranged over ex-
posed parts of two slate tiles 2. However, the solar cell
module 10 may have a discretionary size, and may have
the same size as that of the slate tile 2 or such a size to
be arranged over exposed parts of three slate tiles 2.
However, since the presentembodiment has a basic con-
figuration in which the solar cell modules 10 are attached
to the intermediate mounting brackets 6 attached to the
eaves-side edges of the slate tiles 2, the solar cell mod-
ules 10 each have such a length in the shorter direction
as the length of the exposed parts of a plurality of slate
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tiles 2 and the length of the overlapping part of the solar
cell modules 10 combined.

[0154] The solar cell module 10 in the above-men-
tioned embodiment has the dividing groove 21 crossing
each unit solar cell 17 as a specific configuration (see
Fig. 3). The area (area B) above the dividing groove 21
is not connected to the terminal box 14.

This configuration is recommended for a lengthy life of
the solar cell modules 10. Specifically, the area B de-
scribed above is a part to fall under shadow for being
covered with the solar cell module 10 of a ridge-side row,
contributing to no electric generation. Thus, noinconven-
ience is caused in employing such the configuration that
the area (area B) above the dividing groove 21 provided
in the solar cellmodule 10 is not connected to the terminal
box 14.

[0155] This area forms a gap between the solar cell
modules 10 as shown in Fig. 1, resulting in anticipating
the possibility of unexpected failure caused by entry of
bugs, spiders, birds, and the like.

Specifically, in this embodiment, each solar cell module
10 is mounted via the intermediate mounting brackets 6.
The intermediate mounting brackets 6 each have a cer-
tain amount of thickness, which inevitably forms a gap
between the free eaves-side edge of each solar cell mod-
ule 10 and the underlying solar cell module 10, resulting
in letting bugs and the like invade into the gap. There is
fear, for example, that bees or ants might invade, so as
to build their nests.

Some fluid secreted by bugs, spiders, and the like causes
unexpected bad effect over the years. Formic acid se-
creted by ants, for example, which is a strong acid, might
corrode the solar cell modules 10 partly due to a long-
term contact therewith.

[0156] Alternatively, the area B falls under shadow by
being covered with the solar cell module 10 and shows
no sign from outside. That might allow mice to invade
from a gap of the flashing board 11, for example, the mice
gnawing the solar cell modules 10.

The area (area B) above the dividing groove 21 has a
possibility of an unexpected short circuit, breaking of
wire, or electric leakage. Additionally, since this area is
invisible externally, it is difficult to identify the cause of
failure in case of the failure. That causes worries to re-
place all the solar cell modules 10 in the result.

[0157] Thus, in this embodiment, the area fallen under
shadow by being covered with the solar cell module 10
of the ridge-side row is electrically separated by the di-
viding groove 21, which addresses the worries over ac-
cidents.

The configuration provided with the dividing groove 21
crossing each unit solar cell 17 in this way is recommend-
ed, but is not essential in the present invention and may
be employed at one’s discretion.

[0158] Inthe above-mentioned embodiment, the hold-
ing plate 74 of the intermediate mounting bracket 6 is a
member having an "L" shaped cross section, but is not
limited thereto. It is possible to employ a holding plate
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114 having a rectangular "U" shaped cross section, for
example, as shown in Fig. 53. The holding plate may be
appropriately modified in shape.

[0159] Further, in the above-mentioned embodiment,
the solar cell module 10 is provided with the heat-insu-
lating and reinforcing member 23 having the trough-like
portions 46, but the shape and the number of the heat-
insulating and reinforcing member are not limited thereto.
As shown in Fig. 54, for example, the solar cell module
10 may be provided with a heat-insulating and reinforcing
member 135a of a rectangular "U" shape seen from the
front at its central part and members 135b, 135c of a
substantially square shape seen from the front at its both
ends in the longer direction. The heat-insulating and re-
inforcing member may be modified in shape and number.
[0160] Besides, the above-mentioned embodiment il-
lustrates that the solar cell module 10 is mounted to the
fundamental roof structure 3 by using the two intermedi-
ate mounting brackets 6, but may be mounted by using
more than two mounting brackets depending on the in-
tervals of either two of the attaching holes 12 of the slate
tile 2 or an amount of the overlapping part OW of the
slate tiles 2.

[0161] Besides, the above-mentioned embodiment il-
lustrates that the lower plate 72, which is a part of the
holding-part composing member 70, is sandwiched be-
tween the slate tiles 2 overlapping in a step-like fashion,
but the holding-part composing member 70 is not limited
thereto in shape. The holding-part composing member
70 may be one plate so as to be entirely sandwiched
between the overlapping part of the roof members.
[0162] Now, across-sectional structure of the unit solar
cell 17 of the solar cell panel 13 in the above-mentioned
embodiment will be described below. Fig. 55 shows one
example of a conceptual diagram of a solar cell for simply
explaining a layer structure of the solar cell panel 13. The
solar cell panel 13, as shown in Fig. 55, consists of a
transparent conductive film 142, a semiconductor layer
143, and a back electrode film 144 sequentially laminated
on a glass substrate 141. A potential difference occurs
between the transparent conductive film 142 and the
back electrode film 144. In short, the transparent con-
ductive film 142, the semiconductor layer 143, and the
back electrode film 144 constitute a solar cell 140.
However, a voltage generated by one solar cell 140 is
extremely low, failing to reach a practical voltage by only
one solar cell 140. Hence, the embodiment devices
measures to increase to a practical voltage by forming a
plurality of grooves 15 in a thin film of the solar cell 140,
so as to divide it into a number of one-cell batteries (unit
solar cells 17) and electrically connect them in series.
Such a solar cell is referred to as an integrated solar cell.
[0163] Fig. 56 is a conceptual diagram explaining con-
ceptually a layer structure of an integrated solar cell con-
stituted in the solar cell panel 13 employed in this em-
bodiment.

The layer structure of an integrated solar cell 155 of the
solar cell panel 13 consists of the transparent conductive
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film 142, the semiconductor layer 143, and the back elec-
trode film 144 sequentially laminated on the glass sub-
strate 141, with grooves 156, 157, 158 formed in the re-
spective layer.

[0164] Specifically, the first grooves 156 are formed in
the transparent conductive film 142, which is divided into
a plurality of pieces. The second grooves (electrical con-
nection grooves) 157 are formed in the semiconductor
layer 143, which is divided into a plurality of pieces, fur-
ther with a part of the back electrode film 144 penetrating
inside of each second groove 157 to have contact with
the transparent conductive film 142 at the bottom of the
groove.

Additionally, there are provided the third grooves 158 cut-
ting the back electrode film 144 and the semiconductor
layer 143 and reaching the surface of the transparent
conductive film 142.

[0165] Further, adjacent to an end portion of the inte-
grated solar cell 155, there are provided three rows of
electrode connection grooves 159 cutting the back elec-
trode film 144 and the semiconductor layer 143 and
reaching the transparent conductive film 142. Solder 160
is introduced into the electrode connection grooves 159,
to which a lead 161 arranged on the laminated body is
connected. The lead 161 is communicated with the trans-
parent conductive film 142 via the solder 160. Though
not shown, the back electrode film 144 is also electrically
communicated via another lead 161 and another solder
160.

[0166] There is provided a separation groove 162
formed outside the electrode connection groove 159. The
separation groove 162 is, as shown in Fig. 56, formed
by cutting all three of the transparent conductive film 142,
the semiconductor layer 143, and the back electrode film
144,

[0167] Beside this, the dividing groove 21 crossing the
unit solar cells 17 is formed. The dividing groove 21 is,
as shown in Fig. 56, also formed by cutting all three of
the transparent conductive film 142, the semiconductor
layer 143, and the back electrode film 144.

[0168] Further,the glass substrate 141 has a bare area
165 with the laminated body removed at the outermost
portion.

Additionally, a further back surface of the above-men-
tioned back electrode film 144 is covered with a covering
film not shown.

[0169] In the integrated solar cell 155 constructed in
the solar cell panel 13, independent cells are formed by
zoning each thin film by the first groove 156 formed in
the transparent conductive film 142 and the third groove
158 formed in the semiconductor layer 143 (specifically
including a p layer, an i layer, and an n layer) and the
back electrode film 144. As described above, a part of
the back electrode film 144 penetrates into each second
groove 157, so as to have contact with the transparent
conductive film 142, so that one cell is electrically con-
nected to its adjacent cell in series.

Specifically, an electric current generated in the semi-
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conductor layer (solar cell film) 143 flows from the trans-
parent conductive film 142 toward the back electrode film
144. At this time, since a part of the back electrode film
144 has contact with the transparent conductive film 142
viathe second groove 157, the electric current generated
in the first cell flows to the transparent conductive film
142 of its adjacent cell. That adds a voltage sequentially.
[0170] Herein, the dividing groove 21 crossing each
unit solar cell 17 is formed as described above, thereby
constituting large and small integrated solar cells 163,
164. Since the dividing groove 21 is formed by cutting all
three of the transparent conductive film 142, the semi-
conductor layer 143, and the back electrode film 144 as
described above, the large and small integrated solar
cells 163, 164 are electrically insulated.

Only the integrated solar cell 163 in an area A (opera-
tional area) on the lower side of the figure is connected
to the terminal box 14. Meanwhile, the integrated solar
cell 164 in an area B (non-operational area) is not con-
nected to the terminal box 14

Specifically, the lead 161a in the area A (operational ar-
ea) provided in the end portion is connected to the ter-
minal box 14, whereas the lead 161b in the area B (non-
operational area) is not connected to the terminal box 14.
[0171] Each groove described above is formed by la-
ser-scribing using a laser beam machine. The bare area
165 is formed by a method such as sandblasting.
[0172] Itis preferable to use the above-mentioned in-
tegrated solar cell or the solar cell called a thin-film solar
cell as the solar cell module 10 in the present invention
because the solar cell module 10 can be designed thinly.
However, the solar cell used for the solar cell module 10
in the present invention is not limited to such a thin-film
solar cell or an integrated solar cell. It may be replaced
with a discretionary solar cell.

BRIEF DESCRIPTION OF NUMERALS
[0173]

1. roof structure

2. slate tile (roof member)

3. fundamental roof structure

5. eaves-side mounting bracket (eaves-side clamp)
6. intermediate mounting bracket (clamp)
10. solar cell module

50. fixing piece

51. connecting piece

52. lower plate

53. first front erecting portion 55. upper plate
56. rear erecting portion

57. supporting plate

58. second front erecting portion

60. front portion

61. covering-plate composing part

64. roof-member holding receptacle

65. module holding receptacle

70. holding-part composing member



43 EP 2 535 477 A1 44

71. intermediate plate

72. lower plate

73. upper plate

74. holding plate

75. erecting portion (erecting wall)
85. first flat plate

87. second flat plate

88. second step (front erecting wall)
94. front plate

95. folded part

108. elastomeric foam (cushioning)
109. sealing member (seal material)
111, 112. sealing piece (seal material)

Claims

A roof structure having a fundamental roof structure
and a plurality of solar cell modules arranged on the
fundamental roof structure,

wherein the fundamental roof structure is formed by
a plurality of roof members each provided with an
attaching hole, and

wherein the roof members are arranged outspread
planarly in a row to form a plurality of rows on a roof
base with partly overlapped with their adjacent roof
members and partly exposed and each are fixed to
the roof base by a fastening element driven in the
attaching hole,

the roof structure comprising a plurality of clamps,
wherein the clamps each comprise a plate-like hold-
ing part having a throughhole, the holding part being
partly or entirely sandwiched between the roof mem-
bers at their overlapping part and the fastening ele-
ment being driven in the attaching hole of the roof
member located below the holding part through the
throughhole, so that an overlying roof member locat-
ed above covers the throughhole with at least a part
other than the attaching hole, and

the solar cell modules being mounted on the funda-
mental roof structure via the clamps.

The roof structure as defined in claim 1,

wherein the holding part mainly consists of a lower
plate and an upper plate, the lower plate and the
upper plate being integrated with a gap therebe-
tween, the upper plate being longer than the lower
plate, and

wherein the clamp is attached either to an end portion
or near an end portion of a specific roof member so
thatthe lower plate is positioned between the specific
roof member and an underlying roof member located
below at least a part of the specific roof member.

The roof structure as defined in claim 1 or 2,
wherein the lower plate and the upper plate each
have a hole,

the fastening element being driven in the hole of the
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lower plate so as to be driven in the attaching hole
ofthe underlying roof member located below the spe-
cific roof member, so that the specific roof member
covers the hole of the lower plate with at least a part
other than the attaching hole, and

the upper plate being positioned between the spe-
cific roof member and the overlying roof member lo-
cated above the specific roof member and the fas-
tening element being driven in the hole of the upper
plate so as to be driven in the attaching hole of the
specificroof member, so that the overlying roof mem-
ber located above the specific roof member covers
the hole of the upper plate with at least a part other
than the attaching hole.

The roof structure as defined in claim 2 or 3,

the lower plate and the upper plate each having a
plurality of holes, and

the fastening element driven in the lower plate being
arranged at a shifted position in column-wise relative
to the fastening element driven in the upper plate.

The roof structure as defined in one of claims 2 to 4,
wherein the clamp has an intermediate plate located
on the upper plate and a holding plate located on the
intermediate plate,

the lower plate and the upper plate defining a first
receptacle opening in one direction relative to the
clamp,

a part of the upper plate and the intermediate plate
defining a second receptacle opening in a direction
opposite to that of the first receptacle, and

a part of the intermediate plate and the holding plate
defining a third receptacle opening in the same di-
rection as that of the first receptacle,

so that the first receptacle holds an eaves-side edge
of the specific roof member, the second receptacle
holds a ridge-side edge of the solar cell module, and
the third receptacle holds an eaves-side edge of the
solar cell module of a row located adjacently toward
a ridge.

The roof structure as defined in claim 5,
the holding plate being fixed to the intermediate plate
and being detachable from the intermediate plate.

The roof structure as defined in claim 5 or 6,
the intermediate plate being fixed to the upper plate
and being detachable from the upper plate.

The roof structure as defined in one of claims 5 to 7,
wherein the upper plate and the lower plate are con-
tinuous with each other via an erecting wall extend-
ing substantially upward in a vertical direction from
the lower plate,

the upper plate having a lower portion and an upper
portion continuous with the lower portion via a step
or a slope, both the lower portion and the upper por-
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tion being formed of flat plates, and

the intermediate plate having a first flat plate and a
second flat plate located above the level of the first
flat plate, the first flat plate and the second flat plate
being arranged substantially in parallel,

so that the upper portion of the upper plate and the
first flat plate of the intermediate plate are attachable
so as to slidably move in a horizontal direction.

The roof structure as defined in claim 8,

the intermediate plate having a front erecting wall
extending substantially upward in a vertical direction
from a front end of the second flat plate, and

the holding plate being formed by a front plate of a
flat-plate shape and a folded part of a flat-plate shape
extending in a horizontal direction from an upper
edge of the front plate in a substantially L-shaped
cross section,

so that the holding plate is attachable to the front
erecting wall from the front side.

The roof structure as defined in one of claims 5to 9,
at least one selected from a group consisting of the
first receptacle, the second receptacle and the third
receptacle having a seal material and/or a cushion-
ing,

the upper plate having hooks for hanging a cable,
the fastening element being a screw, and

the roof member being a slate tile.

A clamp for a solar cell module for mounting a solar
cell module on a building,

wherein the building has a fundamental roof struc-
ture formed by a plurality of roof members arranged
outspread planarly in a row to form a plurality of rows
on a roof base, the roof members each being previ-
ously provided with an attaching hole,

wherein the clamp comprises a lower plate and an
upper plate each having an attaching hole, the holes
being distantly positioned, and has an intermediate
plate located on the upper plate and a holding plate
located on the intermediate plate,

the lower plate and the upper plate defining a first
receptacle opening in one direction relative to the
clamp,

a part of the upper plate and the intermediate plate
defining a second receptacle opening in a direction
opposite to that of the first receptacle, and

a part of the intermediate plate and the holding plate
defining a third receptacle opening in the same di-
rection as that of the first receptacle,

so that the first receptacle is designed to hold an
eaves-side edge of the specific roof member, the
second receptacle is designed to hold a ridge-side
edge of the solar cellmodule, and the third receptacle
is designed to hold an eaves-side edge of the solar
cell module of a row located adjacently toward a
ridge.

10

15

20

25

30

35

40

45

55

24

EP 2 535 477 A1

12.

13.

14.

15.

16.

17.

18.

46

The clamp as defined in claim 11,
the upper plate being longer than the lower plate.

The clamp as defined in claim 11 or 12,
the holding plate being fixed to the intermediate plate
and being detachable from the intermediate plate.

The clamp as defined in one of claims 11 to 13,
the intermediate plate being fixed to the upper plate
and being detachable from the upper plate.

The clamp as defined in one of claims 11 to 14,
wherein the upper plate and the lower plate being
continuous with each other via an erecting wall ex-
tending substantially upward in a vertical direction
from the lower plate,

the upper plate having a lower portion and an upper
portion continuous with the lower portion via a step
or a slope, both the lower portion and the upper por-
tion being formed of flat plates, and

the intermediate plate having a first flat plate and a
second flat plate located above the level of the first
flat plate, the first flat plate and the second flat plate
being arranged substantially in parallel,

so that the upper portion of the upper plate and the
first flat plate of the intermediate plate are attachable
so as to slidably move in a horizontal direction.

The clamp as defined in claim 15,

the intermediate plate having a front erecting wall
extending substantially upward in a vertical direction
from a front end of the second flat plate, and

the holding plate being formed by a front plate of a
flat-plate shape and afolded part of a flat-plate shape
extending in a horizontal direction from an upper
edge of the front plate in a substantially L-shaped
cross section,

so that the holding plate is attachable to the front
erecting wall from the front side.

The clamp as defined in one of claims 11 to 16,

at least one selected from a group consisting of the
first receptacle, the second receptacle and the third
receptacle having a seal material and/or a cushion-
ing, and

the upper plate having hooks for hanging a cable.

A method for mounting a solar cell module on a build-
ing by using the clamp as defined in one of claims
11 to 17, comprising the steps of:

arranging the roof member on the roof base of
the building;

placing the lower plate of the clamp on the roof
member;

positioning the attaching hole of the roof mem-
ber with the hole of the lower plate so as to drive
the fastening element in the positioned holes;
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inserting the specific roof member in between
the lower plate and the upper plate of the clamp
so as to hold the specific roof member in the first
receptacle;

further positioning the attaching hole of the spe-
cific roof member with the hole of the upper plate
so as to drive the fastening element in the posi-
tioned holes; and

placing another roof member on the specific roof
member so that the other roof member covers
the attaching hole of the specific roof member.

A roof structure having a fundamental roof structure
and a plurality of solar cell modules arranged on the
fundamental roof structure,

wherein the fundamental roof structure is formed by
a plurality of roof members each provided with an
attaching hole, and

wherein the roof members are arranged outspread
planarly in a row to form a plurality of rows on a roof
base with partly overlapped with their adjacent roof
members and partly exposed and each are fixed to
the roof base by a fastening element driven in the
attaching hole,

the roof structure having a plurality of clamps,
wherein the clamps each comprise a plate-like hold-
ing part having a plurality of holes,

at least one of the holes being communicated with
the attaching hole of the specific roof member with
the fastening element driven in the communicated
holes and at least one of the remaining holes being
communicated with the attaching hole of the roof
member of an adjacent row to the specific roof mem-
ber with the fastening element driven in the commu-
nicated holes, and

the solar cell modules being mounted on the funda-
mental roof structure via the clamps.

The roof structure as defined in claim 19,

the holding part being partly or entirely sandwiched
between the roof members at their overlapping part,
through the holes the fastening elements being driv-
en in the attaching hole of the underlying roof mem-
ber located below the holding part, so that the over-
lying roof member covers the holes with at least a
part other than the attaching hole.

The roof structure as defined in claim 19 or 20,
wherein the holding part mainly consists of integrat-
ed lower and upper plates, the upper plate being
longer than the lower plate and the lower plate and
the upper plate each having a hole, and

wherein the clamp is attached either to an end portion
or near an end portion of a specific roof member,
the lower plate being positioned between the specific
roof member and an underlying roof member located
below at least a part of the specific roof member, and
the fastening element being driven in the hole of the
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lower plate and in the attaching hole of the roof mem-
ber located below the specific roof member, so that
the specific roof member covers the hole of the lower
plate with at least a part other than the attaching
hole, and

the upper plate being positioned between the spe-
cific roof member and an overlying roof member lo-
cated above the specific roof member, and the fas-
tening element being driven in the hole of the upper
plate and in the attaching hole of the specific roof
member, so that the overlying roof member located
above the specific roof member covers the hole of
the upper plate with at least a part other than the
attaching hole.

The roof structure as defined in claim 21,

the lower plate and the upper plate each having a
plurality of holes, and

the fastening element driven in the lower plate being
arranged at a shifted position in column-wise relative
to the fastening element driven in the upper plate.

The roof structure as defined in claim 21 or 22,
wherein the clamp has an intermediate plate located
on the upper plate and a holding plate located on the
intermediate plate,

the lower plate and the upper plate defining a first
receptacle opening in one direction relative to the
clamp,

a part of the upper plate and the intermediate plate
defining a second receptacle opening in a direction
opposite to that of the first receptacle, and

a part of the intermediate plate and the holding plate
defining a third receptacle opening in the same di-
rection as that of the first receptacle,

so that the first receptacle holds an eaves-side edge
of the specific roof member, the second receptacle
holds a ridge-side edge of the solar cell module, and
the third receptacle holds an eaves-side edge of the
solar cell module of a row located adjacently toward
a ridge.

The roof structure as defined in claim 23,
the holding plate being fixed to the intermediate plate
and being detachable from the intermediate plate.

The roof structure as defined in claim 23 or 24,
the intermediate plate being fixed to the upper plate
and being detachable from the upper plate.

The roof structure as defined in one of claims 23 to
25,

the upper plate and the lower plate being continuous
with each other via an erecting wall extending sub-
stantially upward in a vertical direction from the lower
plate,

the upper plate having a lower portion and an upper
portion continuous with the lower portion via a step
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or a slope, both the lower portion and the upper por-
tion being formed of flat plates, and

the intermediate plate having a first flat plate and a
second flat plate located above the level of the first
flat plate, the first flat plate and the second flat plate
being arranged substantially in parallel,

so that the upper portion of the upper plate and the
first flat plate of the intermediate plate are attachable
so as to slidably move in a horizontal direction.

The roof structure as defined in claim 26,

the intermediate plate having a front erecting wall
extending substantially upward in a vertical direction
from a front end of the second flat plate, and

the holding plate being formed by a front plate of a
flat-plate shape and a folded part of a flat-plate shape
extending in a horizontal direction from an upper
edge of the front plate in a substantially L-shaped
cross section,

so that the holding plate is attachable to the front
erecting wall from the front side.

The roof structure as defined in one of claims 23 to
27,

at least one selected from a group consisting of the
first receptacle, the second receptacle, and the third
receptacle having a seal material and/or a cushion-
ing,

the upper plate having hooks for hanging a cable,
the fastening element being a screw, and

the roof member being a slate tile.

A clamp for a solar cell module for mounting a solar
cell module on a building,

wherein the building has a plurality of roof members
each provided with an attaching hole, the roof mem-
bers being arranged outspread planarly in a row to
form a plurality of rows on a roof base in such a man-
ner as to be overlapped with their adjacent roof mem-
bers with constant overlapping portions and to be
exposed at the remaining part without overlapping
and each being fixed to the roof base by a fastening
element driven in the attaching hole,

the clamp mainly consisting of a lower plate and an
upper plate each having an attaching hole, the holes
of the lower plate and the upper plate having an in-
tervalin size subtracting the length of the overlapping
portion from the width of the roof member.

The clamp as defined in claim 29,

the upper plate being longer than the lower plate,
wherein the clamp has an intermediate plate located
on the upper plate and a holding plate located on the
intermediate plate,

the lower plate and the upper plate defining a first
receptacle opening in one direction relative to the
clamp,

a part of the upper plate and the intermediate plate
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defining a second receptacle opening in a direction
opposite to that of the first receptacle, and

a part of the intermediate plate and the holding plate
defining a third receptacle opening in the same di-
rection as that of the first receptacle,

so that the first receptacle is designed to hold an
eaves-side edge of the specific roof member, the
second receptacle is designed to hold a ridge-side
edge ofthe solar cell module, and the third receptacle
is designed to hold an eaves-side edge of the solar
cell module of a row located adjacently toward a
ridge.

The clamp as defined in claim 30,
the holding plate being fixed to the intermediate plate
and being detachable from the intermediate plate.

The clamp as defined in claim 30 or 31,
the intermediate plate being fixed to the upper plate
and being detachable from the upper plate.

The clamp as defined in one of claims 30 to 32,
the upper plate and the lower plate being continuous
with each other via an erecting wall extending sub-
stantially upward in a vertical direction from the lower
plate,

the upper plate having a lower portion and an upper
portion continuous with the lower portion via a step
or a slope, both the lower portion and the upper por-
tion being formed of flat plates, and

the intermediate plate having a first flat plate and a
second flat plate located above the level of the first
flat plate, the first flat plate and the second flat plate
being arranged substantially in parallel,

so that the upper portion of the upper plate and the
first flat plate of the intermediate plate are attachable
so as to slidably move in a horizontal direction.

The clamp as defined in claim 33,

the intermediate plate having a front erecting wall
extending substantially upward in a vertical direction
from a front end of the second flat plate, and

the holding plate being formed by a front plate of a
flat-plate shape and afolded part of a flat-plate shape
extending in a horizontal direction from an upper
edge of the front plate in a substantially L-shaped
cross section,

so that the holding plate is attachable to the front
erecting wall from the front side.

The clamp as defined in one of claims 30 to 34,

at least one selected from a group consisting of the
first receptacle, the second receptacle, and the third
receptacle having a seal material and/or a cushion-
ing, and

the upper plate having hooks for hanging a cable.

A method for mounting a solar cell module on a build-
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ing by using the clamp as defined in one of claims
29 to 35, comprising the steps of:

arranging the roof member on the roof base of

the building; 5
placing the lower plate of the clamp on the roof
member;

positioning the attaching hole of the roof mem-

ber with the hole of the lower plate so as to drive

the fastening element in the positioned holes; 10
inserting the specific roof member in between

the lower plate and the upper plate of the clamp

so as to hold the specific roof member in the first
receptacle;

further positioning the attaching hole of the spe- 15
cific roof member with the hole of the upper plate

so as to drive the fastening element in the posi-
tioned holes; and

placing another roof member on the specific roof
member so that the other roof member covers 20
the attaching hole of the specific roof member.
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Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2011
Kokai Jitsuyo Shinan Koho 1971-2011 Toroku Jitsuyo Shinan Koho 1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2007-291814 A (Kyocera Corp.), 1
A 08 November 2007 (08.11.2007), 2-36

paragraphs [0017], [0018], [0027], [0028],
[0031], [0033], [0041], [0042]; fig. 1, 3
(Family: none)

X JP 08-232413 A (Kabushiki Kaisha Yaneharu), 1

A 10 September 1996 (10.09.1990), 2-36
fig. 6
(Family: none)

X JP 2008-274046 A (Matsushita Electric 19

A Works, Ltd.), 1-18,20-36

13 November 2008 (13.11.2008),
paragraph [0030]; fig. 5 to 7
(Family: none)

Further documents are listed in the continuation of Box C. EI See patent family annex.
* Special categories of cited documents: “T”  later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

combined with one or more other such documents, such combination

“O”  document referring to an oral disclosure, use, exhibition or other means 1 . ) !
being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than

the priority date claimed “&”  document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
25 February, 2011 (25.02.11) 08 March, 2011 (08.03.11)
Name and mailing address of the ISA/ Authorized officer
Japanese Patent Office
Facsimile No. Telephone No.
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DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 2006/043658 Al (Kyocera Corp.), 5-18,23-28,
27 April 2006 (27.04.2000), 30-36
fig. 17
& JP 2006-120959 A & JP 2006-120960 A
& JP 2006-278700 A & JP 2006-148043 A
& JP 2006-307627 A & US 2008/0264470 Al
& EP 1813738 Al

A JP 2003-082824 A (Ichiro NAKAJIMA), 5-18,23-28,
19 March 2003 (19.03.2003), 30-36
fig. 1, 2
(Family: none)

A JP 2002-276096 A (Asahi Kasei Corp.), 1-36

25 September 2002 (25.09.2002),
fig. 1 to 4
(Family: none)
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Box No. IT Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. I:l Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Such a configuration that “a hole for a nail in a roof tile a through-hole
of a supporting member in a photovoltaic power generation device are
simultaneously fixed by a fixing member, and are covered by (the upper) roof
tiles” is disclosed in the document 1 (JP 2007-291814 A (Kyocera Corp.), 8
November 2007 (08.11.2007), [0017], [0018], [0027], [0028], [0031], [0033],
[0041], [0042], fig. 1, fig. 3).

(continued to extra sheet)

L. I:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

1S

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

l:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:I No protest accompanied the payment of additional search fees.
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Continuation of Box No.III of continuation of first sheet (2)

The invention in claim 1 cannot be considered to be novel in the light
of the invention described in the document 1, and does not have a special
technical feature.

Consequently, claims other than claims 2 - 10, 18, 21 - 28, 36 (claim
listobealsoincluded) which are linkedby the special technical feature
of the invention in claim 2 lack unity.
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Claim 3 referring to claim 1 is unclear. The wording relevant to
“the afore-said” concerning “the afore-said lower plate member”, “the
afore-said specific roof member” and “the afore-said upper plate member”
is not appeared in claim 1. Interpretation concerning claim 1 has been
made except the wording “the afore-said”.

The wording in claim 11 such that “in a fitting tool for a solar cell
module, which has a previously provided hole for fitting” is unclear.
From the contents in the description, it has been deemed that the roof
member has a previously provided hole.

Claim36referringtoclaim29isunclear. Thewording“theafore-said”
concerning “the afore-said specific roof member” is not appeared in claim
29. Interpretation concerning claim 29 has been made except the wording
“the afore-said”.
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REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 3609298 B [0006]
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