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Roof Apparatus

Background of invention

The present invention relates to a roof apparatus suitable

for a solar energy collec*ing roof.

Description of the Related Art

The applicant of the present invention has disclnsed a
light collecting frame for a roof as Japanese Patent Laid-Open
Pubiication No. 241157/1991. The light collecting frame has a
transparent plate which is disposed in a space defined by a
transparent plate support member, a lower horizontal member,
and an upper horizontal member. t a lower front end of the
lower horizontal member, a recess which is fitted to the upper
horizontal member is defined. On an upper surface at an eaves
side edge of the lower horizontal member, a transparent plate
contact wall which has nearly the same thickness as the

transparent plate is disposed.

Summary of the Invention

An object of the present invention is to provide a roof
apparatus for having a well drainage in the eaves direction of
the roof, effectively flashing a connecting portion between a
lower horizontal member and an upper horizontal member,

preventing dust, rubbish, and the like from staying on the
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upper surface of a transparent plate, and suppressing a
decrease of light collecting efficiency.

The present invention is a roof apparatus, comprising a
plurality of light collecting members, each of the light
collecting member having a pair of (left and right) vertical
members, an upper horizontal member, a lower horizontal member,
and a transparent plate, the upper horizontal member being
disposed at a ridge side end of the vertical members, the lower
hor;zontal member being disposed at an eaves side end of the
vertical members, the transparent plate being disposed on the
inner periphery of the vertical members, the upper horizontal
member, and the lower horizontal member, the light collecting
members being connected in a slope direction of a roof, wherein
the lower horizontal member has a trensparent plate holding
piece, a transparent plate contact wall, and a cover piece, the
transparent plate holding piece being adapted to hold an eaves
side end of the transparent plate, the transparent plate
contact wall having the thickness which is smaller than the
thickness of the transparent plate, the cover piece being
adapted to cover an upper portion of the upper horizontal
member of an adjacent eaves side light collecting member and
extending from the upper end of the transparent plate contact
wall.

The vertical members each comprises a plurality of water

proof protrusions longitudinally formed at an upper end of the




inner surface of the vertical wall, a horizontal protrusion
piece disposed on the inner surface at the lower end of the
vertical wall, and a vertical support leg being disposed at the
inner end of the horizontal extrusion piece and vertically
extending.

The vertical wall and the vertical support leg each define
a ventilation notch at the lower end on an eaves side end and a
ridge side end thereof.

‘The upper horizontal member comprises a sash-shaped
horizontal piece, an upright wall disposed in the longitudinal
direction on the upper surface of the horizontal piece, a
horizontal upper surface being disposed at the upper end of the
upright wall and extending on an eaves side of the roof, the
horizontal upper surface being in parallel with the horizontal
piece, a water reflecting wall folded to a ridge ~ide end of the .
horizontal upper surface, a transparent plate support groove
defined between the horizontal piece and the horizontal upper
surface, and a fitting engagement piece having a downward
extend portion, a first bend portion, and a second bend
portion, which are connected in succession, the downward extend
portion extending on the lower surface of the horizontal piece,
the first bend portion bending on an eaves side, the second bend
portion bending upwardly.

The forward end of the cover piece downwardly bends, the

lower surface thereof having a water proof protrusion.




The transparent plate holding piece has a curved water
proof agqueduct disposed at a ridge side edge and curves
downwardly in the eaves direction of the roof.

The vertical members each have a transparent plate support
member disposed along the inner surface therecf.

The transparent plate support member comprises a hollow
transparent plate holding frame, a space means formed in the
longitudinal direction.at an upper portion of an inner wzll of
the transparent plate holding wall, the: space means being
adabted to allow the transparent plate to be held, and a gro,ve
means formed in the longitudinal direction on an outer surface
of the transparent plate holding frame.

The roof apparatus further comprises a plurality of
connecting members disposed in the slope direction of the roof
at predetermined intervals, a light collecting member fittiag
mounted on each of the connecting members, and an engagement
hook upwardly extending on the ridge side of the roof to the
light collecting member fitting end engaging with a fitting
engagement piece of the upper horizontal member.

The engagement hook is disposed on each of a ridge side and
an eaves side of the light collecting member fitting.

The light collecting member fitting comprises a lower
across piecé, and an upper holding piece disposed on the upper
surface of the lower across piece.

Since the eaves side end surface of the transparent plate




is in contact with the transparent plate contact wall, the
eaves side end of the transparent plate is supported. Thus,
since the upper surface of the eaves side end of the transparent
plate is not closed, the area of the transparent plate becomes
wide. As a result, the solar energy collecting efficiency is
improved. Since the upper surface of the transparent plate is
higher than the upper surface cf the cover piece, rain water
flows from the transparent plate to the upper surface of the
light collecting member on the eaves side through the upper
surface of the cover piece. Thus, the rain water is smoothly
drained. 1In addition, since the cover piece is engaged with the
upper horizontal member, the splashing of rain water can be
prevented.

The transpaient plate contact wall which is thinner than
the transparent plate is disposed at an eaves side end of the
transparent plate holding piece. Moreover, the cover piece
which covers the upper horizontal member of an adjacent light
collecting member is disposed at the upper end of the
transparent plate contact wall, the transparent plate at the
eaves side end more protrudes than the lower horizontal member.
Thus, rain water which flows on the upper surface of the ligi:t
collecting member does not stay. Instead, the rain water is
gquickly drained to the eaves side. In addition, the rain water
does not enter the engagement portion between the upper

horizontal member and the lower horizontal member. Moreover,




dust and rubbish neither adhere to the ridge side end surface
of the lower horizontal member, nor stay on the upper surface
of the transparent plate. Thus, the light transmitting
efficiency is not lowered. Furthermore, since all portions
except for the connecting member and the lower horizontal
member can be formed as light collecting surface, the light
collecting efficiency is high. When the roof apparatus is used
as a solar energy collecting roof where photo-cells are
disposed on the lower surface of the transparent plate, the

energy collecting efficiency becomes very high.

Brief Description of the Drawings

Fig. 1 is a perspective view showing principal portions cf
a roof apparatus;

Fig. 2 is an overall perspective view showing the roof
apparatus;

Fig. 3 is a plan view showing a light collecting member;

Fig. 4 is a sectional view taken along line A - A of Fig. 3;

Fiq. 5 is a sectional view taken along line B - B of Fig. 3;

Figj. 6 is a side view showing a vertical member;

Fig. 7 is a sectional view of the vertical member;

Fi¢g. 8 is a side view showing an upper horizontal member;

Fig. 9 is a sectional view showing the upper horizontal
member :

Fig. 10 is a side view showing a lower horizontal member;




Fig. 11 is a sectional view showing the lower horizontal
member;

Fig. 12 is a side view showing a transparent plate support
member;

Fig. 13 is a sectional view showing the transparent plate
support member;

Fig. 14 is a perspgctive view showing the light ccllecting
member to which the vertical member has not been mounted;

_Fig. 15 is a perspective view showing a notch of an eaves
side end of the light collecting member:;

Fig. 16 is a perspective view showing a ridge side end of
the lignt collecting member;

Figs. 17 (a), (b), and (c) are views for comparing three
types of light collecting members which differ from each other
in different lengths;

Fig. 18 is a perspective view showing a light collecting
member assembling jig to which a lower horizontal member
alignment member has not been mounted;

Fiygy. 19 is a perspective view showing principal portions of
the light collecting member assembling jig to which the lower
horizontal member alignment member is being mounted;

Fig. 20 is a perspective view showing the light collecting
member assembling jig to which the lower horizontal member
alignment member has been mounted;

Fig. 21 is a perspective view showing a first step for




assembling the light collecting member;

Fig. 22 is a perspective view showing a second step for
assembling the light collecting member;

Fig. 23 is a perspective view showing a third step for
assembling the light collecting member;

Fig. 24 is a perspective view showing a fourth step for
assembling the light collecting member;

Fig. 25 is a perspéctive view showing a fifth step for
assembling the light collecting member;

. Fig. 26 is a perspective view showing a sixth step for

assembling the light collecting member;

Fig. 27 is a sectional view showing the sixth step for
assembling the light collecting member;

Fig. 28 is a sectional view showing a sixth step for
assembling a long type light collecting member;

Fig. 29 is a sectional view showing a sixth step for
assembling a short type light collecting member;

Fig. 30 is a sectional view showing principal portions of
a roof apparatus which has been adjusted to standard width:

Fig. 31 is a sectional view showing principal portions of
the roof apparatus whose width has been adjusted outwardly in
the lateral direction of the roof backing:

Fig. 32 is a sectional view showing the principal portions
of the roof apparatus whose width has been adjusted inwardly in

the lateral direction of the roof backing;




Fig. 33 is a sectional view showing a gable of the roof
apparatus;

Fig. 34 is a sectional view showing a first step for
connecting the light collecting member in the slope direction
of the roof;

Fig. 35 is a sectional view showing a second step for
connecting the light collecting member in the slope direction
of the roof;

Fig. 36 is a sectional view showing a third step for
connecting the light collecting member in the slope direction
of the roof;

Fig. 37 is a perspective view of a light collecting member
fitting;

Fig. 38 is a perspective view showing another light
collecting member fitting:;

Fig. 39 is a perspective view showing principal portions of
a connecting member to which the light collecting member
fitting has been mounted;

Fig. 40 is a sectional view showing the roof apparatus
being repaired or inspected;

Fig. 41 is a perspective view showing the roof apparatus
being repaired or inspected:;

Fig. 42 is a perspective view showing principal portions of
a roof apparatus according to a second embodiment of the

present invention;




Fig. 43 is a side view showing a vertical member according
to ti.2 second embodiment;

Fi_ . 44 is an exploded perspective view showing one side of
a light collecting member according to the second embodiment;

Fig. 45 is an exploded perspective view showing the other
side of the light collecting member according to the second
embodiment;

Fig. 46 is an exploded sectional view showing principal
portions of the light collecting member according to the second
embodiment;

Fig. 47 is a perspective view showing one side of the light
collecting member according to the second embodiment;

Fig. 48 is a perspective view showing the other side of the

. light collecting member according to the second embodiment;
i'ui Fig. 49 is a sectional view showing principle portions of
:::h - the light collecting member according to the second embodiment;
":L Fig. 50 is a perspective view showing principal portions of

the roof apparatus according to the second embodiment to which

se oo the light collecting member has not been connected;
i:?: Fig. 51 is a perspective view showing a roof member
o e fitting:;

Fig. 52 is a perspective view showing the roof member
fitting which is mounted to a horizontal beam;
veseel Fig. 53 ’s a rear view showing the roof member fitting which

is mounted to the horizontal beam;
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Fig. 54 is a side view showing a first step for mounting the
roof member fitting to the horizontal beam;

Fig. 55 is a side view showing a second step for mounting
the roof member fitting to the horizontal beam;

Fig. 56 is a side view showing a third step for mounting the
roof member fitting to the horizontal beam;

Fig. 57 is a side view showing a fourth step for mounting
the roof member fitting to the horizontal beam;

Fig. 58 is @ horizontal sectional view showing a roof:

Fig. 59 is a vertical sectional view showing a center
portion of the roof;

Fig. 60 is a vertical sectional view showing an eaves
portion of the roof;

Fig. 61 is a plan view showing a lower connecting member;

Fig. 62 is a perspective view showing another roof member
fitting;

Fig. 63 is a perspective view showing another roof member
fitting which is mounted to the horizontal beam;

Fig. 64 is a rear view showing another roof member fitting
which is mounted to the horizontal beam;

Fig. 65 is a vertical sectional view showing the another
roof member fitting which is mounted at the roof center
portion;

Fig. 66 is a vertical sectional “"iew showing the roof

member fitting which is mounted at the roof eaves portion;
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Fig. 67 is a plan view showing a connecting member which is
contacted;

Fig. 68 is a plan view showing the connecting member which
is in normal state; and

Fig. 69 is a plan view showing the connecting member whicn

is expanded.

Detailed Description of the Preferred Embodiments

In Fig. 2, a roof apparatus 1 is mounted on a gabled roof.
Thehroof apparatus 1 comprises intermediate connecting members
2, light collecting members 3, lateral connecting members 4,
and lateral front base members 5. The intermediate connecting
members ¢ are disposed in the slcpe direction of the roof
backing at predetermined intervals. Between adjacent
intermediate connecting members 2, the light collecting members
3 are disposed. On the most gable sides of the roof apparatus
1, the lateral connecting members 4 are disposed instead of the
intermediate connecting members 2. Outside the lateral
connecting member 4, the lateral front base member 5 is
disposed.

As shown in Figs. 3 to 5, the light collecting member 3
comprises a pair of (left and right) vertical members 6, an
upper horizontal member 7 (disposed between ridge side ends of
the vertical members 6), a lower horizontal member 8 (disposed

between the eaves side ends of the vertical members 6),
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transparent plate support members 9 (disposed along the inner
surfaces of the vertical members 6, the upper horizontal member
7, and the lower horizontal member 8), and a transparent plate
10 such as glass plate or acrylic resin plate (disposed on the
inner periphery of a square frame defined by such members,;. On
the nearly entire rear surface of the transpa—ent plate 10,
photo-cells are disposed. The photo-cells converts solar
energy into electric energy.

As shown in Figs. 6 and 7, the vertical member 6 has a
wertical wall 11. At an upper end portion on the inner surface
of the vertical wall 11, a pl''rality of water proof protrusions
12 are longitudinally formed. At the lower end of the inner
surface of the vertical wall 11, a horizontal protrusion piece
13 is disposed. At the inner end of the horizontal protrusion
piece 13, a vertical support leg 14 is disposed. The vertical
support leg 14 vertically protrudes.

At an eaves side end portion of the vertical wall 11, a
mounting hole 15 is defined. At a ridye side end portion of the
vertical wall 11, a mounting hole 16 is defined. The distance
between the lowest water proof protrusion 12 and the mounting
hole 15 is smaller than the distance between the lowest water
proof protrusion 12 and the mounting hole 16. At the lower ends
on the eaves side and the ridge side of the vertical wall 11 and

the vertical support leg 14, ventilation notches 17 are

defined.
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As shown in Figs. 8 and 9, the upper horizontal member 7 has
a sash-shaped horizontal piece 18. The horizontal piece 18
extends in the direction perpendicular to the eaves and ridge
directions. On the upper surface of the horizontal piece 18,
an upright wall 30 is longitudinally disposed. At the upper end
of the upright wall 30, a horizontal upper surface 19 which is
in parallel with the horizontal piece 18 extends on the eaves
side is formed. The ridge side end of the horizontal upper
surface 19 is folded so as to form a water reflecting wall 20.
Between the horizontal piece 18 and the horizontal upper

surface 19, a transparent plate support groove 21 is defined.

A hollow curved groove 36 is longitudinally defined at the
eaves side end of the horizontal piece 18. On the ridge side

upper surface of the horizontal piece 18, a drainage groove 22

e %ot is formed. On the lower surface of the horizontal piece 18, a
;%;i - fitting engagement piece 23 is formed. The fitting engagement
.:§; piece 28 downwardly extends from the lower surface of the

L horizontal piece 18, bends on the eaves side, and upwardly

oo 00, bends.

Q:?; As shown in Figs. 10 and 11, the lower horizontal member 8

has a horizontally sash-~shaped transparent plate holding piece

LN 24. On the upper surface of the eaves side edge of the

transparent plate holding piece 24, a transparent plate contact
wall 25 is formed. The thickness of the transparent plate

contact wall 25 is smaller than the thickness of the




transparent wall 10. A cover piece 26 extends in the eaves
direction on the upper end of the transparent plate contact
wall 25. The cover piece 26 covers the horizontal upper surface
19 of the upper hcrizontal member 7. The forward end of the
cover piece 26 downwardly bends. On the lower surface of the
cover piece 26, a water proof protrusion 27 is formed. At the
ridge side edge of the transparent plate holding piece 24, a
curved water proof aquéduct 28 which downwardly bends in the
eaves direction is formed. At the connecting portion between
the transparent plate holding piece 24 and the curved water

proof aqueduct 28, a hollow curved groove 29 is formed.

As shown in Figs. 12 and 13, the transparent plate support
member 9 has a hollow trinsparent plate holding frame 31. At an
upper portion of the inner wall of the transparent plate

% o holding frame 31, a space 32 into which the transparent plate
o"oe® . is inserted is longitudinally defined. At an upper portion of
the outer surface of the transparent plate holding frame 31, a
se recess 33 which prevents water from entering due to capillary
2a ao action is longitudinally defined. At both end portions in the
ridge and eaves directions on the outer wall of the transparent

plate holding frame 31, fixing holes 34 which match the

J200e, mounting holes 15 and 16 are defined, respectively.
Next, the assembling of the light collecting member 3 will

be described. As shown in Fig. 14, the eaves side end of the

transparent plate 10 is disposed on the upper surface of the
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transparent plate holding piece 24 of the lower horizontal
member 8. The eaves side end of the transparent plate 10 is
inserted into the transparent plate support groove 21 of the
upper horizontal member 7. Both the lateral ends of the
transparentA-pg:aﬂt- 10 are inserted into the transparent nlate
holding frame 31 of the transparent plate support member 9. The
four sides of the transparent plate 10 are supported by the
above-described members through packings. The eaves side end
of the upper surface of the transparent plate 10 is more

protruded than the cover piece 26 of the lower horizontal

member §.

Thus, the height of the lower horizontal member 8 is lower

than the height of the transparent plate 10. Thus, rain water

2%t which flows on the upper surface of the transparent plate is
:"::' quickly drained on the eaves side. Therefore, .dust and rubbish
. " never stay on the transparent plate 10.

Next, the outer surface of the transparent plate support

.00, member 9 is contacted with the inner surface of the vertical

oo wall 11 of the vertical member 6. The transparent plate support
member 9 is mounted on the vertical member 6 with a

LI predetermined angle so that the eaves side end of the

transparent plate support member 9 is higher than the ridge

side end. As shown in Fig. 15, a screw 37 is inserted into the
eaves side mounting hole 15 of the vertical member 6, the eaves

side fixing hole 34 of the transparent plaite support member 9,
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and the hollow curved grocove 29. As shown in Fig. 16, a screw

]

-3~84is inserted into the ridge side mounting hole 16 of the
vertical member 6, the riclge side fixing hole 34 of the
transparent plate support member 9, and the hollow curved
groove Zo of the vpper horizontal member 7. Thus, the light

collecting member 3 is assembled.

The length of the ;oof apparatus 1 in the slope direction
of the roof dep2nds cn the size of the building and the slope of
the roof thereof. Thus, by a ccmbination of a plurality of
light collecting members 3 which differ from each other in
lengths, the roof apparatus 1 is mounted on the roof of the
building. Fig. 17 (a) shows a shorter light collecting member
3; Fig. 17 (b) shows a longer light collecting member 3; and
Fig. 7 (c) shows a much longer light collecting member 3. The
upper surface at the eaves side end of the transparent plate
support member 9 is contacted with the lower surface of the
lowest wafer proof protrusion of the vertical member 6. The
light collecting member 3 is assembled so that the height of the
lower surface of the fitting engagemant piece 23 of the upver
horizontal member 7 is equal to the height of the upper end of
the vertical support leg 14 of the vertical member 6. The -
height of thle transparent plate support member 3 mounted on the
vertical member 6 is constant regardless of the length of the

light collecting member 3. The angle between the transparent

plate support member 9 and the vertical member 6 is
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disproportional to the length of the light collecting member 3.

Thus, when the transparent plate support member 9 and the
vertical member 6 are independently produced, they can be
extrude-molded. Even if the slope angle of the roof changes,
the angle between the transparent plate support member 9 and
the vertical member 6 can be adjusted with the same members.

As shown in Fig. 18, with a light collecting member
assembling jig 39, the vertical member 6 and the transparent
plate support member 9 are aligned.

The light collecting member éssembling jig 39 is slightly
longer than the longest light collecting member 3. Along both
the edyes in the lateral direction of a bottom plate 40 with
nearly the same width as the light collecting member 3, a side
wall 41 with nearly the same inner shape as the cuter surface of
the vertical member 6 is vertically disposed. Along.one edge
in the longitudinal direction of the bottom plate 40, a rear
wall 42 is vertically disposed. Along the lower end on the
inner surface of the side wall 41, a vertical member support
groove 43 is defined. In addition, inside the vertical member
support groove 43, an upper horizontal member alignment
protrusion 44 is longitudinally disposed. At an intermediate
portion in the lateral direction of the bottom plate 40, a pair
of (left and right) pressure member guide grooves 49 are
longitudinally defined.

On the upper surface of the upper horizontal member

18
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alignment protrusion 44, a slide gfoove 45 is longitudinally
defined. The distance between thz bottom surface of the
vertical member support groove 34 and the upper surface of the
upper horizontal member alignment protrusion 44 is nearly the
same as the height of the vertical support leg 14 of the
vertical member 6. At an upper portion of the rear wall 42, a
vertical member fixing wall 46 is disposed. The vertical
member fixing wall 46 which recesses for the length nearly
equal to the distance between the upright wall 30 of the upper
hor‘izontal member 7 and the ridge side end of the horizontal
piece 18. At one end portion in the longitudinal direction of
the side wall 41, a round hole 47 which matches the ridge side
mounting hole 16 is defined. At the other end in the
longitudinal direction of the side wall 41, an elcngate hole 48
is longitudinally defined with the same height as the eaves
side mounting hole 15 of the vertical member 6.

As shown in Fig. 19, the length of the lower horizontal
member alignment member 50 is longer than the difference
between the longest light collecting member 3 and the shortest
light collecting member 3. At the upper end of a hanging piece
51, a lower horizontal member support wing piece 52
horizontally extends. An engagement protrusion 53 is inserted
into the slide groove 45 at the lower end of the hanging piece
51. Above the engagement protrusion 53, a contact wing piece

54 is disposed. The contact wing piece 54 is disposed on the
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upper surface of the upper horizontal member alignment
protrusion 44.

The engagement protrusion 53 of the lower horizontal
alignment member 50 is slid along arrow a from the other end in
the longitudinal direction of the slide groove 45. As shown in
Fig. 20, the lower horizontal alignment member 50 is mounted at
the other end in the longitudinal direction of the upper
horizontal member alignment protrusion 44.

_As shown in Fig. 21, the pair of (left and right) vertical
members 6 arc lowercd along arrow b. The vertical support leg
14 is inserted into the vertical member support groove 43. As
shown in Fig. 22, the ridge side edge of the vertical member 6
is contacted with the vertical member fixinyg wall 46 of the rear
wall 42. Thus, the light collecting member 3 is assembled.

Next, as shown in Fig. 23, the light collecting member 10
is assembled to the inner periphery of a frame where the lower
horizontal member 8, the upper horizontal member 7, and the
transpdrent plate support members 9 have been formed in a
guadrilateral shape. The frame is inserted into an opening of
the other end in the longitudinal direction of the light
collecting member assembling jig 39 along arrow ¢. As shown in
Fig. 24, the frame is fitted to the inner surface of the
vertical member 6. As shown in Fig. 27, the fitting engagement
piece 23 of the upper horizontal member 7 is placed on the upper

surface of the upper horizontal member alignment protrusion 44.
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The curved water proof aqueduct 28 of the lower horizontal
member 8 is placed cn the upper surface of the lower horizontal
member support wing piece 52 of the lower horizontal member
alignment member 50. The upper surface of the eaves side end of
the transparent plate support member 9 is contacted to the
lower surface of the lowest water proof protrusion 12 of the
vertical member 6.

Thus, the heights measured from the eaves side end and the
ridge side end of the transparent plate support member Y to the
vertical member 6 are determined regardless of the length of
the light collecting member 3. As a result, a standard light
collecting member 3 can be placed in the frame by changing the
slope of the transparent plate 10.

In Fig. 25, a light collecting member contact member 60
comprises a horizontal surface 61, a reverse L-shaped pressure
wall 62, a suspending piece 63, and engagement grooves 64. The
reverse L-shaped pressure wall 62 is in contact with the curved
water proof aqueduct 28 of the lower horizontal member 8 at one
end in the lateral direction of the horizontal surface 61 which
is slightly shorter than the lower horizontal member 8. The
suspending piece 63 downwarcly extends at the other end in the
lateral direction of the horizontal surface 61. At each of the
erids in the longitudinal direction of the suspending piece 63,
an engagement groove 64 which engages with the lower horizontal

member support wing pieces 52 of the lower horizontal member
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alignment members 50 is defined. A pressure member 65 which
pressures the light collecting member contact member 60
comprises a sliding piece 66, bolt holes 70, a protrusion 67,

a screw hole 68, and a sliding wall 69. The sliding piece 66 is
placed on the upper surface of the pressure member guide groove
49. At each of the end portions of the sliding piece 66, a bolt
hole 70 is defined. At a center portion on the upper surface of
the sliding piece 66, the protrusion 67 is formed. At an upper
por;ion of the protrusion portion 67, the screw hole 68 is
defined along the pressure .ember guide groove 49. On the lower
surfaces at each of the lateral ends of the sliding piece 66,
the sliding wall 69 is formed.

As shown in Figs. 26 and 27, tne light collecting member
contact member 60 is inserted into one end in the longitudinal
direction of the light collecting member assembling jig 39 so
that the light collecting member contact member 60 intersects
with the pressure member guide groove 49. The engagement
groove 64 is fitted to the lower horizontal member support wing
piece 52 of the lower horizontal member alignment member 50.
The light coliecting member contact member 60 is slid and
pushed in the direction uf allow a until the pressure wall 62
comes in contact with the curved water proof agqueduct 28 of the
pressure wall 62, the upright wall 30 of the upper horizontal
member 7 comes in contact with the vertical member fixing wall

46, and the ridge side end of the horizontal piece 18 comes in
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contact with a lower recess portion of the vertical fixing wall
46.

Next, bolts 71 are upwardly inserted into the bolt holes 70
of the pressure member 65. A head portion of the bolt 71 is
fitted to the pressure member guide groove 49. The sliding
piece 66 is placed on the upper surface of the pressure member
guide groove 49. The sliding wall 69 is contacted with the

outer surface of the pressure member guide groove 49. The

sligling wall 69 is slid along the arrow a. When the sliding
wall 69 is positioned close to the light collecting member
contact member 60, a nut 72 fitted to the bolt 71 is tight:ned
so as to fix the pressure member 65. A support beolt 73 is
inserted into the screw hole 68. The forward end of the
% pressure bolt 73 is pressed to the pressure wall 62 of the light
e®es’ collecting member contact member 60. The screw 37 is inserted
into the hollow curved groove 27 of the lower horizontal member
vetsee 8 through the elongate hole 48 of the light collecting member
. assembling jig 39 and the mounting hole 15 of the vertical
:::’2 member 6. The screw 38 is inserted into the hollow curved
groove 36 of the upper horizontal member 7 through the round
Jovee, hole 47 of the light collecting member assembling jig 39 and the
mounting hole 16 of the vertical member 6. Thus, the light
collecting member 3 is assembled. Thereafter, the pressure
member 65 and the light collectirg member contact member 60 are

removed. Next, the light collecting member 3 is extracted from
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the light collecting member assembling jig 39.

When the light collecting member 3 is assembled with the
light collecting member assembling jig 39, the heights measured
from the eaves side end and the ridge side end of the
transparent plate support member 9 to the vertical member 6 are
automatically cobtained regardless of the lergth of the light
collecting member 3. As shown in Fig. 28, when the light
collecting member is long, the angle bhetween the vertical
member 6 and the transparent plate support member 9 becomes
large. As shown in Fig. 29, when the light collecting member 3
is dull, the angle between the vertical member 6 and the
transparent plate support member 9 becomes sharp. Thus, the
upper horizontal member 7, the lower horizontal member 8, and
thebtransparent plate support member 9 can be easily aligned to
the verticai members 6. As a result, these members can be
easily assembled even if the slope angle of the transparent
plate 10 changes corresponding to the length of the light
collecting member 3.

As shown in Fig. 30, the intermediate connecting member 2
chmprises a lower connecting member 80, an upper connecting
member 81, and a connecting member cover 82. The upper
connecting member 81 is placed above the lower connecting
member 80. The connecting member cover 82 is placed above the
upper connecting member 81. At each of the lateral ends of the

lower connecting member 80, a lower width adjusting space 74 is
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longitudinally defined. The lower width adjusting space 74
downwardly opens. At each of'the lateral ends of the upper
connecting member 81, an engagement groove 75 laterally
protrudes. The engagement groove 75 upwardly opens. An upper
width adjustment space 76 which downwardly opens is defined
between the lower surface of each of the lateral ends of the
connecting member cover 82 and the upper connecting member 81.

As shown in Fig. 33, the lateral connecting member 4

comprises a lateral lower connecting member 80', a lateral
uppér cornecting member 81', and a lateral connecting member
cover 82'. At an outer portion cf the lateral connecting member
4, the light collecting me:mber 3 is not disposed. Thus, the
engagement grooye 75 and the upper width adjusting space 76 are
not defined. Instead of the lower width adjusting space 74, a
wide lateral front base member holding space 83 is defined.
Since the construction of the inner portions of the lateral
lower connecting member 80', the lateral upper connecting
m:mber 81', and the lateral connecting member cover 82' is
nearly the same as that of the intermediate connecting member
2, the similar portions are denoted by similar reference
numerals and the description thereof is omitted.

The light collecting member 3 is connected in the lateral
direction of a roof in the following manner. First, the
connecting members 2 and 4 are disposed in the slope direction

of the roof backing. On the upper surface of the roof backing,
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a metal water proof plate 77 is placed. Upright water proof
walls 78 formed on both the lateral edges of the water proof
plate 77 are placed in the lower width adjusting spaces 74 of
the connecting members 2 and 4.

Next, the light collecting member 3 is spaced apart from
the water proof plate 77. The lower end of the vertical support
leg 14 of the vertical.member 6 is inserted into the engagement
groove 75 of each of the connecting members 2 and 4. The
vertical wall 11 of the vertical member 6 is inserted into the
upper width adjusting space 76 of each of the connecting member
2 and 4. Thus, a space for preventing water from entering due
to capillary action is defined between the lower surface of the
connecting member cover 82 and the upper end of the vertical
wall 11.

When the total of the widths of the light collecting member
3 and the connecting members 2 and 4 correctly matches the width
of the roof backing, the upright water proof wall 78 of the
water proof plate 77 and the vertical wall 11 of the vertical
member 6 are placed at the center portion of the lower width
adjusting space 74 and at the center portion of the upper width
adjusting space 76, respectively (see Fig. 30). However, as
shown in Fig. 31, when the width of roof backing is large, the
upright water proof wall 78 and the vertical wall 11 are placed
at an outer edge position of the lower width adjusting space 74

and at an outer edge position of the upper width adjusting space
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76, respectively. As shown in Fig. 32, when the width of roof
backing is small, the upright water proof wall 78 and the
vertical wall 11 are placed at center positions of the
connecting members 2 and 4, respectively. Thus, the difference
between the distance of rcof backing and the distance of the
connecting members 2 and 4 can be adjusted. Even if the lignt
collecting member 3 and the water proof plate 77 shrink or
expand due to heat changes, the difference of these widths can
be §bsorbed.

As shown in Fig. 33, a water reflecting upright wall 84
disposed at the inner edge of the lateral front base member 5 is
placed in a lateral front base member holding space 83 of the
lateral connecting member 4. The position of the water
reflecting upright wall 84 is moved in the lateral direction.
Thus, as with the light collecting member 3 and the water proof
plate 77, since the width of the water reflecting upright wall
84 can be adjusted, the affecticon of the shrinkage and
expansion thereof by heat can be absorbed.

As shown in Fig. 34, the light collecting member 3 is
connected in the slope direction of the roof. First, light
ccllecting member fittings 85 are mounted in the engagement
groove 75 of each of the connecting members 2 and 4 at
predetermined intervals. As shown in Fig. 35, the lower end of
the vertical support leg 14 of the light collecting member 3 is

downwardly inserted into the engagement groove 75 disposed
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between the light collecting member fittings 85. The lower end
of the fitting engagement piece 23 of the upper horizontal
member 7 is contacted with the upper surface of the light
collecting member fitting 85. The cover piece 26 of the lower
horizontal member 8 is placed on the upright wall 30 of the
upper horizontal membar 7 of the light collecting member 3
mounted on the eaves side. Next, the light collecting member

3 is slid in the eaves direcxz.on. As shown in Fig. 36, the
fitﬁing engagement piece 23 of the upper horizontal member 7 is
engaged with a reverse L-shaped engagement hook 86 formed on
the upper surface of the ligh* collecting member fitting 85 so
as to fix the upper horizontal member 7. The horizontal upper
surface 19 of the upper horizontal member 7 of the light
collecting member 3 on the eaves side is covered with the cover
piece 26 of the lower horizontal member 8. The curved water
proof aqueduct 28 of the lower horizontal member 8 is fitted to
the lower surface of the ridge side end of the horizontal
surface 18 of the upper horizontal member 7 of the light
collecting member 3 on thz :aves side.

Ac this time, the light collecting member fitting 85 is
placed in the ventilation notch 17 defined at each of the ridge
side end and the eaves side end of the light collecting member
3.

When the light collecting members 3 are connected in the

slope direction of the roof, since the connecting end portions
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of the light collecting members 3 are overlapped, the
transparent plates 10 are inclined to the roof. However, since
the moun<ting height of the transparent plate support member 9
to the vertical member 6 is constant, even if the lengths of the
light collecting members 3 differ from each other and thereby
the slope angles of the transparent plates 10 differ from each
other, the vertical members 6 can be mounted in parallel with
the roof. |

Fig. 37 shows the light collecting member fitting 85. At
a cénter portion on the top surface of an across sash piece 87
which is disposed across the engagement grooves 75 of the
connecting members 2 and 4, a bolt through-hole 88 is defined.
At an eaves side portion and an ridge side portion on the upper
surface of the across sash piece 87, reverse L-shaped
engagement hooks 86 and 86' are disposed. The front ends of the
engagement hooks 86 and 86' face on the ridge side.

Fig. 38 shows another type of light collecting member
fitting 85 which comprises a H-shaped lower across piece 89 and
an upper holding piecr 90. The upper holding piece 90 is placed
on the upper surface of the lower across piece 89. At center
portions of the lower across piece 89 and the upper holding
piece 90, through-holes 88 and 88' are defined. When the upper
holding piece 90 is placed on the lower across piece 89, the
through-hole 88 matches the through-hole 88'. At an eaves side

portion and a ridge side portion on the upper surface cf the
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upper holding piece 90, reverse L-shaped engagement hooks 86
and 86' are disposed, respectively. The front ends of the
engagement hooks 86 and 86' face on the ridge side of the roof.

As shown in Fig. 39, the light collecting member fitting 85
is mounted. In other words, the across sash piece 87 or the
lower across piece 89 is placed on the upper surface of the
engagement groove 75 of each of the connecting members 2 and 4
so that the front ends éf the engagement hooks 86 and 86' face
in the ridge direction of the roof. A bolt 91 whose top portion
is inserted into the engagement groove 75 is inserted into the
bolt through-holes 88 and 88'. A nut 92 is fitted to the top of
the bolt 91.

When the solar power generating system, which is the roof
apparatus 1, is repaired or inspected, as shown in Figs. 40 and
41, the light collecting members 3 on the ridge side of the roof
iire extracted successively in the ridge direction. The fitting
engagement piece 23 of the upper horizontal member 7 is placed
on the upper surface of the eaves side end of the light
collecting member 3 on the ridge side of the roof. The curved
water proof aqueduct 28 of the lower horizontal member 8 is
hooked to the engagement hook 86' on the ridge side of the light
collecting member fitting 85 so as to prevent the light
collecting member 3 from dropping. The light collecting member
3 is held with an angle so that the ridge side end thereof

becomes higher than the other portions thereof.
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Thus, when required, the light collecting member 3 can be
easily lifted up for inspection or repair. Therefore,
regardless of where the light collecting member 3 is installed,
it can be safely inspected and/or repaired on the root not on
the ground.

Fig. 42 shows a roof apparatus 1 according to a second
embodiment of the present invention. As shown in Fig. 43, in
this roof apparatus 1,.water proof protrusions are not formed
at ?he ridge side end and the eaves side end of the vertical
member 6 of the light collecting member 3. When the light
collecting member 3 is assembled, with the light collecting
member assembling jig 93, the vertical member 6 and the lower
horizontal member 8 are connected.

As shown in Figs. 44 and 45, the light collecting member
assembling jig 93 is placed at a portion where the water proof
protrusion 12 is not defined on the inner surface of the
vertical wall 11 of the vertical member 6. An overlap piece 94
which protrudes on the eaves side from the vertical rall 11 is
disposed. On the inner surface of the overlap piece 94, a
protrusion 95 connecting to the water proof protrusion 12 is
formed. On the inner surface at the lower end of the overlap
piece 94, a cover connecting portion 96 which is placed along
the upper surface of a cover piece 26 of the lower horizontal
member 8 is disposed. On the outer surface of the overlap piece

94, a contact protrusion 97 which is in contact with the eaves

31




side end surface of the vertical wall 11 of the vertical member
6 vertically extends. On the outer surface of the contact
protrusion 97, a mounting piece 98 which is placed on the outer
surface of the vatical wall 11 is disposed. The mounting member
98 defines a screw hole 99 which matches the mounting hole 15 of
the vertical member 6. Between the overlap piece 94 and the
mounting piece 98, an insertion space 100 fitted to the
vertical wall 11 is defined.

As shown in Fig. 46, the light collecting member 3 is
assémbled with the light collecting member assembling jig 93.
In other words, the vertical wall 11 of the vertical member 6 is
inserted into the inrsertion space 100. As shown in Figs. 47,
48, and 49, the ridge side half of the overlap piece 94 is
placed on the inner surface of the eaves side end of the
vertical wall 11. The cover connecting portion 96 is placed on
the upper surface of the lateral end portion of the cover piece
26. The contact protrusion 97 is contacted with the eaves side
end surface of the vertical wall 11. The mounting piece 98 is
placed on the outer surface of the vertical wall 11 so that the
screw hole 99 matches the mounting hole 15 of the vertical
member 6. The screw 37 is inserted into the screw hole 99, the
mounting hole 15, and the eaves side fixing hole 34 of the
transparent plate support member 9 so as to fix the hollow
curved groove 29 of the lower horizontal member 8. Thus, the

vertical member 6, the transparent plate support member 9, and
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the lower horizontal member 8 are assembled.

As shown in Fig. 50, when a new light collecting member 3 is
connected in the slope direction of the roof, the light
collecting member 3 is slid to a light collecting member 3 which
has been connected on the eaves side of the roof. As shown in
Fig. 42, the cover piece 26 is placed on the upper horizontal
member 7 of the light collecting member 3 on the eaves side.

\

The eaves side half of the outer surface of the overlap piece 94

of the light collecting member assembling ji_ 93 is placed at
a pc.>rtion where the water proof protrusion 12 is not formed on
the inner surface of the vertical wall 11 of the light
collecting member 3 on the eaves side.

LR ~  Thus, when the roof apparatus is constructed of the light

enoo® collecting members 3, the space defined between the vertical
member 6 of the light collecting member 3 on the eaves side and
the vertical member 6 of the light collecting member 3 on the
ridge member 3 is covered by the overlap piece 94. As a result,
the overlap piece 94 prevents rain water from entering between
®e%ee® the connecting members 2 and 4.

The light collecting member assembling jig 93 is used to
assemble the light collesting member 3. In this case, the cover
connecting portionr 96 is cov:red with the cover piece 26 of the

lower horizontal member 8. The cover connecting portion 96 is

pushed in the ridge direction. When the cover connecting

portion 96 is contacted with the vertical member 6 and the
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transparent plate support portion 9, the mounting hole 15 of
the vertical member 6, the hollow curved groove 29 of the lower
horizontal member 8, the fixing hole 34 of the transparent
plate support member 9, and the screw hole 99 of the light
collecting member assembling jig 93 are aligned. Thus, the
light colledting member 3 can be easily assembled.

Since the construction of other portions of the light
collecting member 3 ana the roof apparatus 1 of the second
embodiment is the same as that of the first embodiment, the
similar portions are designated by the similar reference
numerals and the description thereof is omitted.

In Fig. 51, a roof member fitting 101 comprises a
horizontal base plate 102, a leaf spring 103, and a bolt 104,
each of which is made of a metal. The leaf spring 103 is
mounted on the rear surface of the horizontal base plate 102 and
downwardly extends from one edge in the roof lateral direction
of the horizontal base plate 102. The bolt 104 is disposed at
a center portion of the horizontal base plate 102.

The horizontal base plate 102 comprises a protrusion 105
and horizontal flanges 106. The protrusion 105 is disposed at
a center portion in the lateral direction of the horizontal
base plate 102. The horizontal flanges 106 are disposed on both
the sides of the protrusion 105. At the center in the lateral
direction on the upper surface of the protrusion 105, a red

alignment mark 107 which is in contact with the other edge in
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the roof ilateral direction of the horizontal base plate 102 is
indicated. At a center portion of the protrusion 105, a bolt
through-hole is defined.

The leaf spring 103 is welded on the entire rear surface of
the horizontal flange 106. The width of the leaf spring 103 is
nearly the same as that of the horizontal base plate 102. One
end of the leaf spring 103 downwardly extends from one edge of
the horizontal base pléte 102 for a predetermined length. The
lower end of the leaf spring 103 bends inwardly and upwardly,
the%eby forming a hook portion 109. The hook portion 109 has an
edge portion which is tensioned so that it comes in contact with
a vertical portion 108 of the leaf spring 103. The upper end
portion of the hook portion 109 is bent in a bracket shape in
the leaving direction of the vertical portion 108. On each side
of the protrusion 105, a mounting hole 110 which passes through
the horizontal flange 106 and the leaf spring 103 is defined.

As shown in Fig. 53, the bolt 104 has a short male screw
portion 112 and a large head portion 113. The head portion 113
is disposed at the lower end of the male screw portion 112.
Before the leaf spring 103 is mcunted, the male screw portion
112 is inserted upwardly into a bolt hole 111 of the horizontal
base plate 102. The head portion 113 is placed in a lower
hollow portion of the protrusion 105. The leaf spring 103 is
welded so that the hollow portion is closed. The male screw

portion 112 is vertically placed on the horizontal base plate

35




Y

102.

As shown in Fig. 54, the roof member fitting 101 is mounted
to a horizontal beam made of a lip grooved steel member 115. In
other words, the roof member fitting 101 is inclined. The lower
end of the leaf spring 103 is inserted between upper and lower
lips 2f the lip grooved steel member 115. The forward end of
the upper lip is inserted into the opening of the hook portion
1009. '

As shown in Fig. 55, the bolt 104 is rotated in the
direction perpendicular to the lip grooved steel member 115
along arrow a of the roof member fitting 101. As shown in Fig.
56, the rear surface of the leaf spring 103 is placed on the
upper surface of the lip grooved steel member 115. Thereafter,
the roof member fitting 101 is slid in the longitudinal
direction of the lip grooved steel member 115. A black line on
the upper surface of the lip grooved steel member 115 is aligned
with the red mark 107 corresponding to the mounting size being
obtained. As shown in Figs. 52 and 57, a fitting 116 such as a
machine screw is inserted into the mounting hole 110 and the
upper surface of the lip grooved steel member 115.

Next, the connecting member 2 which is mounted on the lip
grooved steel member 115 by the roof member fitting 101 will be
described.

As shown in Fig. 58, the connecting member 2 is disposed in

the slope direction of the roof. The connecting member 2
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comprises a lower connecting member 80, an upper connecting
member 81, and a connecting member cover 82. The lower
connecting member 80 connects the water proof plate 77. The
upper connecting member 81 connects the light collecting member
3. The connecting member cover 82 covr.rs an upper portion of
the upper connecting member 81.

The lower connecting member 8() is constructed of a lower
width adjusting portioﬁ 74 which downwardly and outwardly
extends and engages the water proof wall 78 formed at a lateral
edgé of the water proof plate 77 with both sides in the lateral
direction of the horizontal fixing portion 127. As shown in
Fig. 61, a round hole 124 is defined at a center portion in the
longitudinal direction of the horizontal fixing portion 127.
On each side of the round hole 124, elongate holes are defined
at predetermined intervals. Between the round hole 124 and
each elongate hole 125, a connecting bolt hole 140 is defined.

The upper connecting member 81 is mounted on the upper
surface of the lower connecting member 80. At a center portion
in the lateral direction of the horizontal surface 26, a
connecting bolt hole (not shown) corresponding to the
connecting bolt hole 140 of the lower connecting member 80 is
defined. At both lateral ends of the horizontal surface 126,
an intermediate width adjusting portion 75 is defined which
supports the lower end of tre light collecting member 3. The

intermediat 2 width adjusting portion 75 upwardly opens.

37




The connecting member cover €2 is disposed so that it
covers the upper portions of the upper connecting member 81 and
the light collecting member 3. The connecting member cover 82
downwardly opens from both lateral erds on the lower surface of
a horizontal cover 128. The connecting member cover 82 has an
upper width adjusting portion 76 which holds the upper end of
the light collecting member 3.

The connecting memfer 2 is mounted in the following manner.
First, the roof member fittings 101 are mounted to the lip
graoved steel members 11% disposed in the roof lateral
direction corresponding to the intervals of the connecting
members 2. Next, as shown in Fig. 59, the lower connecting
members 80 are disposed in the slope direction of the roof on
the lip grooved steel members 115. The horizontal fixing
portion 127 of the lower connecting member 80 is disposed on the
upper surface of the protrusion 105 of the roof member fitting
101. The bolts of the roof member fitting 101 are inserted into
the round hole 124 and the elongate holes 125. The nut 143 is
fitted to the male screw portion 112 of the bolt 104. Thus, the
lower connecting member 80 is fixed to the lip grooved steel
member 115.

Next, the water proof wall 78 of the water proof plate 77
disposed on the upper surface of the lip grooved steel member
115 is placed in the lower width adjusting portion 74. The

upper connecting member 81 is longitudinally disposed on the
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upper surface of the lower connecting member 80. The
connecting bolt 141 inserted upwardly into the connecting bolt
hole 140 of the lower connecting member 80 is inserted into the
connecting bnlt hole of the upper connecting mzmber 81. Each
nut of each connection bolt 141 is tightened so as to fix the
lower connecting member 80 and the upper connecting member 81.

The lower end of each lateral portinn of the light
collecting member 3 islinserted into the intermediate width
adjusting portion 75 of the upper connecting member 81. The
ligﬁt collecting member 3 is connected in the lateral
direction. The connecting member cover 82 is placed on the
upper connecting member 81 so as to fix the connecting member
cover 82.

As shown in Fig. 58, the lateral connecting member 4
disposed at the lateral front base member of the roof comprises
a lateral lower connecting member 80', a lateral upper
connectiny member 81', and a lateral connecting member cover
82'. Since the construction of the roof inner side half of each
member is nearly the same as the construction of the lower
connecting member 80, the upper connecting member 81, and the
connecting member cover 82, the similar portions are denoted by
the similar reference numerals and the description thereof is
omitted. |

An outer end of the lateral lower connecting member 80', a

wide lateral width adjusting portion 83 into which the upright
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wall 84 of the lateral front base member 5 is inserted is
formed. Since the light collecting member 3 is not disposed on
the iateral front base member side of the lateral upper
connecting member 81' and on the lateral front base member side
of the horizontal cover 128 of the lateral connecting member
cover 82', the intermediate width adjusting portion 75 and the
upper width adjusting portion 76 are not formed. Nearly in the
same manner as the conﬁecting member 2, the lateral connecting
member 4 is mounted on the lip grooved steel member 115.

.Figs. 62 to 54 show another roof member fitting 10la. A
bolt 104a has a cylinder portion 114, a male screw portion 112a,
and a head portion 113. The diameter of the cylinder portion
114 is slightly larger than that of the male screw portion 112a.
The diameter of the cylinder portion 114 is smaller than that
of the head portion 113. The male screw portion ll2a is
disposed at the upper end of the cylinder portion 114. The head
portion 113 is disposed at the lower end of the cylinder portion
114. On the protrusion 105 of the horizontal base plate 102,
the cylinder portion 114 and the male screw portion 112 are
disposed.

Since the construction of other portions of the roof member
fitting 101 and the mounfing method thereof to the lip grooved
steel member 115 are nearly the same as those of the roof member
fitting 101, the similar portions are denoted by the similar

reference numerals and the description thereof is omitted.
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As shown in Figs. 65 and 66, the connecting member 117a
mounted with the roof member fitting 10la is not separated into
a lower portion and a upper portion. As shown in Fig. 68, bolts
104a of the roof member fitting 10la are inserted into a round
hole 124a and elongate holes 125 which are defined on both sides
of the round hole 124a at predetermined intervals. The round
hole 124a passes through a center portion of the horizontal
portion 142. The elonéate holes 125 pass through in the
longitudinal direction of the horizontal portion 142. A nut
143; is fitted to the male screw portion 112a. Thus, the
connecting member 117a is fixed to the lip grooved steel member
115.

Although the construction of other portions of the
connecting member 117a is nearly the same as those of the
connecting member 2, since the connecting member 117a is not
separated into an upper portion and a lower portion, it is not
necessary to define the connecting bolt hole 140.

When the connecting member 117a is mounted on the lip
grooved steel member 115, if the connecting member 117a is of
standard length type, as shown in Fig. 68, each bolt 104a of the
roof member fitting 10la is positioned at the center of the
elongate hole 125a. However, even if the connecting member
117a expands from the center portion in the longitudinal
direction due to temperature change or direct sun light, as

shown in Fig. 67, the bolt 104a of the roof member fitting 10la
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easily moves to an end portion close to the round hole 124a in
the elongate hole 125a. Thus, since the bolt 104a is not
twisted, the fixed portion of the connecting member 117a is not
damaged.

When the connecting member 117a shrinks from the center
portion in the longitudinal direction due to temperature drop,
as shown in Fig. 69, the bolt 104a moves to the outer end
direction in the elongéte hole 125a. Thus, the distortion of
the bolt 104a is absorbed. This applied to the above-described
connecting member 2 and the lateral connecting member 4. Thus,
the bolt 104 of the roof member fitting 101 moves in the
elongate hole 125 of the lower connectilng member 80. As a
result, the roof member fitting 101 can absorb the distortion
by heat expansion and mounting error.

In the above-described embodiments, the lip grooved steel
member 115 as a horizonal beam was used. However, it should be
noted that with an angle steel member or an unequal angle steel
member the lower end of the leaf spring 103 of the roof member
fitting 101 or 10la may be engaged with the flange thereof. 1In
addition, a light collecting member 3 which does not have
photo-cells may be used.

Moreover, the roof member fittings 101 and 10la may be
directly fixed to a metal roof plate or the like rather than a

connecting member. The mark 107 may be a notch rather than the

red mark.
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In this disclosure, there are shown and described only the preferred
embodiments of the invention, but, as aforementioned, it is to be understood that
the invention is capable of use in various other combinations and environments
and is capable of changes or modifications within the scope of the inventive
concept as expressed herein.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A roof apparatus, comprising:
a plurality of light collecting members, each of said light collecting
5 members comprising left and right vertical members each having a ridge side end
and an eaves side end, an upper horizontai member, a lower horizontal member,
and a transparent plate, said upper horizontal member being cisposed at said
ridge side ends of said vertical members, said lower horizontal member being
disposed at said eaves side ends of said vertical members, said transparent plate
10 being disposed arn inner periphery of said vertical members, said upper horizontal

member, and said lower horizontal member, said light collecting members being

connected in a slope direction of a roof,
whe 2in said lower horizontal member has a transparent plate holding
piece, a transparent plate contact wall, and a cover piece, said transparent plate
15 holding piece being adapted to hold an eaves side end of said transparent plate,
said transparent plate contact wall having thickness which is smalier than a
thickness of said transparent plate, said cover piece being adapted to cover an

upper portion of said upper horizontal member of an adjacent eaves side light

S, collectina member and extending from an upper end of said transparent plate
.':E:, 20 contact wall.
2. The roof apparatus as set forth in claim 1, wherein:

said vertical members each comprise a vertical wall,

P K a plurality of water-proof protrusiciis longitudinally formed at an upper end
: of an inner surface of said vertical wall;

25 a horizontal protrusion piece disposed on said inner surface at a lower end
of said vertical wail; and
a vertical support leg disposed at an inner end of said horizontal extrusion

piece and extending vertically.
3. The roof apparatus as set forth in claim 2, wherein:
30 said vertical wall and said vertical support leg each define a ventilation

notch at lower end on the eaves side end and a ridge side end of said vertical
members.
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4. The roof apparatus as set forth in claim 1, wherein:

said upper horizontal member comprises a sash-shaped horizontal piece;

an upright we!! disposed in longitudinal direction on an upper surface of
said horizontal piece;

a horizontal upper surface dispcsed at an upper end of said upright wall
and extending on an eaves side of said roof, said horizontal ugper surface being
in parallel with said horizontal piece;

a water reflecting wall folded to a ridge side end of said horizontal upper
surface;

a transparent plate support groove defined between said horizontal piece
and said horizontal upper surface; and

a fitting engagement piece having a downwardly extending portion, a first
bend portion afm a second bend portion which are connected in succession, said
downwardly extending portion extending on a lower surface of said horizontai
piece, with said first bend portion bending on an eaves side and said second
bend portion bendiny upwardly.

5. The roof apparatus as set forth in claim 1, wherein:

a forward end of said cover piece bends downwardly, the lower surface
thereof having a water-proof protrusion.

6. The roof apparatus as set forth in claim 1, wherein:

said transparent plate hclding piece has a curved water-proof aqueduct
disposed at a ridge side edge and curves downwardly in an eaves direction of
said roof.

7. The roof apparetus as set forth in claim 1, wherein:

said vertical members each have a transparent plate support member
disposed along an inner surface.

8. The roof apparatus as set forth in claim 7, wherein:

said transparent plate support member comprises a hollow transparent
plate holding frame;

space means formed in the longitudinal direction at an upper portion of an
inner wall of said transparent plate holding piece, said space means being formed
to allow said transparent plate to be held; and
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groove means formed in longitudinal direction and on an outer surface of
said transparent plate holding frame.

9. The roof apparatus as set forth in claim 4, further comprising:

a plurality of connecting members, disposed in a slope direction of said
roof at predetermined intervals;

a light collecting member fitting having a ridge side and an eaves side,
mounted on each of said connecting members; and

an engagement hook upwardly extending on a ridge side of said roof to
said light collecting member fitting and engaging with a fitting engagement piece
of said upper horizontal member.

10.  The roof apparatus as set forth in claim 9, wherein:

said engagement hook is disposed on each of the ridge side and the eaves
side of said light collecting member fitting.

11.  The roof apparatus as set forth in claim 10, wherein:

said light collecting member fitting comprises a lower cross-piece; and

an upper holding piece disposed on an upper surface of said lower cross-
piece.

12.  The roof apparatus as set forth ir claim 10, wherein:

said transparent members are connected by a light collecting member
assembling jig.

13.  The roof apparatus as set forth in claim 12, wherein:

said light collecting member assembling jig comprises an overlap piece
disposed on the inner surface of a vertical wali of each of said vertical members
and extending to an eaves side from said vertical wall;

a cover connecting portion disposed alony an upper surface of said cover
piece of said lower horizontal member disposed on an inner surface at the lower
end of said overlap piece;

a contact protrusion in contact with an eaves side end surface of said
vertical wall of each of said vertical members, said contact protrusion being
formed in a vertical direction on an outer surface of said overlap piece;

a mounting piece disposed on an outer surface of said vertical wall
disposed on an outer surface of said contact protrusion; and
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holding space means for holding said verti:al wall, formed between said
overlap piece and said mounting piece.

DATED: 7 March, 1995

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for: QM P QMM

HIRAI ENGINEERING CORPORATION




ABSTRACT

A roof apparatus is disclosed, which comprises a plurality
of light collecting members, each of the light collecting
member having a pair of (left and right) vertical members, an
upper horizontal member, a lowexr horizontal member, and a
transparent plate, the upper hoirizontal member being disposed
at a ridge side end of the vertical members, the lower
horizontal m2mber beiné disposed at an eaves side end of the
vertical members, the transparent plate being disposed on the
innér periphery of the vertical members, the upper horizontal
member, and the lower horizontal member, the light collecting

¢ members being connected in a slope direction of a roof, wherein
e the lower horizontal member has a transparent plate holding
piece, a transparent plate contact wall, and a cover piece, the
“ransparent plate holding piece being adapted to nold an eaves

- .de end of the transparent plate, the transparent plate

contact wall having the thickness which is smaller than the
thickness of the transparent plate, the cover piece being
adapted to cover an upper portion of the upper horizontal
Poses” member of an adjacent eaves side light collecting member and

-extending from the upper end of the transparent plate contact

wall.
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