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APPLICATION NUMBER: 63/516,010
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APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS
CONVENTION, IS US63/516,010
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UNITED STATES P.0.Box 1430
m PATENT AND TRADEMARK OFFICE Alexandra, e o gy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE /TIME ATTORNEY DOCKET #
63/516,010 07/27/2023 04:57:05 PMET 67540/00052

Title of Invention
Retractable Roof

Application Information

APPLICATION TYPE  Utlity - Provisional Application under PATENT # -
35 USC 111(b)
CONFIRMATION # 4138 FILED BY | udith Martin
PATENT CENTER # 62518595 FILING DATE
CUSTOMER # 27871 FIRST NAMED Richard VOLLEBREGT
INVENTOR
CORRESPONDENCE AUTHORIZED BY  Laurie Wright
ADDRESS
Documents TOTAL DOCUMENTS: 5
DOCUMENT PAGES DESCRIPTION SIZE (KB)
Volco52 ADS .pdf 9 Application Data Sheet 2228 KB
Volco52 Applin.pdf 22 - 210 KB
Volco52 Appin-SPEC .pdf (1-20) 20 Specification 202 KB
Volco52 Appin-CLM.pdf (21-21) 1 Claims 117 KB
Volco52 Appln-ABST.pdf (22-22) 1 Abstract 84 KB
Volco52 Drawings.pdf 40 Drawings-only black and white 6464 KB

line drawings
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Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

Volco52 ADS.pdf OA1EC94CA2EFS53ECF7213AFA7C133E1B48128EBB884E01223
51ED97B325F9CCDBDE607B29ACIAABIGE 929B4F47C880B1E
944E9A4E685D57746BAA4412BF8CFC1

Volco52_Applin.pdf 4FF35682B66A201935239D12B322246520B82B8B9631F249B89
25B79AF38C125B584B7E66057F204D6140D00CCAB43373DBF
99A896A5F978127BEBAO37BEFATD

Volco52_AppIn-SPEC.pdf B10CFDC18E954F5D397D2BFA94C76D984B1801C0OCDE283D0
2761A300980346854C56F2B912AFBEF513757B9D10A5CD6CAT
1A39B40AD8BB45DC497F9FA3EAF40CE

Volco52_AppIn-CLM.pdf B679F3034D1BC29489805C3E873B60276E382B46A8454378B4
ACABESFDAC506116E2BD1B76974B665975A50DD8815321AB2
6B11163323F6A85C07BF1B76BA74C

Volco52_AppIn-ABST.pdf 02FA40288A3361CA60F88C3EQE01249A87E851D685CES3E158
6459B2D4796396EC6701B7B05AA1A33D3940E 75F5846837A12
AD64DAF8D2968D2B5B2C1118E4D4

Volco52_ Drawings.pdf 0964FBA2BFASEEEB9E52993076EA2D920E4A72171F 3F D585A

D381BCDBE1D421719873DB26236422D14EE5DE4E2197C4BC
DC58464EB83611F3BBB4FOEB7B46A2E

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.8.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.5.C. 371

If a imely submission to enter the national stage of an international application is compliant with the conditions of 35 U.5.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.5.C. 371 wiil be issued in addition to the Filing Receipt in due course.

New International Application Filed with the USPTO as a Receiving Office
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If a new international application is being filed and the international application includes the necessary components foran
international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.



PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L. Attorney Docket Number | 67540/00052
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Retractable Roof

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1 e
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Richard VOLLEBREGT
Residence Information (Select One) () US Residency  (¢) Non US Residency () Active US Military Service
City Brantford Country of Residence i CA

Mailing Address of Inventor:

Address 1 4 Kerr Shaver Terrace

Address 2

City Brantford ‘ State/Province 1 ON

Postal Code N3T 6H7 | Countryi CA

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Wayne LICKERS

Residence Information (Select One) () US Residency  (8) Non US Residency () Active US Military Service

City Brantford Country of Residence i CA

Mailing Address of Inventor:

Address 1 63 Varadi Ave.
Address 2

City ‘ State/Province ] ON
Postal Code N3R 3N2 } Countryi 1 CA

Inventor 3
Legal Name

EFS Web 2.2.13
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Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB conirol number.

L. Attorney Docket Number | 67540/00052
Application Data Sheet 37 CFR 1.76 —
Application Number
Title of Invention | Retractable Roof
Prefix| Given Name Middle Name Family Name Suffix
Shane William LEWIS
Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service
City |Cambridge Country of Residence i CA
Mailing Address of Inventor:
Address 1 67 Kenmore Ave.
Address 2
City Cambridge | State/Province ] ON
Postal Code N1S 3H4 \ Countryi CA
Inventor 4 e
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Jeff DRABBLE
Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service
City Brantford Country of Residence i CA
Mailing Address of Inventor:
Address 1 4 Kings Hill Lane
Address 2
City Brantford l State/Province ] ON
Postal Code N3T 6A4 } Countryi CA
Inventor 5 B
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Graham MCDONALD
Residence Information (Select One) () US Residency  (¢) Non US Residency () Active US Military Service
City Brantford Country of Residence i CA
Mailing Address of Inventor:
Address 1 2 Admiral Rd.
Address 2
City Brantford ‘ State/Province ON
Postal Code N3R 1L4 | Countryi { CA

EFS Web 2.2.13



PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB conirol number.

Attorney Docket Number | 67540/00052

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Retractable Roof

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 27871
Email Address epatent@blakes.com ~ Add Email

Application Information:

Title of the Invention Retractable Roof

Attorney Docket Number| 67540/00052 Small Entity Status Claimed
Application Type Provisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 40 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 7
filed application

Publication Information:
[[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

EFS Web 2.2.13




PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB conirol number.

Attorney Docket Number | 67540/00052

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Retractable Roof

Please Select One: (®) Customer Number (O Us Patent Practitioner | (O Limited Recognition (37 CFR 11.9)
Customer Number 27871

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status Remove

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13
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Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB conirol number.

.. Attorney Docket Number | 67540/00052
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Retractable Roof

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application {see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or muitilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1.

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search resuits from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.13
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Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB conirol number.

Attorney Docket Number | 67540/00052

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Retractable Roof

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(® Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here.

Organization Name Volco Inc.

Mailing Address Information For Applicant:

Address 1 30 White Swan Road

Address 2

City Brantford State/Province ON
Countrf CA Postal Code N3T 5.4
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.13



PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB conirol number.

Attorney Docket Number | 67540/00052

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Retractable Roof

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Si g nature: _Remove

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Laurie C. Wright/ Date (YYYY-MM-DD})| 2023-07-27

First Name | Laurie C. Last Name | WRIGHT Registration Number | 74,698

Additional Signature may be generated within this form by selecting the Add button.

EFS Web 2.2.13
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Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB conirol number.

Attorney Docket Number | 67540/00052

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Retractable Roof

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.13



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5 US.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(q)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.

EFS Web 2.2.13
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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.

0006. 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.

0007. 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 and support a gutter that collects the rainwater. 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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0008. 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.
Such crops 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 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. Moreover, the
value of the rain shedding capabilities only starts in year 3 when cherry trees start to produce fruit. In
addition, crops like cherries can tolerate having rain fall in between the rows of trees as long as the
rain does not fall on the tree or fruit whereas crops like vegetables need a gutter system below the
retractable roof to catch the rainfall from the valley since the crops cover most of the area beneath

the roof.

0009. 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 and protect from frost, wind, sunburn and 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.

0010. Whilst the seasonal covering may provide for protection from extreme weather events over
the growing season, the covering changes the climate 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.

0011. 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 arrives, resulting in

damage to the covering or fruit.
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0012. Rain coverings have also been proposed that are moved with a drive system powered by a
rope or cable at the peak that is powered by motor and 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 however the roofs on each set of peaks are operated
individually which takes more time and reduces that chance that the covers are deployed or

retracted in time.

0013. To be able to move the covering when it is only powered at the peak, 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.

0014. 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.

0015. In such an arrangement, 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. This causes sections of
the roof to not be completely closed allowing rain to enter and damage the fruit or for heat to escape.
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. This adds to the cost and complexity for installation and maintenance especially when

covering fields with rolling grades.

0016. One covering system marketed by Valenti under the trade name Wayki

(https:/ivalentepalicomfen/orchard/orchard-coverings/antirain/multishield/wayki) 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 ensure the covering remains in
a fixed position. A strong wind can blow a closed cover open or an open cover closed.

0017. Itis an object of the present invention to provide a retractable roof in which the above

disadvantages may be obviated or mitigated.
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SUMMARY OF THE INVENTION

0018. 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 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 between said first
location and a second location on another of said sections spaced from said first location and
operably connected to said drive member to move said second location conjointly with said first
location, whereby movement of the first location of one section is transferred through the tensile

member to the second location of the other section to cause a corresponding movement.
0019. Preferably each of said locations is adjacent a respective one of the guide wires.

0020. 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.

0021. 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.
0022. BRIEF DESCRIPTION OF THE DRAWINGS

0023. Embodiments of the invention will now be described with reference to the accompanying

drawings in which;:

0024. FIG 1 is a perspective view of a retractable roof structure showing a covering in an open

position;

0025. FIG 2 is a perspective view similar to figure 1 showing a covering in a closed position;
0026. FIG 3 is a view on the line llI-1ll of FIG 2;

0027. FIG 4 is a rear perspective of a drive system used on the roof structure of FIG 1;

0028. FIG 5 is a top perspective view of an opposite end of the roof structure of FIG 1 to that
shown in FIG 4;
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0029. FIG 6 is a view similar to FIG 5 of an intermediate portion of the roof structure of FIG 1;
0030. FIG 7 is an enlarged perspective view of the connection of the covering to the drive system;

0031. FIG 8 is a perspective view showing the connection of the covering to guide wires at the

eaves of the covering;

0032. FIG 9is a rear perspective view showing the covering in a deployed, closed position

adjacent to the drive system;

0033. FIG 10is a view similar to FIG 9 showing the covering in a retracted, open position;
0034. FIG. 11 is a view similar to that of FIG. 9 at the opposite end of the roof structure;
0035. FIG. 12 is a view similar to FIG. 10 at the opposite end of the roof structure;

0036. FIG. 13 is a plan view of the roof structure of FIG. 1 showing operation in moving to the

deployed, closed position;

0037. FIG. 14 is a plan view of the roof structure of FIG. 1 showing operation in moving to the

deployed, closed position;

0038. FIG. 15is a schematic representation of a cable run shown in FIG. 14;
0039. FIG 16 is an enlarged sectional view of an edge of one of the covers;
0040. FIG. 17 is a view similar to FIG. 2 of an alternative embodiment;

0041. FIG. 18 is a perspective view similar to FIG. 1 of a further alternative embodiment of roof

structure;

0042. FIG. 18A is an enlarged view of the portion of FIG 18 within the circle A;

0043. FIG. 19is a side view of the roof structure of FIG. 18 in a deployed or closed position;
0044. FIG. 20 is a side view similar to FIG.19 of the roof structure in an open position;
0045. FIG. 20A is an enlarged view of the portion of FIG. 20 within the circle B;

0046. FIG. 21 is a plan view of the roof structure of FIG. 18 showing movement to a deployed,

closed position;
0047. FIG. 22 is a view similar to FIG 21 showing movement to an open position;

0048. FIG. 23 is a perspective view of tensioning system used with the drive member shown in FIG
18;
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0049. FIG 24 is a view similar to FIG 23 of an alternative tensioning system;
0050. FIG. 25 is an end view of the roof structure of Figure 18;

0051. FIG. 26 is a perspective view of the attachment of the roof panels of the embodiment of FIG.

18 to the drive system;

0052. FIG. 27 is a schematic representation of water flow from the roof structure of FIG. 18 in two
alternative configurations;

0053. FIG. 28 is a perspective view of the roof panel in a first of the configurations of FIG. 27;

0054. FIG. 29 is a perspective view of the roof panels in the second configuration shown in FIG.
27;

0055. FIG. 30 is a perspective view of a support structure for the drive shown in FIG. 18;
0056. FIG. 30A is an enlarged view of the circled portion of FIG 30;
0057. FIG 31 is an end view of a still further embodiment of drive system for a roof structure;

0058. Fig 32 is a side schematic view similar to Figure 19 of a yet further embodiment of roof

structure;
0059. Fig 33 is a side view of a portion of the structure shown in Fig 32 on an enlarged scale;
0060. Fig 34 is a side view of a further portion of the roof structure of Fig 32 on an enlarged scale;

0061. Fig. 35 is a further side view of the portion of roof structure shown in Fig. 33 on an enlarged

scale;

0062. Fig. 36 is a perspective view of a cable run and associated guide at one end of the roof

structure;

0063. Fig 37 is an enlarged view of Fig 36;

0064. Fig 38 is an enlarged view of a lower portion Fig 36;

0065. Fig 39 is an end view of the roof structure;

0066. Fig 40 is an enlarged view of a cable guide shown on Fig 39, and
0067. Fig. 41 is an enlarged view of a roof support shown on Fig 40.

0068. 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 criented north to south for optimum

-6 -
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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.
Likewise, multiple roof structures 10, each with multiple rows R may be positioned side by side with
each roof structure having its own drive system.

0069. The roof structure 10 comprises support structures 11 positioned at regular intervals along
the row R to define a number of bays B for each row R. A spacing of the supports 11 of four metres
is typical but different spacing may be used depending on the particular site and application.

0070. Each of the support structures 11 includes three laterally spaced posts 12. Lateral wires 14
are spaced apart vertically and extend horizontally between the posts 12 of each support structure
11. One of the lateral wires 14 is positioned at the top of the posts 12 and the other lateral wire 14 is
spaced approximately one third of the height of the post below the upper lateral wire, depending on
the crop being protected. Where multiple rows R are to be protected the wires 14 may extend across
the whole of the growing area. The height of the upper wire 14 will depend on the crop C but a

height of 3.5 metres is typical.

0071. Where a single row R is to be protected, the wires 14 may be replaced by a rigid arm to
define the lateral extent of the roof structure 10. Again, this will depend on the crop C but an overall
length of the arm of three metres is typical, 1.5 metres to each side of the post 12 with the arm 3.5

metres above the ground.

0072. The posts 12 are stabilised by tie wires and ground anchors 13 and a stabiliser wire 15
extends between the top of the central posts 12 to transfer loads between support structures 11of
the same row R. The horizontal wires 14 are tensioned by tensioners 17 (Fig 9) mounted on the

outer of the posts 12.

0073. 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 lower lateral wires 14 and are connected to lateral 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 seenin FIG. 3.

_7-
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0074. 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 sections 26a, 26b. Each
section 26 is dimensioned to extend between adjacent support structures 11, i.e. across one bay B,
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 hocks 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 U.S. patent 5,761,776, the contents of which are incorporated herein by

reference, and need not be described further at this time.

0075. 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.

0076. As can best be seenin 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.

0077. 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.

0078. 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
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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.

0079. 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
s0 that as the shaft 54 rotates, the driving run 64 and return run 66 move in opposite directions but
remain a constant length.

0080. 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.

0081. 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 to 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 comer at the leading edge of the panel 28 to the flange 94.

0082. 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.

0083. 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.
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0084. 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.

0085. 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 members 120 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.

0086. 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.

0087. 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.

0088. 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.

0089. 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

-10 -
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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.

0090. 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. WWhen 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.

0091. 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.

0092. 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.

0093. In some circumstances, depending primarily on the dimensions of the sections 26, itis 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
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the connection would be to one of those. The effect of this is to increase the included angle between
the tensile members 122 and 124 and thereby reduce the lateral forces acting on the lower corner of

the panel 28.

0094. 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.

0095. 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.

0096. 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.

0097. 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.

0098. 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.

0099. 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.

0100. A further embodiment of a retractable roof structure is shown in FIG.s 18 to 30 where like
reference numerals will be used to describe like components. The variability of tension in the roof

covering 20 may cause flapping of the covering if the tension is reduced significantly, which in turn
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may lead to a reduced life for the covering. Alternatively, if the tension is too great, the sliding of the

hooks is inhibited and extra loads are applied to the drive system 50.

0101. These issues are mitigated in the embodiment shown in FIG 18. The roof structure 10
includes longitudinally spaced supports 11 with a stabiliser wire 15 connected to each of the central
posts 12. A hanger 200, shown in greater detail in FIG 18A is located midway between the posts 12
and extends between the stabiliser wire 15 and the ridge wire 16. The hanger 200 has a U-bolt 202
at its upper end to engage the stabiliser wire 15 and an adjustable U-bolt 203 at its lower end. The
bolt 203 may be adjusted to different positions on the hanger 200 to transfer load between the wires
15, 16 and inhibit vertical separation of the wires 15, 16. The hanger 200 is secured to each of the
wire 15, 16 by the bolts 202, 203 to inhibit longitudinal movement of the hanger 200.

0102. Additional support for the stabiliser wire 15 is provided by intermediate posts 204 with lateral
wires 206 extending between the posts 204.

0103. The covering 20 is divided into sections 26 between each of the support structures 11 but in
this embodiment, in view of the connection of the hanger 200 to the ridge wire 16, each section 26 is
divided in to two subsections 206. The peak of each subsection 206 is slidably supported on the
ridge wire 16 and the eaves are slidably supported on the eave guide wires 18.

0104. Each subsection 206 has a leading edge 208 and a trailing edge 210. The leading edge 208
is free to move between a retracted and deployed position by sliding on hooks along the ridge wire
16 and eave guide wire 18 as discussed above. Movement of the trailing edge 210 is prevented at
the peak by abutment with the hanger 200 in midspan or the post 12 at one end of the section 26.
Similarly, each of the trailing edges 210 is secured to the eave guide wire 18 by an abutment of the
ring 30 with clamp 212 as shown in FIG. 26. The hanger 200 provides additional support for the
ridge wire 16 from the stabiliser wire 15 without reducing the spacing between the support structures
1.

0105. As can be seenin FIG. 19 the peak of the leading edge 208 of each subsection 206 is
secured to the driving run 64 of the drive cable 60 by a plate 90, similar to that shown in FIG. 7 so
that the subsections 206 may be moved between retracted and deployed positions in unison. To
maintain tension in the drive cable 60 as the direction of drive is reversed, a spring tensioner
assembly 220 is incorporated into the return run 66. The spring tensioner assembly 220 is shown in
greater detail in FIG. 23 with an alternative embodiment shown in FIG. 24. Referring to FIG. 23, an

extension spring 222 is clamped to the return run in an extended state so that it applies a tension to
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the cable. Any slackness in the drive cable 60, such as can occur when the direction of movement is

reversed, causes the spring to contract and restore the tension.

0106. A plate 224 is connected to the return run 66 and carries a cable capstan 226 mounted at
one corner. A tensile member which could be wire or cable, referred to as a diverter wire, 124, is
connected to the capstan and passes forwardly through pullies 136, 134, 132 (FIG 19) to the leading
eave of the first subsection 206. The wire 124 passes along the eaves of the covering and is
secured to the leading edge 208 of each panel 28 by an S-clip 228 and clamp 230 (FIG 26). Each of
the leading edges 208 is therefore secured at the eave to the diverter wire 124,

0107. The diverter wire 124 continues to the distal support structure 11 where it is routed through

the pullies 132, 134, 136 and connected to the return run 66 in the distal subsection 206.

0108. A similar diverter wire 124 is routed along the opposite eave and connected to each of the
leading edges 208, as indicated in FIG. 21 and 22 so that both eaves are moved in unison by

respective diverter cables.

0109. Where necessary, a second tensioning spring 232 is incorporated into the diverter wire 124

as shown in FIG 24 to maintain tension in the diverter wires 124.

0110. The pulley 132 is supported on a lateral wire and therefore subject to changes in orientation
as the tension in the diverter wire 124 varies. To alleviate this, the pulley 132 is incorporated into the
connection of the eave guide wire 18 as shown in FIG. 30. A wire tensioner 250 has a U-shaped
body 252 which supports a spindle 254. A locking disc 256 is mounted on one end of the spindle 254
and a square drive boss 258 provided at the opposite end of the spindle 254,

0111. The body 252 has a sleeve 260 that receives the lateral wire 14. The eave guide wire 18 is
wrapped around the spindle 254 and torque applied through the boss 254 to impart a significant
tension in the guide wire 18. The locking plate 256 is then pinned to the body 252 to maintain the
tension. Alternatively, the body 252 could be clamped onto the lateral wire 14

0112. The body 252 has an ear 262 extending above the guide wire 18 with pulley 132 mounted on
the ear. The pulley is aligned with the guide wire and forces in the diverter wire 124 are resisted by
the tension in the guide wire and lateral wire 14 to reduce deviation in the pully 132. The pulley 132
can be aligned with the eave guide wire 18 by installing washers between the pulley and the ear.

0113. In operation, to move the cover from a retracted to a deployed position as shown in FIG 21,
the drive system 50 is operated to rotate the drive shaft 54 and pull the driven run 64 of the drive
cable 60 toward the support 11. The driven run 64 moves the peak of leading edge 208 of the first
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sub section 206 along the ridge wire 16 toward the support 11 and so closes the cover. The peak of
each of the successive subsections 206 is similarly moved along the ridge wire to close each

subsection.

0114. The return run 66 of drive cable 60 is moving in the opposite direction and transmits that
movement through the pullies 132, 134, 136 to the leading edges 208 of the subsection 206 at the
eaves. Because of the direction reversal through the pullies, the eaves are also pulled toward the

support 11 so that the peak and eaves move conjointly to the closed position.

0115. To open the covering 20, the shaft 54 is reversed (FIG 22) so the driven cable pulls the peak
away from the support 11 and causes a corresponding movement of the diverter wire 124 along the

eaves. The covering 20 is thus retracted.

0116. Where the roof structure extends over multiple rows of trees as illustrated in FIG 25 a single
eave guide wire 18 and diverter wire 124 may be used in each valley. The adjacent lower edges of
each panel 28 are connected by elastic bands 29 to the common eave guide wire 18 so they can
slide in unison along the eave guide wire 18 and the connection to the diverter wire 124 is duplicated
s0 movement of the diverter wire 124 will act to move adjacent leading edges at the eave. It will also
be noted that a common drive 50 can be used with multiple rows R using a single linear shaft 54 to
power drive cable of each row R. The shaft is supported on the structures 11 at a common height

and so avoids a complex jointed arrangement.

0117. The elastic bands 29 used to connect the panels to the eave guide wire 18 provide a degree
of resilience to accommodate wind loads and fluctuating tensions caused by the movement along
the wires but also introduce a spacing of the lower edges 36 between adjacent rows. In some
circumstances this can lead to an ingress of rainwater as shown in FIG 27 and 28 and also an
egress of heat. To alleviate these effects, a flap 240 is provided along the lower edge of the panels.
The flaps 240 are connected to one another periodically, for example by staples, snap fasteners,
hook and barb fastening or the like to form a gutter. The spacing between the fastenings allows
water to escape and fall to the ground between the row without damaging the crop. As the panels 28
of adjacent subsections move in unison the periodic fastening allows folding of the panels 28 without

interfering with the operation.

0118. In the embodiment of FIG 18 — 30, the diverter wire 124 is used to move the first and last
leading edges as described in the embodiment of FIGs 1 to 17 and also to move the intermediate

leading edges to avoid the use of the tensile members 120, 122.
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0119. A further embodiment is shown in Fig 31 in which the diverter wires 124 are directly
connected to the shaft 54. The diverter wires are wound in the opposite direction to the driven run 64
to produce a reversal of direction and avoid the connection to the driven run of the drive cable 60.
However, the wrapping on the shaft 50 in this manner introduces misalignment causing wear and

fraying of the cable so that the embodiment of FIG 18 is preferred in most applications.

0120. A yet further embodiment, similar to that of Figures 18 to 30, is shown in Figures 32 to 41
with like reference numerals denoting like components. As in previous embodiments and as shown
generally in Fig. 32, the roof structure 10 is arranged as a series of bays B over a row R with each
bay delimited by a pair of support structures 11. The support structures 11 are uniformly spaced
between a leading structure 11 at the leading end and the structure 11 at the distal end of the row
R.

0121. As can be seen in Fig. 39, the retractable roof is arranged as a ridged profile with the
covering 20 supported on a ridge wire 16 and laterally spaced eave wires 18. A common drive shaft
54 (Figs.32, 33, and 35) is supported on the structure 11 at the end of each row and where multiple
rows are to be covered the shaft 54 extends between the support structures 11 at one end of each

row R in the manner shown in Figure 25.

0122. A drive cable 60 extends as an endless loop between the central posts 12 at the opposite
ends of the row R with a driven run 64 and a return run 66. The leading edge of each panel 28 is
connected to the driven run 64 by a plate 90, as described above with respect to Figures 7 and 19,
so the peak of each panel 28 is moved along the ridge guide wire 16 by the movement of the driven
run 64.

0123. As described above with respect to the embodiment of Fig. 18, the leading edges of each of
the panels 28 are connected to a diverter wire 124 adjacent the eave support wire 18 which is
entrained at one end about pullies 132, 134, 136 and derives its movement from operation of the
drive cable 60 as will be described more fully below. Referring to Fig. 36 - 38, the pulleys 132, 134
are mounted on a vertical tube 300 which extends between the upper and lower horizontal wires 14.
The upper wire 14 is clamped to the tube 300 by a U-bolt or similar clamp using one or more of an
array of adjustment holes 301. A foot 302 projects from the lower end of the tube 300 and has
adjustment holes 304 equally spaced along its upper and lower faces. A cross beam 306 is bolted to
the foot 302 using the holes 304 and has a pair of cable clamps 308 on its upper surface that retain
the lower wire 14.
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0124. The vertical tube 300 and the foot 302 are connected to upper and lower cables 14 instead
of a rigid member since orchards are not always built on flat land and existing orchards do not
always have a consistent spacing between tree rows which means that supports 12 may be at a
variable spacing. Using cables 14 instead of a rigid member allows for the house to follow rolling

grades and for supports 12 to be a variable spacings without any customization.

0125. The tensioner 250 for the eave wire 18 is welded or otherwise secured to the front face of the
tube 300 with the pulley 132 mounted on its side face immediately above and the pulley 134
mounted on the front face adjacent the upper wire 14.

0126. The tube 300 maintains the spacing between the pullies 132, 134 as tension is applied to the
diverter wire 124. The connection to the wires 14 also maintains the lateral spacing between
adjacent eave wires 18. The tension applied through tensioner 250 will cause bowing of the lower
wire 14 and the holes 304 allow adjustment of the cross beam on the foot 302 to maintain the tube
300 substantially vertical, thereby maintaining the required geometry of the diverter wire 124.

0127. As can best be seen in Figures 33, 35 and 36, the diverter wire 124 passes through the
pulley 136 and extends parallel to the ridge wire 16 away from the end support 11. The diverter wire
124 passes around a direction reversing pulley 310 that is mounted to the centre post 12 of the
support at the end of the second bay B so that it extends back toward the end support 11. The
diverter wire 124 is connected to the driven run 64 by a clevis or tightener 312hat is pivotally
connected to the plate 90 that connects the leading edge of the second panel 28 to the driven run
64. The plate 90 is secured to the driven run 64 by clamps 314 and is free to slide on the ridge guide
wire 16. The plates 90 are spaced apart by the length of one bay so that when the leading edge of
panel 28 abuts the end support structure 11, the clevis 312 is adjacent the support structure 11

between the first and second bays B.

0128. A similar configuration is provided at the distal end of the row R as shown in Fig. 34 with a
reversing pulley 316 mounted on the second support structure from the distal end structure 11 and
the diverter wire 124 entrained about the pulley 316 and connected to the plate 90 secured to the

driven run 64.

0129. In operation, assuming the roof 20 is in an open position, the plate 90 will be positioned
adjacent the support structure 11 separating the first and second bays B and the link 312 and its
associated plate 90 positioned adjacent the support structure separating the second and third bays
B. The drive shaft 54 is rotated to move the driven run and pull the peak toward the leading end
structure 11. The link 312 is moved in the same direction by the driven run 64 and causes a
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carresponding travel of the diverter wire 124. The direction of the diverter wire 124 is reversed by
the pulley 310 to move the diverter wire 124 through the pullies 136, 134, 132 and pull the leading

edge of the panel 28 at the eave toward the end structure 11.

0130. At distal end, as the driven run 64 pulls the cover to the closed position, the connection of the
diverter wire 124 to the driven run 64 moves towards the pulley 316 and the diverter wire 124 is

released and passes through the pulleys to allow movement of the panels 28 at the eaves.

0131. Movement of the roof from a closed to open position is the reverse of the above with the
retraction of the eaves being initiated by tension in the diverter wire 124 at the distal end with a

carresponding release at the leading end.

0132. By adopting the routing of the diverter wire 124 discussed above, it will be noted that there is
a relatively short distance between the point of application of the drive force at the peak and the
transmission of that motion through the diverter wire to the eaves. By contrast, in the embodiment of
Fig 19, movement of the connection of the diverter wire 124 to the return run 66 is obtained by the
application of a force along the driven run 64 from the leading edge to the distal end and back on the
return run 66 to the connection of the diverter wire. Because of the significant length of the rows R
there is the potential for a significant elongation of the drive cable which may result in misalignment
of the peak and eaves at the end of the travel.

0133. To maximize heat retention without the use of flaps as in fig 27, fig 30 shows the loops 30
from adjacent roofs 28 are connected onto the same valley wire 18 without the use of elastics 29,
thus creating a small opening where little heat can escape, but rain can pass. This is possible
because the ridge wires are powered by the same drive shaft 50 and the roof sections move

conjointly. This permits the loops 30 from adjacent roofs to be connected to the same valley wire 18.

0134. In order to avoid undue friction and wear of the loops 30 as the diverter wire 124 moves
along the valley, each of the lower horizontal wires 14 is used to support a cable guide 320 as
shown in Figures 39 and 40. The cable guide 320 has a horizontal rod 322 that is spaced from the
wire 14 by a stack of blocks 324. The rod 322 extends laterally to each of the edges 36 of panels to
overlie loops 30 and the diverter wire 124 lies on the upper surface of the rod 322. As the diverter
wire 124 is moved, the rod maintains a clearance between the wire 124 and loop to avoid abrasion.
There are alternate ways to support the rod 322 above the diverter wire 124 like a U shaped
member where the bottom of the U is connected to the block 324 and the vertical legs of the U
support the rod 322.

-18 -
247747814.1



0135. Itis desirable that the width of the panel 28 is the same for all locations where the spacing of
the support posts 12 from peak to peak is the same. To accomplish this, the horizontal distance
from the support post 12 to the valley 18 must be consistent in order for the length of the slope to be
the same. In fig 39 and 41, the tightener 17 at the outside wall interferes with the positioning of the
cable 18 causing it to be located inboard from the post 12 which would cause the distance from the
peak wire 16 to the valley wire 18 to be shorter. If the same width panel was installed on the outside
slope adjacent to the outside wall, the roof would be baggy and will suffer mechanical damage due
to flapping. In order to have the length of the slope of the panel 28 the same at all locations, the

valley wire 18 is repositioned below the horizontal wire 14.

0136. Moreover, in certain situations where multiple crop protection systems are to be arranged
side by side it is important that the spacing of the posts 12 is maintained at an industry norm
typically 4000 mm. and 2000 at the outside postline to support %2 of the roof) In that case, the
tensioner 17 for the horizontal wires 14 and the eave support wire 18 have to be located inboard of
the post 12 so a similar connection can be made on the other side of the post for the adjacent roof
system. However, the width of the panel 28 is the same for all panels and to avoid excessive
flapping of the panel 28 it is necessary to mount the outside panel differently while still retaining the

functionality of the retractable roof 20.

0137. Referring to Figures 39 and 41, it can be seen that the lateral edge 36 of the outer panel 28
is connected to the post 12 below the horizontal wire 14. The tensioner 17 has a clevis 330 that is
bolted to the post 12. A bracket 332 is welded to the clevis 330 and depends below the guide wire
14 to receive a cable clamp 334. The clamp 334 locates the eave support wire 18 at a position that
the distance from the ridge wire 16 to each of the eave guide wires 18 is the same. A hook 30
secures the panel 28 to the eave wire18 to retain the necessary tension and avoid excessive
movement of the panel.

0138. A strap 336 extends from the post 12 to the bracket 332 to provide lateral support for the
bracket and maintain the position of the eave wire 18.

0139. A support rod 338 projects laterally inwardly from the bracket 332 above the cable clamp 334
and holds the diverter wire 124 above the hook 30 to avoid abrasion in a manner similar to the
rod312 employed in the valley.

0140. In each of the embodiments, it will be seen that a tensile member is used to transfer motion
from one location, typically the peak, to another location, typically the eave so that conjoint
movement of the locations is attained. The provision of the tensile member to transfer motion from
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one location to another enables a single linear drive shaft to be utilised for multiple rows without the
need for jointed drive shafts or multiple shafts and related bracing complications. The panels forming

the roof are maintained under control when open or closed to enhance the protection offered.

0141. 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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Whatis 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 between said first location and a second location on another of aid
sections spaced from said first location and operably connected to said drive member to move said
second location conjointly with said first location, whereby movement of the first location of one
section is transferred through the tensile member to the second location of the other section to

cause a corresponding movement.

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

the guide wires.

3. 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.

4 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.

5. 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.
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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, extend 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.

22
247747814.1



