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RETRACTABLE ROOF
FIELD OF THE INVENTION

[0001] The present invention relates to a retractable roof.
DESCRIPTION OF THE PRIOR ART

[0002] Retractable roofs are used in a variety of applications, such as sport stadiums,
storage facilities and for protection of crops as they grow. The ability to cover and uncover an
area enables the ambient conditions beneath the roof to be adjusted and mitigate adverse
effects of the environment, such as excessive heat or rain. This is particularly important in
horticultural applications where an unexpected weather event can cause serious damage or

loss of a crop.

[0003] Conventionally, crop protection has been provided by glasshouses which are large

permanent structures. They are therefore expensive to build and maintain.

[0004] An alternative type of structure is that exemplified in U.S. patent 5,265,373 issued to
Richard Vollebregt in which crop protection is provided by curtains that can be extended and

retracted along support wires to adjust the protection afforded to the crop.

[0005] U.S. patent 5,513,470 to Richard Vollebregt shows a crop protection structure in
which gables provide support for a ridged curtain system that emulates a conventional
greenhouse structure. The gables support curtains that extend across the peaks and through
the valleys. The curtains can be extended or retracted by a driven cable to vary the protection
provided. The cables are connected to a drive system that includes a rotating shaft that extends
along the gable to provide multiple locations to which cables can be connected to the curtains.
Because of the pitched nature of the roof the drive shafts incorporate universal couplings and
more than one drive shaft may be used along the length of the structure. The substantial nature
of the gables provides a durable and versatile structure but the complexity of the drive system is
relatively expensive and complicated to install. The cost is justified where intensive horticultural

practices are concerned with multiple high value crops per growing season.

[0006] In order to reduce the overall cost of installation an alternative support structure is
shown in U.S. patent 9,163,401 to Richard Vollebregt where posts and tensioned cables are
utilised to provide the gables. This allows the structure to be installed on land that is not level
and significantly reduces the cost of materials whilst maintaining the versatility. However, for

certain applications. the high cost still cannot be justified.
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[0007] For example, crops like cherries and grapes need to be grown outside since they
need cold temperatures in the winter time and need exposure to the natural outdoors to create
firm, sweet fruit. They need protection from rain primarily during the last several weeks just prior
to harvest to prevent splitting of fruit and maintain the quality to attain the highest available
price. Automatic retractable roof systems such as those discussed above can protect plants
from cold, heat, wind, rain, hail and are cost effective on crops like berries and vegetables which
need protection from rain 12 months per year. However a retractable roof system like those
described above is cost prohibitive for crops that only have one harvest of fruit per year (i.e.
cherries, grapes) since the value of the crop per hectare is much lower than crops that have
multiple harvests over many months. The value of the rain shedding capabilities only starts in

year 3 when cherry trees start to produce fruit

[0008] Where permanent retractable systems cannot be justified seasonally installed
protective coverings may be utilised. Such coverings are manually installed early in the season
and are used to advance flowers, protect from frost, wind, sunburn, rain prior to harvest. The
covering must be in tension (taut) to minimize flapping since movement of the covering causes

failure due to fatigue. It also takes significant manpower to install and remove

[0009] Whilst the seasonal covering may provide for protection from extreme weather
events over the growing season, the covering changes the climate also in negative ways
compared to a natural environment resulting in softer fruit that is less sweet and has a shorter
shelf life. The openings between the lower edges of the curtains allow for continual air exchange
between the areas below and above the covering which prevents protection from cold air
temperatures. Openings between the coverings mean that the covering cannot be used to raise

temperatures like a greenhouse or trap supplemental heat to accelerate the spring flowering.

[0010] Movable rain coverings intended to protect crops during the critical period prior to
harvest rather than protection over the whole growing season have been proposed where the
coverings are slidably supported on guide wires and can be deployed selectively depending on
weather conditions. Some proposals require manual deployment using long sticks or ropes but
this is time consuming and can result in crops not being protected in time before adverse

weather resulting in damage to the covering or to the fruit.

[0011] Rain coverings have also been proposed that are moved with a drive system can
could be powered by a motor or gearbox or portable drill. The major advantage of a powered
system is that the coverings can be closed quickly when rain or hail is approaching to prevent

damage to the fruit.
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[0012] To be able to move the covering with minimal power, the covering must be loose so
that there is minimal friction between the plastic hooks that connect the covering to the
supporting wires or cables. However, lose fabric will flap in the wind causing fatigue to the

covering over time and therefore a shorter life.

[0013] To move a covering, an economical way is to have a drive cable at the peak and
drag the rain cover panel closed. This causes the lower edge to drag behind which then
necessitates that the covering needs to be flexible so that it can easily pleat. This is

accomplished by not installing any additional reinforcing or stiffening at the grommet location.

[0014] The peak of the covering is powered but the lower edge is not powered causing the
covering at the valley to lag behind the peak position. The causes sections of the roof to not be
completely closed which allows rain to enter causing damage to the fruit. In order to ensure a
proper closing and retracting of the rain cover it is necessary to power the covering both at the
upper and lower edges of the covering. To do that, a drive shaft would need to have universal
joints to allow it to follow the profile of the roof so that one motor can power multiple coverings

which adds to the cost and complexity for installation and maintenance

[0015] One covering system marketed by Valenti under the trade name Wayki

(hitpsfvaientepall comfendorchard/orchard-coverinas/antirain/mullishisldiwayki) uses a drive

cable at the peak to move panels of the rain cover sequentially. A hook engages the rain cover
panel at the peak as it passes a support and releases it as it gets to the next support. This
system has the advantage of being a simple system however it still requires the lower edges to
slide freely along the wire and because it releases the panel as it moves along, it does not keep
the covering in a fixed position. A strong wind can blow a closed cover open or an open cover

closed.

[0016] Itis an object of the present invention to provide a retractable roof in which the above

disadvantages may be obviated or mitigated.
SUMMARY OF THE INVENTION

[0017] According to one aspect of the invention there is provided a retractable roof structure
having a pair of longitudinally spaced supports, guide wires extending between said supports
and positioned to support a covering in a required profile, said covering comprising a plurality of
sections arranged in seriatim along the guide wires with each section slidably supported on the
guide wires so as to be moveable between an open position in which the area beneath the

covering is exposed and a closed position in which the area beneath the covering is covered, a

-3-
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drive member extending between the supports and operably connected to one end of each of
the sections at a first location to move the one end along the guide wires, and a first tensile
member extending from the first location at the one end of one section to the one end of another
section and connected to the one end of the other section at a second location spaced from the
first location on the other section, whereby movement of the one location of one section is
transferred through the tensile member to the second location of the other section to cause a

corresponding movement.
[0018] Preferably each of said locations is adjacent a respective one of the guide wires.

[0019] As a further preference, a second tensile member extends from the first location on

the other section to a second location on the one end of the one section.

[0020] Still further, the required profile is a ridged profile having an elevated peak extending
outwardly and downwardly to a pair of eaves and the guide wires are located at the peak and at

the eaves to constrain the covering to the required profile.
BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Embodiments of the invention will now be described with reference to the

accompanying drawings in which:

[0022] FIG 1 is a perspective view of a retractable roof structure showing a covering in an

open position;

[0023] FIG 2 is a perspective view similar to figure 1 showing a covering in a closed
position;

[0024] FIG 3 is a view on the line llI-1ll of FIG 2
[0025] FIG 4 is a rear perspective of a drive system used on the roof structure of FIG 1;

[0026] FIG 5 is a top perspective view of an opposite end of the roof structure of FIG 1 to
that shown in FIG 4;

[0027] FIG 6 is a view similar to FIG 5 of an intermediate portion of the roof structure of FIG
1;

[0028] FIG 7 is an enlarged perspective view of the connection of the covering to the drive

system;

[0029] FIG 8 is a perspective view showing the connection of the covering to guide wires at

the eaves of the covering;
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[0030] FIG 9 is a rear perspective view showing the covering in a deployed, closed position

adjacent the drive system;

[0031] FIG 10 is a view similar to FIG 9 showing the covering in a retracted, open position;
[0032] FIG. 11 is a view similar to that of FIG. 9 at the opposite end of the roof structure;
[0033] FIG. 12 is a view similar to FIG. 10 at the opposite end of the roof structure;

[0034] FIG. 13 is a plan view of the roof structure of FIG. 1 showing operation in moving to

the deployed, closed position;

[0035] FIG. 14 is a plan view of the roof structure of FIG. 1 showing operation in moving to

the deployed, closed position;

[0036] FIG. 15 is a schematic representation of a cable run shown in FIG. 14
[0037] FIG 16 is an enlarged sectional view of an edge of one of the covering; and
[0038] FIG. 17 is a view similar to FIG. 2 of an alternative embodiment.

[0039] Referring firstly to Fig. 1, a retractable roof structure generally indicated as 10 is
used to protect crops C. The crops C are arranged in rows R, typically oriented north to south
for optimum exposure to sun and the roof structure 10 is dimensioned to extend over a row R of
the crop C. The crop C may be a ground crop, such as strawberries, a vine crop such as grapes
or a tree crop such as cherries and the roof structure 10 will be dimensioned accordingly.
Multiple rows R may be arranged side by side with a roof structure 10 protecting each row R.
For clarity the roof structure 10 associated with only one of the rows R will be described but it
will be appreciated that where there are multiple rows the support structures and drive system

may be shared between the rows.

[0040] The roof structure 10 comprises support structures 11 positioned at regular intervals
along the row R. A spacing of 4 metres is typical but different spacing may be used depending
on the particular site and application. The support structure 11 includes 3 laterally spaced posts
12 with cross members 13 connecting the upper end of the posts 12. A lateral wire 14 is
positioned below the top of the posts 12 and extends horizontally between the posts 12 of each
support structure 11. Where multiple rows R are to be protected the wires 14 may extend across
the whole of the growing area. The height of the wire 14 will depend on the crop C but a height
of 3.5 metres is typical.

[0041] Where a single row R is to be protected, the wire 14 may be replaced by a rigid arm,
the post 12 to define the lateral extent of the roof structure 10. Again, this will depend on the
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crop C but an overall length of the arm of 3 metres is typical, 1.5 metres to each side of the post
12 with the arm 3.5 metres above the ground. Tie wires and cross bracing may also be used to
stabilise the posts 12 but these have been omitted for clarity as they are well known structural
requirements that are customised for each particular application.

[0042] A ridge guide wire 16 extends between the upper ends of the central post 12 and is
connected to each of the posts 12 as will be described in greater detail below. Eave guide wires
18 extend between the wires 14 and are connected to wires 14 at the lateral extent of the row R,
typically 1.5 metres to either side of the central post 12. The guide wires 16, 18 are used to
support a covering 20 in the required profile, which in this case is a ridged profile having a peak

22 and eaves 24 as best seen in FIG. 3.

[0043] The covering 20 is formed in individual sections 26 arranged in seriatim along the
row R to provide a leading section 26a at one end of the row R, a trailing section 26b at the
opposite end of the row R and intermediate sections 26¢ between the leading and trailing
section 26a, 26b. Each section 26 is dimensioned to extend between adjacent support
structures 11 and, as shown in figures 7 to 9, is preferably made from a pair of panels 28. Each
of the panels 28 extends from a respective one of the eave guide wires 18 to the ridge guide
wire 16. The panels 28 are connected to the guide wires 16, 18 by elastic bands 29 ( FIG 8) and
releasable hooks 30. The hooks 30 provide a loose sliding connection on the guide wires 16, 18
and allow relative sliding movement between the panels 28 and the guide wires 16, 18. The
hooks 30 are well known in the art, such as those shown in US patent 5,761,776, the contents

of which are incorporated herein by reference, and need not be described further at this time.

[0044] Each of the panels 28 has a leading edge 32 that extends from an upper corner of
the panel 28 adjacent the ridge wire 16 to a lower corner of the panel adjacent the eave wire 18.
A trailing edge 34 of the panel 26 is secured to a shelf 35 (FIG 6) secured to the post 12 and to
the lateral wire 14 adjacent to the eave guide wire 18 and so is fixed relative to the guidewires
16, 18. The leading edge 32 is free to slide along the guidewires 16, 18 from a retracted or open
position as shown in FIG. 1 to an extended or closed position as shown in FIG. 2. Longitudinal

edges 36 extend between the leading and trailing edge 32, 34 parallel to the guide wires 16, 18.

[0045] As can best be seen in FIG. 8 and FIG. 16, the edges 32, 34, and the longitudinal
edge 36 adjacent to the eave guide wire 18 of the panels 28 are folded over and reinforced by a
rope 38 which is heat sealed between the overlapping layers of the panels 28 to form a Keder
strip 40. Grommets 42 are installed in the Keder strip 40 to receive the hooks 30 which also
pass around the respective one of the wires 16, 18.
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[0046] The upper longitudinal edge 36 is not reinforced with a rope but has grommets 42 to
receive the bands 29 and hooks 30 secure the bands 29 to the ridge wire 16. The upper edge
36 is thus more flexible than the lower edge 36 and pleats more easily in the retracted position.
In this manner the motive force required to open or close the cover is reduced whilst the wear

resistance at the eaves is maintained.

[0047] A drive system, collectively indicated by reference numeral 50 and shown in FIG. 4,
is mounted to the posts 12 at one end of the row R to move the covering 20. The drive system
50 includes power source, typically an electric motor 52 which drives a horizontal shaft 54. The
shaft 54 is supported for rotation on the post 12 and may extend between multiple rows R so
that one motor 52 can move the covering 20 on a number of rows simultaneously. Alternatively,
an individual motor 52 can be used for each row R or the motor 52 may be portable, such as an
electric screwdriver, and can be moved from one row to the other. In some circumstances the
motor 52 may be a manually operated chain drive that operates through a reduction gear box to
rotate the shaft 54.

[0048] A drive cable 60 extends from the shaft 54 to a post 12 at the opposite end of the
row R, around a pulley 62 secured to the post 12 and back to the shaft 54. The drive cable 60
provides a driving run 64 and a return run 66 which are generally parallel to but spaced from the
ridge guide wire 16. The opposite ends of the drive cable 60 are wound in opposite directions
about the shaft 54 so that as the shaft 54 rotates, the driving run 64 and return run 66 move in

opposite directions but remain a constant length.

[0049] As shown in FIG 6, the ridge guide wire 16 and drive cable 60 are offset from the
posts 12 and the ridge wire 16 is secured to the shelf 35 by a cable clamp 76 with upper and
lower jaws 78, 80 bolted to the shelf 35. The ridge guide wire 16 passes between the jaws 70,

80 which are tightened to hold the ridge guide wire 16 to the post 12.

[0050] The leading edge 32 of each panel 28 is connected to the driving run 64 by the
bracket 90 shown in Fig 7. The bracket 90 comprises a vertical plate 92 which has a pair of
flanges 94 extending outwardly from the lower edge. The flanges 94 diverge at an angle
corresponding the desired profile of the cover 20 and have holes 96 along their length with a
spacing corresponding to the spacing of the grommets 42. Fastenings 98, which may be bolts
or hooks 30, are used to secure the upper corner at the leading edge of the panel 28 to the
flange 94.
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[0051] The bracket 90 has a pair of cable clamping blocks 100 mounted on the face of the
plate 92 with a V-shaped notch 102 to receive the driving run 64 of the cable 60. The blocks 100
clamp the driving run 64 against the plate 92 to fix the bracket 90 securely to the cable 60.

[0052] A tab 104 is bolted to the plate 92 to receive the body of a clip 106. The clip 106 is
similar to the hooks 30 having a peripheral body 108 and an open centre 110. One side of the
body 108 and can be opened to allow the ridge guide wire 16 to pass into the centre 110 and be
encompassed by clip 106. The clip 106 is of known construction, such as that shown in US
patent 5,761,776, and need not be described further. The bracket 90 is thus supported on the
ridge wire 16 by the clip 106 for sliding movement along the ridge wire 16 and connected to the
driving run 64 of the drive cable 62 for movement with it. A wire loop 112 is mounted to the top
of the bracket 90 to maintain the return run 66 in proper spaced relationship to the driving run
64.

[0053] Operation of the drive system 50 causes rotation of the shaft 54 and moves the
driving run 64 relative to the ridge guide wire 16. The bracket 90 associated with each section
26 of the covering 20 moves along the ridge guide wire 16 and pulls each of the leading edges
32 of the panels 28. Each of the panels 28 will thus deploy from a retracted to an extended
condition as shown in Fig 1 and 2 respectively, and, upon reversal of the motor 52 move in the
opposite direction. However, as discussed above, the lower corners of the leading edge 32
which are supported on the eave guide wires 18 may not slide freely and thus inhibit the

deployment or retraction of the panels 28.

[0054] To mitigate this, a pair of tensile members 120 are attached at a first location
adjacent to the bracket 90 of each of the sections 26. The tensile members120 are
conveniently a 2.2mm polyester monofilament wire that is relatively light, smooth and flexible
that will not abrade the panels 28. Alternatively, the tensile members may be rope, cables or

wires or even rigid rods if preferred.

[0055] The tensile members 120 pass along the outer surface of a respective panel 28 and
the opposite end 121 is connected to the leading edge 32 of the adjacent trailing section 26 at a
second location. Conveniently, the second location is adjacent to the eave guide wire 18 so the
lower corner of each of the panels 28 is connected by a tensile member 120 to the peak of the
leading edge of the preceding section 26. As the bracket 90 is moved by the driving run 64, the
movement is transferred through each of the tensile members 120 to the lower corner of the
following section to pull it along the eave guide wire 18. In this way the friction between the
hooks 30 and the eave guide wire at the leading edge is overcome.
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[0056] To provide for a similar effect when the covering is being moved in the opposite
direction, i.e. to the retracted position in the example above, a second pair of tensile members
122 are connected from the bracket 90 of the trailing section to the lower corners of the leading
edge 32 of the preceding section 28.

[0057] Thus movement of the bracket 90 of one section 26 in either direction by the driving
run 64 of cable 62 is transferred through the tensile members 120, 122 to the lower corners at

the panels 28 of another section 26 to promote sliding of the panels on the eave wires18.

[0058] The leading edge 32 of the leading section 26a, that is the section closest to the
drive shaft 54, cannot be connected to a preceding section. To assist in moving the leading
section along the eave guide wires 18, an additional tensile member 124 is connected to each
lower corner of the leading edges 32 of section 26a as shown most clearly in FIGs 9. 10 and 15.
To effect a direction reversal, the additional tensile member 124 passes forwardly to a pulley
126 on the transverse wire 14 and upwardly to pulleys 128, 130 located on the cross member
13, The pulley 130 directs the tensile member 124 over the drive shaft 54 and rearwardly. The
opposite end 125 of the tensile member 124 is connected to the return run 66 of the drive cable
62.

[0059] With the drive system 50 operating to move the covering 20 from a retracted
condition of figure 1 to the deployed condition of Fig 2, the driving run 64 will cause the bracket
90 of the leading section 26a to move toward the drive shaft 54. At the same time, the return run
66 will move away from the drive shaft 54, i.e. in the opposite direction to the bracket 90. The
movement will be transferred through the additional tensile members 124 and pull the leading
edge 32 of the leading section 26a along the guide wire 18. When the movement is reversed,
the tensile members 122 from the adjacent intermediate section 26¢ act on the lower corners of

the leading edge of the section 26a to pull it to a retracted position.

[0060] A similar arrangement is provided at the trailing section 26b as shown in FIGs 11 and
12.. Further tensile members 126 are connected to the lower corners of the leading edge 32 of
the trailing section 26¢ and pass rearwardly through pulley 132 on the wire 14 and upwardly
through pulleys 134, 136 on cross member 13 to be connected to the return run 66. In this case,
the tensile members 122 from the adjacent intermediate section 26¢ pull the leading edge to the
deployed condition with the rearward movement of the return run 66 permitting the further
tensile members 126 to follow the movement. When the covering 20 is retracted, the forward
movement of the return run 66 acts through the tensile members 126 to pull the leading edge 32
of the trailing section 26b rearwardly to the retracted position.
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[0061] The organisation and direction of movement of the tensile members 120, 122, 124
and 126 is shown in FIGs 13 and 14 for movement from retracted to deployed (FIG 13) and

from deployed to retracted (FIG 14). It will be seen that the connection of the tensile members
124, 126 to the return run via the direction reversing pulleys provides control over the leading

edge of the leading section 26a and the trailing section 26b in both directions.

[0062] In some circumstances, depending primarily on the dimensions of the sections 26, it
is found that the connection of the tensile member 124 and the tensile member 122 at the
leading edge 32 places a significant lateral load on the eave guide wire 18. This may be
sufficient to displace the wire 18 and distort the balance of the covering. An alternative
arrangement to address this is shown in FIG 17 where like reference numerals are used. The
tensile member 122 extends from the lower corner of the leading edge 32 of the leading section
26a to the bracket 90 of the next but one section, in this case the trailing section 26b. Where
multiple intermediate sections 26¢ are used then the connection would be to one of those. The
effect of this is to increase the included angle between the tensile members 122 and 124and

thereby reduce the lateral forces acting on the lower corner of the panel 28.

[0063] It will be seen therefore that the provision of the tensile members from the peak of
one section to the eaves of the adjacent section can be used to assist movement of the panels
along the eave guide wires and promote a smooth sliding action for the panels. The

arrangement is achieved with a single power source and avoids a complex jointed drive shaft.

[0064] It will be apparent that different profiles of covering may be utilised. For example, a
shed roof may be provided with a single inclined panel in each section. In this arrangement a
single tensile member from one location on one of the sections, typically the higher point of the
leading edge, to a second location on the adjacent panel, typically the lower point of the leading

edge, may be used to maintain proper sliding motion.

[0065] The attachment of the tensile members to the peak at one end and the eave at the
lower end may also be chosen to suit individual needs. The attachment to the driven run may be
at the connection of the section to the run or may be spaced from it along the leading edge
provided there is sufficient stiffness in the leading edge to transmit the movement. Similarly, the
connection may be made at a location spaced from the leading edge in the direction of the ridge

wire.
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[0066] The attachment to the adjacent panel may also be varied from the location of the
eaves cable but it is believed the optimum locations are at the peak and at the eaves where

there is adequate structure to withstand the loads imposed.

[0067] The points of attachment should be chosen so as to convey the movement of the
leading edge by the driven run through the tensile member to another of the panels so as to
induce movement of the leading edge along the eave wires 16. The exact location will depend
on the nature of the connections of the panels to the guide wires and driving cable, the

dimensions of the panels and the durability of the panels.

[0068] As described, the driven run is attached to the peak but it might also be attached to
the eaves with the tensile members extending to the peak on the adjacent section. This would of

course require a drive cable at both eaves and might impair access to the crop.

[0069] Although the invention has been described with reference to certain specific
embodiments, various modifications thereof will be apparent to those skilled in the art without
departing from the spirit and scope of the invention as outlined in the claims appended hereto.

The entire disclosures of all references recited above are incorporated herein by reference.
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What is claimed is:

1.

A retractable roof structure having a pair of longitudinally spaced supports, guide wires
extending between said supports and positioned to support a covering in a required
profile, said covering comprising a plurality of sections arranged in seriatim along the
guide wires with each section slidably supported on the guide wires so as to be
moveable between an open position in which the area beneath the covering is exposed
and a closed position in which the area beneath the covering is covered, a drive member
extending between the supports and operably connected to one end of each of the
sections at a first location to move the one end along the guide wires, and a first tensile
member extending from the first location at the one end of one section to the one end of
another section and connected to the one end of the other section at a second location
spaced from the first location on the other section, whereby movement of the one
location of one section is transferred through the tensile member to the second location

of the other section to cause a corresponding movement.

The retractable roof of claim 1 wherein each of said locations is adjacent a respective

one of the guide wires.

The retractable roof of claim 1 wherein a second tensile member extends from the first

location on the other section to a second location on the one end of the one section.

The retractable roof of claim 1 wherein the required profile is a ridged profile having an
elevated peak extending outwardly and downwardly to a pair of eaves and the guide
wires are located at the peak and at the eaves to constrain the covering to the required

profile.

The retractable roof of claim 1 wherein a further tensile member is connected from the
leading edge of the leading section through a direction reversing mechanism to a portion
of the drive member moving in the opposite direction to the leading edge to provide a

corresponding movement to the leading edge.

-12 -
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ABSTRACT

A retractable roof structure has a pair of longitudinally spaced supports, guide wires extending
between said supports and positioned to support a covering in a required profile. The covering
comprises a plurality of sections arranged in seriatim along the guide wires with each section
slidably supported on the guide wires so as to be moveable between an open position in which
the area beneath the covering is exposed and a closed position in which the area beneath the
covering is covered. A drive member extends between the supports and is connected to one
end of each of the sections at a first location to move the one end along the guide wires. Tensile
members, such as a rope, extends from the peak of the leading edge of one section to the lower
corner of the adjacent section so that movement of the peak is transmitted by the tensile

member to the eaves of the adjacent section to move the section along the eave guide wire.
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