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Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450
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| APPLICATION NUMBER | FILING OR 371(C)

DATE FIRST NAMED APPLICANT

ATTY.DOCKET NO./TITLE REQUEST ID

15/517,288 04/06/2017

Per E. Fenger

400517-20003 167511

Acknowledgement of Loss of Entitlement to Entity Status Discount

The entity status change request below filed through Private PAIR on 06/06/2022 has been accepted.

CERTIFICATIONS:

Change of Entity Status:

applicable.

X Applicant changing to regular undiscounted fee status.
NOTE: Checking this box will be taken to be notification of loss of entitlement to small or micro entity status, as

This portion must be completed by the signatory or signatories making the entity status change in accordance

with 37 CFR 1.4(d)(4).
Signature: David S. Safran/
Name: David S. Safran

27997

Registration Number:

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/517,288 08/13/2019 10378518 400517-20003 1448
25570 7590 07/24/2019
Roberts Mlotkowski Safran Cole & Calderon, P.C.
7918 Jones Branch Drive
Suite 500

McLean, VA 22102

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 23 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Per E. Fenger, Terndrup, DENMARK;
LIFTRA IP APS, Aalborg SV, DENMARK;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in

the world to develop technology, manufacture products, and grow your business, visit SelectU$gEx. 1006
IR103 (Rev. 10/09) LiftWerx USA Inc. v. LiftralP ApS

| PR2026-00102
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Application/Control No. Applicant(s)/Patent Under
Reexamination
) ] 15/517,288 FENGER, PER E.
Notice of References Cited . .
Examiner Art Unit
CHWEN-WEI SU 3722 Page 1 of 1
U.S. PATENT DOCUMENTS
* Coumfj?o“;g_‘;';‘m'igf_”g‘:; code | MMy Name CPC Classification US Classification
* A | US-1,152,271 A 08-1915 Bisbee, R.A. A01K89/033 188/186
* B | US-1,853,255 A 04-1932 BORDEN BRADFORD T B23B31/101 279/110
* c | US-3,494,230 A 02-1970 GAST ALBERT K JR B23B31/16012 279/66
* D | US-4,623,157 A 11-1986 Rohs; Hans-Gunther B23B31/102 279/123
* E | US-4,631,995 A 12-1986 Vroenen; John J. B23B31/101 82/164
* F | US-5,015,003 A 05-1991 Ramunas; Valdas S. B23B31/16275 269/284
* G | US-2002/0092395 A1 07-2002 EMILIAN, BERNARD B23B5/163 83/452
* H | US-2010/0021278 A1 01-2010 STEGEMANN; Klaus B66C23/06 414/629
* | US-2010/0139069 A1 06-2010 Daniels; Jeffrey Michael FO3D1/00 29/402.01
* J US-2012/0141292 A1 06-2012 Signore; Jonathan Paul B66C1/108 416/244R
K | US-
L | USs-
M | US-
FOREIGN PATENT DOCUMENTS
* Countr??o%?—?\l?m’\tizrzig Code MME??\((—:‘YY Country Name CPC Classification
N | EP 1101934 A2 05-2001 e [ WEITKAMP ROLAND DIPL-ING B66C23/207
o | EP 1748182 A2 01-2007 WP CHRISTENSON CRAIG LEONARD FO3D13/10
P Change(s) appliecl
Q | to document,
R |4 .H.
S [6/28/20i19
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of PahéftMdeo 8062006
LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102
Page 3 of 349




PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to:  Mail Stop ISSUE FEE By fax, send to:  (§71)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

25570 7590 05/23/2019 Certificate of Mailing or Transmission
Roberts Mlotkowski Safran Cole & Calderon, P.C. [ hereby certify that this Fee(s) Transmittal is being deposited with the United
. ’ States Postal Service with sufficient postage for first class mail in an envelope
7918 Jones Branch Drive addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 500 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Meclean, VA 22102 {Typed or printed name
{Signature,
{Date
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. I CONFIRMATION NO. |
15/517,288 04/06/2017 Per E. Fenger 400517-20003 1448
TITLE OF INVENTION: MAIN SHAFT FIXTURE
l APPLN. TYPE I ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE l PREV. PAID ISSUE FEE l TOTAL FEE(S) DUE l DATE DUE l
nonprovisional SMALL $500 $0.00 $0.00 $500 08/23/2019

| EXAMINER ‘ ART UNIT l CLASS-SUBCLASS I
SU, CHWEN-WEI 3722 279-110000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, hist
CFR 1.363). (1) The names of up to 3 registered patent attorneys .
or agents OR, alternatively, 1 David S. Safran

] Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to  2_Roberts Mlotkowski Safran

2 registered patent att or agents. If no i
{.] "Fee Address" indication (or "Fee Address” Indication form PTO/ 1jsﬁi%{snfiaglaeeur;liuab(e)?r?ztsedl.— & ramers Cole & Calderon, P.C.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
LIFTRA P APS AALBORG, DENMARK

Please check the appropriate assignee category or categories (will not be printed on the patent) : (- Individual 4 Corporation or other private group entity IJ Government

4a. Fees submitted: HAissue Fee [ Jpublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[2 Electronic Payment via EFS-Web ) Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)
4 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 50-2478 (40051 7-20003)

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE; If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOQTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

| Applicant certifying micro entity status. See 37 CFR 1.29
a Applicant asserting small entity status. See 37 CFR 1.27

2 Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CER 1.4 for signature requirements and certifications.

Authorized Signature A (227 ) 7 pae _June 26, 2019
s O 2 o
Typed or printed name David S. Safran Registration No. 27,997
Liftwerx Ex. 1006
Page 2 of 3

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033  U.S. Patent and Trademalk i GFAYEN fi.é@@?k'ﬂ%’h)lﬁggz%ﬁzag%’%%%gmls
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Electronic Patent Application Fee Transmittal

Application Number: 15517288

Filing Date: 06-Apr-2017

Title of Invention: MAIN SHAFT FIXTURE

First Named Inventor/Applicant Name: Per E. Fenger

Filer: David Scott Safran/Paul Mahan
Attorney Docket Number: 400517-20003

Filed as Small Entity

Filing Fees for U.S. National Stage under 35 USC 371

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 2501 1 500 LiFtWerx E)S(f)(]).OOG

LittWerx USA Inc. v. LittralP ApS

| PR2026-00102
Page 5 of 349




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

500

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS

| PR2026-00102
Page 6 of 349




Electronic Acknowledgement Receipt

EFS ID: 36412063
Application Number: 15517288
International Application Number:
Confirmation Number: 1448

Title of Invention:

MAIN SHAFT FIXTURE

First Named Inventor/Applicant Name:

Per E. Fenger

Customer Number:

25570

Filer:

David Scott Safran/Paul Mahan

Filer Authorized By:

David Scott Safran

Attorney Docket Number:

400517-20003

Receipt Date: 26-JUN-2019
Filing Date: 06-APR-2017
Time Stamp: 09:35:59

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $500

RAM confirmation Number

062619INTEFSW09362400

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
LiftWerx Ex. 1006
LiftWerx USA Inc. v. LiftralP ApS
|PR2026-00102
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
86687
Issue_Fee_26Jun2019_AttyDkt
1 Issue Fee Payment (PTO-85B) - = no 1
_40051 7_20003pdf 266e84c1ab4255931e1e44e9918714e4452)
ceca8
Warnings:
Information:
30254
2 Fee Worksheet (SB06) fee-info.pdf no 2
a4810732b74d3aa07ce2fabab48dcd8bash)|
Warnings:
Information:
Total Files Size (in bytes): 116941

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.S.C. 111

If a new application is being filed and the application includes the necessary components for a 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.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.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.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an 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.

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102

Page 8 of 349




UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
25570 7590 05/23/2019
Roberts Mlotkowski Safran Cole & Calderon, P.C. SU, CHWEN-WEI
7918 Jones Branch Drive
Suite 500 | ART UNIT PAPER NUMBER |
McLean, VA 22102 3722
DATE MAILED: 05/23/2019
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
15/517,288 04/06/2017 Per E. Fenger 400517-20003 1448

TITLE OF INVENTION: MAIN SHAFT FIXTURE

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $500 $0.00 $0.00 $500 08/23/2019

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is avliilimk}& S%tEx 1006

www.uspto.gov/PatentMaintenanceFees. LiftWerx USA Inc. v. LiftralP ApS
Page 1 of 3 e

£ IPR2026-00102

PTOL-85 (Rev. 02/11) Page 9 of 349



PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

25570 7590 05/23/2019 Certificate of Mailing or Transmission

Roberts Mlotkowski Safran Cole & Calderon. P.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United
. ’ States Postal Service with sufficient postage for first class mail in an envelope
7918 Jones Branch Drive addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 500 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
McLean, VA 22102 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

15/517,288 04/06/2017 Per E. Fenger 400517-20003 1448

TITLE OF INVENTION: MAIN SHAFT FIXTURE

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 08/23/2019
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
SU, CHWEN-WEI 3722 279-110000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date

Typed or printed name

Registration No. S Ex-1006
LiftWerx USA Inc. v. LiftralP ApS

Page 2 of 3 , | PR2026-00102
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPAR%gI&S%WERCE




UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/517,288 04/06/2017 Per E. Fenger 400517-20003 1448
| EXAMINER |
25570 7590 05/23/2019
Roberts Mlotkowski Safran Cole & Calderon, P.C. SU, CHWEN-WEI
7918 Jones Branch Drive
Suite 500 | ART UNIT PAPER NUMBER |
McLean, VA 22102 3722

DATE MAILED: 05/23/2019

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Liftwerx Ex. 1006

Page 3 of 3 LiftWerx USA Inc. v. LiftralP ApS

IPR2026-00102

PTOL-85 (Rev. 02/11) Page 11 of 349



OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. 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 30 minutes to complete, including
gathering, preparing, and submitting the completed application 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, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

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. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record 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. A record 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. A record 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. A record 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 Cooperation Treaty.

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

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 whidhl ﬁWﬁ%t@h 1006
is referenced by either a published application, an application open to public insEMYER%Y FRis0Ged Jatlii@ 1P ApS

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, orI (%%Pi%xpgégg
o]

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or reguzfgﬁ .



Application No. Applicant(s)
; . 15/517,288 Fenger, Per E.
Notice of Allowability Examiner ArtUnit | AlA (FITF) Status
CHWEN-WEI SU 3722 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.
1.} This communication is responsive to 04/29/2019.

[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 3-4,6-9 and 11-12 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4 M} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll b) @ Some  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received: DKPA 2014 00573 .

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file areply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. ¥i Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. ¥} Other PTO-2323.

of Biological Material .
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/CHWEN-WEI SU/ /ERIC A GATES/
Examiner, Art Unit 3722 Primary Examiner, Art Unit 3722

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190517

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102
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Application/Control Number: 15/517,288 Page 2
Art Unit: 3722

DETAILED ACTION
Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
Priority
2. Acknowledgment is made of applicant's claim for foreign priority based on an
application filed in Denmark on 10/07/2014. It is noted, however, that applicant has not
filed a certified copy of the DKPA 2014 00573 application as required by 37 CFR 1.55.
3. It is noted that applicant filed an interim copy of the DKPA 2014 00573
application on 07/09/2018. However, it is not a certified copy.
Allowable Subject Matter
4. Claims 3-4, 6-9, 11-12 are allowed.
5. The following is an examiner’s statement of reasons for allowance:
6. The closest prior art of record is Signore et al. in view of Weaver et al. Signore in
view of Weaver teaches a main shatft fixture 128 for fixation of a main shaft on a wind
turbine as described in the Office Action mailed on 01/31/2019. However, Signore in
view of Weaver does not disclose the main shaft fixture “comprising one of a multi-part
needle bearing, roller bearing, or ball bearing comprised of a multi-part inner ring
fastened to the main shaft, and a cooperating multi-part outer ring comprised of bowed
sub-segments corresponding to the number of tap shoes, mounted on the opposing
side of the tap shoes facing the inner ring ...” as recited in independent claim 9.
7. In addition, Signore in view of Weaver does not teach “a flange element of a rotor

lock being fastened at the ends to a first end of two first beam-shaped brackets

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102

Page 14 of 349



Application/Control Number: 15/517,288 Page 3
Art Unit: 3722

extending parallel with each other, and being located on each side of the main shatft,
said beam shaped brackets forming part of the main shaft fixture, and where a second
end of the brackets is pivotally mounted with horizontally oriented bolt connections on
other brackets that form parts of the main shatft fixture and which are anchored on the
bottom frame of the nacelle.” as recited in the independent claim 11.
8. Other prior art or record, alone or in combination, also does not teach every
limitation of independent claims 9 and 11.
9. Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”
Conclusion

10.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to CHWEN-WEI SU whose telephone number is (571)272-
4998. The examiner can normally be reached on Monday-Friday 9:30 AM-6 PM ET.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Sunil K Singh can be reached on 571-272-3460. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102
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Application/Control Number: 15/517,288 Page 4
Art Unit: 3722

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/CHWEN-WEI SU/
Examiner, Art Unit 3722

/ERIC A GATES/
Primary Examiner, Art Unit 3722

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102
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Application/Control No. Applicant(s)/Patent Under Reexamination
Index of Claims | 5517 28 Fenger, Per E.
H“m H ““ ““l“ ““ ““ o .
CHWEN-WEI SU 3722
v | Rejected - | Cancelled N | Non-Elected A Appeal
= Allowed + | Restricted | | Interference O | Objected
CLAIMS
(] Claims renumbered in the same order as presented by applicant [J CcPA (O 1D (J R1.47
CLAIM DATE
Final Original | 06/22/2018 | 01/25/2019 | 05/17/2019
- 1 v v -
- 2 N4 - -
3 3 v v =
4 4 v v =
- 5 v v -
5 6 v v =
6 7 v v =
7 8 v v =
1 9 v = =
- 10 v v -
2 11 O = =
8 12 0 = =
- 13 N -

U.S. Patent and Trademark Office

Page 1 of 1

Part|of ft o ERD 1PORE

LiftWerx USA Inc. v. LiftralP ApS
| PR2026-00102
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

15/517,288 Fenger, Per E.
H “ ‘HH Examiner Art Unit
CHWEN-WEI SU 3722

CPC

Symbol Type Version
FO3D F 2016-05-01
B23B | 201320101
FO3D | 2016-05-01
Y10T A 20150115
Y10T A 20450115
Y10T A 2015-01=15
B23B A 2013:01-01
FO5B A 2013-01-01
FO5B A 201320101
FO3D A 2016-05-01
Y02P A 2015211-01
F16C A 20130101
FO5B A 2013:01-01
FO5B A 20130101
FO5B A 2013-01-01
F16C A 2043-01-01
YO2E A 2013-01-01
CPC Combination Sets

Symbol Type Set Ranking Version
CHWEN-WEI SU/ 17 May 2019
Examiner, Art Unit 3722 Total Claims Allowed:
(Assistant Examiner) (Date) 8

/ERIC A GATES/ 20 May 2019 . . _—
Primary Examiner, Art Unit 3722 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Page 1 of 3

Bartty\RametRie.: 2008517
LiftWerx USA Inc. v. LiftralP ApS
| PR2026-00102
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/ssue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination

15/517,288 Fenger, Per E.
Examiner Art Unit
CHWEN-WEI SU 3722

INTERNATIONAL CLASSIFICATION

CLAIMED

F03D80/50

B23B31/10

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

CROSS REFERENCES(S)

CLASS

SUBCLASS (ONE SUBCLASS PER BLOCK)

CHWEN-WEI SU/ 17 May 2019

Examiner, Art Unit 3722 Total Claims Allowed:
(Assistant Examiner) (Date) 8

/ERIC A GATES/ 20 May 2019 ) : N
Primary Examiner, Art Unit 3722 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Pafty\Ramere.: 200BS517

LiftWerx USA Inc. v. LiftralP ApS

Page 2 of 3

| PR2026-00102
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |57 2gg Fenger, Per E.

H “ “ ‘H Examiner Art Unit
CHWEN-WEI SU 3722

(O Claims renumbered in the same order as presented by applicant (J CPA [ T.D. (J R.1.47
CLAIMS

Final |Original]Final |Original|Final [Original|Final |Original|Final [Original]Final |Original]Final |Original]Final |Original
- 1 - 10
- 2 2 11
3 3 8 12
4 4 - 13
- 5
5 6
6 7
7 8
1 9
CHWEN-WEI| SU/ 17 May 2019
Examiner, Art Unit 3722 Total Claims Allowed:
(Assistant Examiner) (Date) 8
/ERIC A GATES/ 20 May 2019 . . -
Primary Examiner, Art Unit 3722 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Partty\Ramee.: 2OCH517

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Nofes 15/517.288 Fenger, Per E.
H““H““ “Hm “H“‘ o .
CHWEN-WEI SU 3722
CPC - Searched*
Symbol Date Examiner
B23B 31/101, 16, 16287; 2260/008, 0082, 0085; 2215/76; Y10T 279/ CSs
1986, 19, 3462, 1274, 1291, 17752, 17666, Y10S279/903 ;F05B 2230/ 6/21/2018
61, 2240/60, 2230/80; FO3D 80/50, 13/10.
Search update 01/25/2019 CS
Search updated 05/17/2019 CS
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the

search.

Search Notes

Search Notes Date Examiner
Consulted Eric Gates, CPC searches given 6/14/2018 CS
Inventor search 6/21/2018 CS
Interference Search

US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

As searched 05/17/2019 CS

/CHWEN-WEI SU/
Examiner.Art Unit 3722

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS

U.S. Patent and Trademark Office
Page 1 of 1

PartlPRG?8e0010R5 17
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Application No. Applicant(s)

15/517,288 .
AFCP 2.0 Fenger, Per E

DeCiSion Examiner Art Unit AlA (FITF) Status

CHWEN-WEI SU 3722 Yes

This is in response to the After Final Consideration Pilot request filed 29 April 2019.

1. Improper Request — The AFCP 2.0 request is improper for the following reason(s) and the after final amendment submitted with
the request will be treated under pre-pilot procedure.
(J An AFCP 2.0 request form PTO/SB/434 (or equivalent document) was not submitted.
(J A non-broadening amendment to at least one independent claim was not submitted.
(J A proper AFCP 2.0 request was submitted in response to the most recent final rejection.

UJ Other:
2. Proper Request

A. After final amendment submitted with the request will not be treated under AFCP 2.0.
The after final amendment cannot be reviewed and a search conducted within the guidelines of the pilot program.

UJ The after final amendment will be treated under pre-pilot procedure.

B. Updated search and/or completed additional consideration.
The examiner performed an updated search and/or completed additional consideration of the after final amendment
within the time authorized for the pilot program. The result(s) of the updated search and/or completed additional
consideration are:

1. All of the rejections in the most recent final Office action are overcome and a Notice of Allowance is
issued herewith.

(J 2. The after final amendment would not overcome all of the rejections in the most recent final Office action
. See attached interview summary for further details.

(J 3. The after final amendment was reviewed, and it raises a new issue(s). See attached interview summary
for further details.

(J 4. The after final amendment raises new issues, but would overcome all of the rejections in the most recent
final Office action. A decision on determining allowability could not be made within the guidelines of the
pilot. See attached interview summary for further details, including any newly discovered prior art.

(5. Other:

Examiner Note: Please attach an interview summary when necessary as described above.

U.S.Patent and Trademark Office LiftWerx Ex. 1006
PTOL-2323 (Rev. 10-14) AFCP 2.0 Decision LiftWerx USA |R@"\RfF3ReE No 28800517

IPR2026-00102

Page 22 of 349



Receipt date: 04/29/2019 15/517,288 ~ GAU: 3722
OK TO ENTER: /C.8./7

05/17/201%

Docket No. 400517-20003

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of : RESPONSE UNDER 37 CFR 1.116
Per E. Fenger : EXPEDITED PROCEDURE
Application No. 15/517,288 : EXAMINING GROUP 3722

Filed: April 6,2017 : Examiner: Chwen-Wei Su

For: MAIN SHAFT FIXTURE : Confirmation No. 1448

AMENDMENT AFTER FINAL UNDER PILOT PROGRAM 2.0

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

The following is presented in response to the Final Office Action issued January 31,

2019, in connection with the above-captioned patent application.

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. 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 displays a valid OMB control number.

APPLICATION AS FILED - PARTI

Application or Docket Number Filing Date
PATENT APPLICgIggmtEfEFFCEEEEg_IE\gIglATION RECORD 157517 288 040Nt 3o be Maed
ENTITY: [ LARGE smMALL  (J Micro

(Column 1} (Column 2}
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] Basic FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
() SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
D EXAMINATION FEE
(37 CFR 1.16(0), (0), or (q)) N/A N/A N/A
TOTAL CLAIMS . *
(37 CFR 1.16(1)) minus 20 = x 340 -
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) minus 3 = x $210 =
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Géi;ﬁ'ﬁggg'\' SIZE FEE (37 for small entity) for each additional 50 sheets or
' fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
(7] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
" If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
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— 04/29/2019 ;{E#"EAF'{N'NG gg'g\ﬁgﬁjsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
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E (37 GFR 1.16(i)) 8 Minus 20 =0 X $ 50 - 0
Z | Independent « : wx — —
| IR 2 minus | =+ 3 -0 x $230 = 0
< [ Application Size Fee (37 CFR 1.16(s))
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This collection of information is required by 37 CFR 1.16. 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 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
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Doc Code: A.NE.AFCP

Document Description: After Final Consideration Pilot Program Request

PTO/SB/434 (05-13)

CERTIFICATION AND REQUEST FOR CONSIDERATION UNDER THE
AFTER FINAL CONSIDERATION PILOT PROGRAM 2.0

Practitioner Docket No.:

400517-20003

Application No.:

15/517,288

Filing Date:

2017-04-06

First Named Inventor: Title:

Per E. Fenger

MAIN SHAFT FIXTURE

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS CONSIDERATION UNDER THE AFTER FINAL CONSIDERATION PILOT
PROGRAM 2.0 (AFCP 2.0) OF THE ACCOMPANYING RESPONSE UNDER 37 CFR 1.116.

1. The above-identified application is (i) an original utility, plant, or design nonprovisional application filed under
35 U.S.C. 111(a) [a continuing application {e.g., a continuation or divisional application) is filed under 35 U.S.C. 111(a) and is
eligible under (i)], or {ii) an international application that has entered the national stage in compliance with 35 U.S.C. 371{c).

2. The above-identified application contains an outstanding final rejection.

3. Submitted herewith is a response under 37 CFR 1.116 to the outstanding final rejection. The response includes an
amendment to at least one independent claim, and the amendment does not broaden the scope of the independent claim in
any aspect.

4, This certification and request for consideration under AFCP 2.0 is the only AFCP 2.0 certification and request filed in
response to the outstanding final rejection.

5. Applicant is willing and available to participate in any interview requested by the examiner concerning the present response.

6. This certification and request is being filed electronically using the Office’s electronic filing system (EFS-Web).

7. Any fees that would be necessary consistent with current practice concerning responses after final rejection under 37 CFR

1.116, e.g., extension of time fees, are being concurrently filed herewith. [There is no additional fee required to request

consideration under AFCP 2.0.]

8. By filing this certification and request, applicant acknowledges the following:

. Reissue applications and reexamination proceedings are not eligible to participate in AFCP 2.0.
. The examiner will verify that the AFCP 2.0 submission is compliant, i.e., that the requirements of the program have been met

(see items 1 to 7 above). For compliant submissions:

o  The examiner will review the response under 37 CFR 1.116 to determine if additional search and/or consideration
(1) is necessitated by the amendment and (ii) could be completed within the time allotted under AFCP 2.0. If
additional search and/or consideration is required but cannot be completed within the allotted time, the examiner
will process the submission consistent with current practice concerning responses after final rejection under

37 CFR 1.116, e.g., by mailing an advisory action.

o If the examiner determines that the amendment does not necessitate additional search and/or consideration, or if
the examiner determines that additional search and/or consideration is required and could be completed within
the allotted time, then the examiner will consider whether the amendment places the application in condition for
allowance (after completing the additional search and/or consideration, if required). If the examiner determines
that the amendment does not place the application in condition for allowance, then the examiner will contact the

applicant and request an interview.

. The interview will be conducted by the examiner, and if the examiner does not have negotiation
authority, a primary examiner and/or supervisory patent examiner will also participate.

. If the applicant declines the interview, or if the interview cannot be scheduled within ten {10) calendar
days from the date that the examiner first contacts the applicant, then the examiner will proceed
consistent with current practice concerning responses after final rejection under 37 CFR 1.116.

Signature Date
/David S. Safran/ 2019-04-29
Name Practitioner

(Print/Typed)

David S. Safran

Registration No.

27997

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. Submit multiple

forms if more than one signature is required, see below*.

ITJ * Total of 1

forms are submitted.
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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. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. A rrecord 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. A record 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. A record 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, pursuantto 5 U.S.C.
552a(m).

5. A record 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 Cooperation Treaty.

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

7. A record 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. A record 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 pubilic 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 inspection or an issued patent.

9. A record 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.
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Docket No. 400517-20003

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of : RESPONSE UNDER 37 CFR 1.116
Per E. Fenger : EXPEDITED PROCEDURE
Application No. 15/517,288 : EXAMINING GROUP 3722

Filed: April 6,2017 : Examiner: Chwen-Wei Su

For: MAIN SHAFT FIXTURE : Confirmation No. 1448

AMENDMENT AFTER FINAL UNDER PILOT PROGRAM 2.0

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

The following is presented in response to the Final Office Action issued January 31,

2019, in connection with the above-captioned patent application.
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Docket No. 400517-20003
Application No. 15/517,288
Page 5

REMARKS

By the above actions, claims 3, 4 & 6 have been amended to depend from allowed
claim 11, and claims 1, 2, 5, 10, 13 have been cancelled. Thus, since all of the remaining claims
have been either allowed or depend from a claim that has been allowed, this application should
now be in condition for allowance. However, in the event that any issues should remain after
consideration of this response, then the Examiner is requested to contact the undersigned by
telephone for the purpose of resolving any such issue and thereby facilitating prompt approval
of this application.

Respectfully submitted,

David S. Safran :
Registration No. 27,997

Customer No. 25570

Roberts Mlotkowski Safran Cole & Calderon, P.C.
7918 Jones Branch Drive, Suite 500
McLean, VA 22102

Direct Telephone: 703-584-3273

DSS:prm
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In the Claims;

1. (Cancelled).

2. (Cancelled).

3. (Currently Amended) The main shaft fixture (10) according to claim 11, [[1,]] further

comprising mounting facilities (40) for a lightweight crane (12).

4. (Currently Amended) The main shaft fixture (10) according to claim 11, [[1 .J] wherein the
pressure mandrels (18) are provided with actuators for displacing and retaining the tap shoes
(20) in the passive position and the active position, respectively, alternatively in a selectable

position between the passive and the active position.

5. (Cancelled).

6. (Currently Amended) The main shaft fixture (10) according to claim 11, [[1,]] wherein slide
plates (42, 44) are located between the opposing sides of the surface of the main shaft and tap

shoes.

7. (Previously Presented) The main shaft fixture (10) according to claim 6, wherein the slide
plates are configured so that the opposing free ends of the tap shoes (20) facing the main shaft
(4) are provided with a one of the slide plates (42) which in the active advanced position is

engaged with the main shaft (4).

8. (Previously Presented) The main shaft fixture (10) according to claim 6, wherein one of the
slide plates is a multi-part slide plate (44) cooperating with the main shaft (4) for mounting on
the main shaft (4), where the multi-part slide plate (44) in a mounted position on the main shaft

(4) cooperates with the tap shoes (20).
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9. (Previously Presented) A main shaft fixture (10) for fixation of a main shaft (4) on a wind
turbine during execution of installation and repair work on heavy parts of a wind turbine, where
the fixture (10) is divided up into a number of sections for mounting on stable structural parts
(2) in a nacelle in a wind turbine, including the bottom frame (2) of the nacelle, wherein the
main shaft fixture (10) comprises at least three radially displaceable pressure mandrels (18),
substantially symmetrical located around a centre axis (11) of the main shaft, first ends of said
pressure mandrels (18) face the main shaft (4) and are furnished with a tap shoe (20), and
wherein said pressure mandrels (18) are displaceable between a passive, withdrawn lockable
position where the tap shoes (20) are configured to be located at a distance from the surface of
the main shaft (4) and an advanced lockable position where the tap shoes (20) are configured
to be engaged with the main shaft (4), further comprising a rotor lock (24) for fixation of the
rotor (8) of the wind turbine, further comprising one of a multi-part needle bearing, roller
bearing, or ball bearing (46) comprised of a multi-part inner ring (48) fastened to the main shaft
4, anol= a therewith cooperating multi-part outer ring (50) comprised of bowed sub-segments
(52) corresponding to the number of tap shoes, mounted on the opposing side of the tap shoes
(20) facing the inner ring (48), which in the advanced active position of the pressure mandrels
form the outer ring (50) at a distance from the outer periphery of the multi-part inner ring (48),
and where a plurality of needle rollers, rollers, or balls (54) are arranged between the inner ring
(48) and the outer ring (50), and where means are present for retaining the needles, rollers, or

balls (54) in position between the inner ring (48) and outer ring (50).
10. (Cancelled).

11. (Previously Presented) A main shaft fixture (10) for fixation of a main shaft (4) on a wind
turbine during execution of installation and repair work on heavy parts of a wind turbine, where
the fixture (10) is divided up into a number of sections for mounting on stable structural parts
(2) in a nacelle in a wind turbine, including the bottom frame (2) of the nacelle, wherein the
main shaft fixture (10) comprises at least three radially displaccable pressure mandrels (18),
substantially symmetrical located around a centre axis (11) of the main shaft, first ends of said
pressurec mandrels (18) face the main shaft (4) and are furnished with a tap shoe (20), and

wherein said pressure mandrels (18) are displaceable between a passive, withdrawn lockable
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position where the tap shoes (20) are configured to be located at a distance from the surface of
the main shaft (4) and an advanced lockable position where the tap shoes (20) are configured
to be engaged with the main shaft (4), further comprising a rotor lock (24) for fixation of the
rotor (8) of the wind turbine, wherein the rotor lock (24) is comprised of a flange element, with
a bolt circle geometry (26) that corresponds to a bolt circle geometry (28) on the rotor, said
flange element (24) being fastened at the ends to a first end (21) of two first beam-shaped
brackets (22) extending parallel with each other, and being located on each side of the main
shaft, said beam shaped brackets (22) forming part of the main shaft fixture, and where a second
end (23) of the brackets (22) is pivotally mounted with horizontally oriented bolt connections
(30) on other brackets (39) that form parts of the main shaft fixture (10) and which are anchored

on the bottom frame (2) of the nacelle.

12. (Previously Presented) The main shaft fixture (10) according to claim 11, wherein at least
one actuator (36) is located nearest the rotor lock (24) between the bottom frame (2) of the
nacelle and an adjacent side (25) of the first beam-shaped brackets (22) facing the bottom frame
(2), and wherein said at least one actuator (36) is displaceable between a first passive outer

position and an active outer position by which the flange element (24) is displaced vertically.

13. (Cancelled).
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Application No. Applicant(s)

15/517,288 Fenger, Per E.
Office Action .S‘ummary Examiner Art Unit AlA Status
CHWEN-WEI SU 3722 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)v] Responsive to communication(s) filed on 10/1/2018.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)lv] This action is FINAL. 2b) (J This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1 and 3-13 is/are pending in the application.

5a) Of the above claim(s) 13 is/are withdrawn from consideration.

6) Claim(s) 9 and 11-12 is/are allowed.

7) Claim(s) 1,3-8 and 10 is/are rejected.

8) [ Claim(s) ___ is/are objected to.

9) [ Claim(s) ____are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(0 The specification is objected to by the Examiner.

11} The drawing(s) filed on 10/1/2018 is/are: a)l¥) accepted or b)(] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)¥ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) All b)(J Some** ¢)(J None of the:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.v} Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.
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Application/Control Number: 15/517,288 Page 2
Art Unit: 3722

Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
Election/Restrictions

Newly submitted claim 13 directed to an invention that lacks unity with the
invention originally claimed for the following reasons: Group | (claims 1-12, filed
4/6/2017, drawn to a main shaft fixture) and Group Il (new claims 13 filed 10/1/2018,
drawn to a self-hoisting crane) lack unity of invention because even though the
inventions of these groups require the technical feature of a main shaft fixture, this
technical feature is not a special technical feature as it does not make a contribution
over the prior art in view of Signore et al. (US 2012/0141292) in view of Weaver et al.
(EP 1748182). See Office Action mailed 06/29/2018 on the rejection of claim 1.

Since applicant has received an action on the merits for the originally presented
invention, this invention has been constructively elected by original presentation for
prosecution on the merits. Accordingly, claim 13 is withdrawn from consideration as
being directed to a nonelected invention. See 37 CFR 1.142(b) and MPEP § 821.03.

Drawings
2. The drawings were received on 10/01/2018. These drawings are acceptable.
Claim Rejections - 35 USC § 103
3. In the event the determination of the status of the application as subject to AlA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any

correction of the statutory basis for the rejection will not be considered a new ground of
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rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
4. The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between the
claimed invention and the prior art are such that the claimed invention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be
negated by the manner in which the invention was made.

5. Claims 1, 3-4, 6-8, and 10 is/are rejected under 35 U.S.C. 103 as being
unpatentable over Signore et al. (US 2012/0141292) in view of Weaver et al. (EP
1748182).

6. Regarding claim 1, Signore discloses a main shaft fixture 128 for fixation of a
main shaft 24 on a wind turbine during execution of installation and repair work on
heavy parts of a wind turbine, where the fixture is divided up into a number of sections
for mounting on stable structural parts in a nacelle in a wind turbine, including the
bottom frame 16 of the nacelle, wherein the main shaft fixture comprises at least three
torque clamps 244, substantially symmetrical located around a center axis of the main
shatft, to facilitate coupling a restraint assembly 136 to the main shaft to limit a
movement of the main shaft. (Figs. 1-9, Paragraphs 22, 53-56)

7. Signore does not disclose at least three independently, radial displaceable
pressure mandrels, and a tap shoe is provided on a first end of the pressure mandrel.
However, Weaver discloses a shaft restraining member 400 attached to a bed plate of a
wind turbine. The shaft restraining member includes hydraulic or mechanic operated

friction brakes 518. The clamping action of brakes 518 resists torque from rotor shaft
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402. The hydraulic or mechanic brake may comprise cylinders supported on brake
support flange 519 of the shaft restraining member. (Figs. 4-5, Paragraphs 16-19)
Therefore, it would have been obvious to one with ordinary skill in the art before the
effective filing date of the claimed invention to modify the torque clamps of Signore to be
hydraulic or mechanical operated such that its radial position can be adjusted to fit the
main shaft with desired friction. Signore as modified by Weaver teaches that at least
three radial displaceable pressure mandrels, first ends of said pressure mandrels face
the main shaft and are furnished with a tap shoe (the torque clamps), and wherein said
pressure mandrels are displaceable between a passive, withdrawn lockable position
where the tap shoes are configured to be located at a distance from the surface of the
main shaft and an advanced lockable position where the tap shoes are configured to be
engaged with the main shaft. Signore as modified by Weaver teaches that the pressure
mandrels are substantially symmetrical located around a center axis of the main shaft.
8. It is noted that Signore discloses each torque clamp 244 is configured to facilitate
coupling restraint assembly 136 to drive shaft 24 via a friction fit to facilitate limiting a
movement of the drive shaft. Therefore, Signore as modified by Weaver also teaches
‘enabling the main shaft to be fixed in position by the main shaft fixture while being
permitted to rotate.”

9. A claim containing a "recitation with respect to the manner in which a claimed
apparatus is intended to be employed does not differentiate the claimed apparatus from
a prior art apparatus” if the prior art apparatus teaches all the structural limitations of the

claim. Ex part Masham, 2 USPQ2d 1647 (Bd. Pat. App. & Inter. 1987)
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10.  Regarding the intended use limitation “The three independently, radially
displaceable pressure mandrel is for fixing of cylinder-shaped with different diameters
and for the fixing of shafts with conical shapes.”, it is noted that the prior art used in the
rejection is capable of being used for this function.

11.  Regarding claim 3, Signore as modified discloses the main shaft fixture further
comprising mounting facilities for a lightweight crane. Although Signore does not
specifically mention mounting facilities for a self-hoisting crane, it is noted that the
structure of the main shatt fixture is capable for mounting with a lightweight crane, such
as by using a chain or a cable connected between the crane and the main shaft fixture.
12.  In addition, a claim containing a "recitation with respect to the manner in which a
claimed apparatus is intended to be employed does not differentiate the claimed
apparatus from a prior art apparatus” if the prior art apparatus teaches all the structural
limitations of the claim. Ex part Masham, 2 USPQ2d 1647 (Bd. Pat. App. & Inter. 1987)
13.  Regarding the intended use limitation “mounting facilities for a lightweight crane”,
it is noted that the prior art used in the rejection is capable of being used for this
function.

14.  Regarding claim 4, Signore as modified by Weaver teaches the pressure
mandrels are provided with actuators (hydraulic or mechanical operated) for displacing
and retaining the tap shoes in the passive position and the active position, respectively,
alternatively in a selectable position between the passive and the active position.

15.  Regarding claim 6, Weaver teaches slide plates 520 (the surface are Teflon-
covered) are located between the opposing sides of the surface of the main shaft and

tap shoes (the inner end the brake) (Fig. 5, Paragraph 18). Therefore, it would have
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been obvious to one with ordinary skill in the art before the effective filing date of the
claimed invention to modify the tap shoes 244 of Signore to have a Teflon plate as
taught by Weaver to allow rotation of the main shaft above a predetermined torque.

16.  Regarding claim 7, as set forth in claim 6 above, the slide plates 520 are
configured so that the opposing free ends of the tap shoes facing the main shaft are
provided with a one of the slide plate 520 (Teflon) which in the active advanced position
is engaged with the main shaft.

17.  Regarding claim 8, one of the slide plate 520 is a multi-part slide plate
cooperating with the main shatft for mounting on the main shaft, where the multi-part
slide plate in a mounted (clamped or engaged) position on the main shaft cooperates
with the tap shoes.

18.  Regarding claim 10, the main shatft fixture further comprising a rotor lock 134 for

fixation of the rotor of the wind turbine. (Figs. 5-8, Paragraphs 22 and 54)

19.  Claim 5 is/are rejected under 35 U.S.C. 103 as being unpatentable over Signore
et al. in view of Weaver et al., and further in view of Borden (US 1,853,255).

20. Regarding claim 5, Signore as modified does not disclose "the pressure
mandrels are comprised of threaded bolts having opposing free ends that face the main
shaft and are furnished with tap shoes, and wherein said threaded bolts cooperate with
threaded holes in respective sections of the fixture.” However, Borden discloses a work
holder comprising three mandrels 5, 6, 7 for clamping a work piece. The mandrel is
threaded at an inner end 5a which passes through a corresponding threaded hole in the

body 1 of the work holder. (Figs. 1-3, p. 1 lines 32 - 59) Therefore, it would have been
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obvious to one with ordinary skill in the art before the effective filing date of the claimed
invention to modify the mechanical operated pressure mandrel of Signore as modified to
be threaded bolts for adjusting the clamping force or size depending on the diameter of
the main shaft with low cost and ease.

Allowable Subject Matter
21. Claims 9, 11-12 are allowed.

Response to Arguments
22.  Applicant's arguments filed 10/1/2018 have been fully considered but they are
not persuasive. Applicant first argues that
23.  A: “Signore does not disclose radially displaceable pressure mandrels, as
Signore is not concerned with adaptability to a number of various diameter or conical
main shafts. As such, Signore would not provide a reason for one of ordinary skill to use
at least 3 independently displaceable pressure mandrels.” \While Signore does not
disclose radially displaceable pressure mandrel, Weaver teaches this feature.
24. B: “If Signore were to be viewed in combination with Weaver, the person of
ordinary skill in the art would use the only two shaft restricting devices.” Signore teaches
four torque clamps 244 as seen in Fig. 7. While the embodiment of Weaver shows 2
friction brakes 518, one with ordinary skill in the art would have modified all four torque
clamps of Signore to be radially displaceable, not only two.
25.  C: “Teflon lining is not appropriate with the current claim to teach ... each the tap
shoes that are configured to be engaged with the main shaft in a manner enabling the
main shaft to be fixed in position by the main shaft fixture while being permitted to

rotate.” First, Teflon lining is not used for teaching the limited rotating of the main shaft
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as applicant argues above. Instead, as described in the current Office Action, Signore
discloses each torque clamp 244 is configured to facilitate coupling restraint assembly
136 to drive shaft 24 via a friction fit to facilitate /imiting a movement of the drive shaft.
Therefore, Signore as modified by Weaver also teaches “enabling the main shaft to be
fixed in position by the main shaft fixture while being permitted to rotate.” Second, the
Teflon-covered surface 520 is considered to be a slide plate. It can be seen clearly from
Fig. 5 of Weaver that the Teflon-covered surface 520 including a separate layer fixed to
the brake 518. This layer-like Teflon-covered surface is interpreted as a slide plate.

26. D. “Borden workholder will not enable a workpiece held by it so as be able to
rotate while being held in place as disclosed and now claimed by the present applicant.
Thus, Borden cannot suggest mandrels provided with tap shoes to enable a shaft held
be the mandrels to rotate while being held in place.” While Burdon teaches a
workholder clamping a tubular workpiece by three threaded set screws as applicant
argues, one will not completely tighten the workpiece (the main shaft) held there without
rotation at all when combined with Signore and Weaver. This is because Signore as
modified already teaches this feature: permitting limited rotation of the main shaft while
holding it. Therefore, it would have been obvious to one with ordinary skill in the art to
modify the mechanical operated pressure mandrel of Signore as modified to be
threaded bolts for adjusting the clamping force depending on the desired friction for
holding the main shaft but still permitting limited rotation.

27.  Finally, new claim 19 is withdrawn for consideration as stated in the

Election/Restriction Section above.
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Conclusion
28.  Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the date of this final action.

29.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to CHWEN-WEI SU whose telephone number is (571)272-
4998. The examiner can normally be reached on Monday-Friday 9:30 AM-6 PM ET.
Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request

(AIR) at http://www.uspto.gov/interviewpractice.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Sunil K Singh can be reached on 571-272-3460. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/CHWEN-WEI SU/
Examiner, Art Unit 3722

/ERIC A GATES/
Primary Examiner, Art Unit 3722
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Docket No. 400517-20003

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of : Confirmation No. 1448
Per E. Fenger : Group Art Unit: 3722
Application No. 15/517,288 : Examiner: Chwen-Wei Su

Filed: April 6, 2017
For: MAIN SHAFT FIXTURE

AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

The following is presented in response to the Office Action issued June 29, 2018, in

connection with the above captioned patent application.
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Docket No. 400517-20003
Application No. 15/517,288

Page 2
In the Specification:
Please amend paragraphs [0016] to [0018] as follows:
[B81s] With the intent of being able to permit rotation of the main shatt during

performance of servicing of a relevant wind turbine and in order to protect the main shaft and
the main shaft fixture, {[a]] slide plates dining may exist between the opposing sides of the main
shaft's surface and the tap shoes.

[6017] This enables the main shaft to be fixed in its position by the main shaft fixture,
but with the main shaft being permitted to rotate without it being damaged due to the presence
of the slide plates Hising.

{0018} In a first embodiment of the slide plates, bsirg; this could comprise the free
ends of tap shoes facing against the main shaft being furnished with slide plates, which in the

active extended position are engaged with the main shaft.

Please amend paragraph [0043] as follows:
{0443] As shown in Fig. 4, a slideway haing 42, 44 is located between the opposing

sides of the tap shoes 20 facing the surface of the main shaft 4.

Please amend paragraph [0047] as follows:
[6047] The presence of the shde plates hwing 42, 44, alternatively the multi-part needle
bearing, roller bearing, ball bearing 46, involves the main shaft 4 being permitted to rotate
simultaneously with it being fixed in its position during servicing of the wind turbine, which

can serve a purpose namely for larger wind uirbines.
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In the Claims:

1. {Corrently Amended} A main shaft fixture (10} for fixation of a main shaft (4} on a wind
turbine during execation of installation and repair work on heavy parts of a wind tarbine, where
the fixture (10) is divided up into a number of sections for mounting on stable structural parts
{2} in a nacelle in a wind turbing, including the bottom frame (2} of the nacelle, wherein the

main shaft fixture (10) comprises at least three-sadial independently, radially displaceable

pressure mandrels (18} for fixing of cylinder-shaped shafis with different diameters and for the

fixing of shafts with conical shapes, the pressure mandrels being substantially symmetrical

located around a centre axis {11} of the main shaft, first ends of said pressure mandrels (18)
face the main shatt (4) and are furnished with a tap shoe (20}, and wherein said pressure
mandrels (18} are displaceable betwesan a passive, withdrawn lockable position where the tap
shoes (20) are configured to be located at a distance from the surface of the main shaft (4) and
an advanced lockable position where the tap shoss (20} are configured to be engaged with the

main shaft (4) in a manner enabling the main shaft to be fixed in position by the main shait

fixture while being permitted to rotate.

2. (Cancelied).

3. (Previously Presented) The main shaft fixtare (10} according to claim 1, further comprising

mounting facilities (40} for a lightweight crane (12).

4. (Previously Presented) The main shaft fixture (10) according to claim 1, wherein the pressure
mandrels (18) are provided with actuators for displacing and retaining the tap shoes (20) in the
passive position and the active position, respectively, alternatively in a selectable position

between the passive and the active position.

5. (Previously Presented) The main shaft fixtare (10) according to claim 1, wherein the pressure

mandrels {18) are comprised of threaded bolts having opposing {ree ends that face the main
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shaft and are furnished with tap shoes (20), and wherein said threaded bolts cooperate with

threaded holes in respective sections of the fixture (10).
6. (Currently Amended) The main shaft fixture (10} according to claim 1, wherein aslideway
Hinine slide plates (42, 44) {[is]] are located between the opposing sides of the surface of the

main shaft and tap shoes.

7. (Currently Amended) The main shaft fixture (10) according to claim 6, wherein the shdewsay

el

hning-is slide plates are configured so that the opposing free ends of the tap shoes (20} facing

>

s

the main shaft {4) are provided with a one of the slide-plate plates (42) which in the active

advanced position is engaged with the main shaft (4).

8. (Currently Amended) The main shaft fixtars (10} according to claim 6, further comprising

wherein one of the slide plates is a multi-part slide plate (44} cooperating with the main shaft

{4} for mounting on the main shaft (4), where the multi-part slide plate (44} in a mounted

position on the main shaft {(4) cooperates with the tap shoes {20},

9. (Currently Amended) A main shaft fixture (10} for fixation of a main shafl (4) on g wind

tarbine during execution of instaliation and repair work on heavy pasts of a wind turbine, where

the {ixture (10) 1s divided up inte a nummber of sections for mountng on stable structural parts

{2} in a nacelle in a wind turbine, mncluding the bottom frame (2) of the nacelle, wherein the

main shaft fixture (10 comprises at least three radially displaceable pressure mandrels (183

substantially svometrical located around a centre axis {11 of the main shaft, first ends of said

pressure mandrels (183 face the main shalt (4 and are fumished with a tap shoe (203, and

wherein said pressure mandrels (18) are displaceable between a passive, withdrawn lockable

N
]
Z

position where the tap shoes (20} are configured to be located at a distance from the surface of

the man shaft {(4) and an advanced lockable posiion where the tap shoes (20) are configured

to be engared with the main shaft (4), further comprising a rotor lock (24) for fixation of the

rotor (8) of the wind turbine, I further

comprising one of a multi-part needle bearing, roller bearing, or ball bearing (46) comprised of
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a roulti-part inner ring (48) fastened to the main shaft (4), and a therewith cooperating multi-
part cuter ring (5{) comprised of bowed sub-segments (52} corresponding to the mamber of tap
shoes, mounted on the opposing side of the tap shoes (20) facing the inner ring (48), which in
the advanced active position of the pressure mandrels form the outer ring (30) at a distance
from the outer periphery of the multi-part inner ring (48}, and where g _plurality of needie
rollers, rollers, or balls (54) are arranged between the inner ring (48} and the cuter ring (50,
and where means are present for retaining the needies, rollers, or balls (84} in position between

the inner ring (48) and outer ring (30).

18. (Previously Presented) The main shaft fixture (10} according to claim 1, further comprising

a rotor lock (24) for {ixation of the rotor (8) of the wind turbine.

11. (Currently Amended) A main shaft

fixture (1) for fixaton of a main shaft (4) on a wind turbine during execution of nstallation

and repair work on heavy parts of a wind turbine, where the fixwre (10} is divided up into a

number of sections for mounting on stable structural parts (23 in a pacelle in a wind turbine,

including the bottom frame (2) of the nacelle, wherein the main shaft fugure (18) comprises at

feast three radially displaceable pressure mandrels (18), substantiallv sviometnical located

around a centre axis {11} of the main shatt first ends of said pressure mandrels (183 face the

main shaft (4) and are fumished with a tap shoe (203, and wherein said pressure mandrels (18)

are displaceable between a passive, withdrawn lockable position where the tap shoes (203 are

conficured to be located at a distance from the surface of the main shatt (4) and an advanced

lockable position where the tap shoes (20) are configured to be engaced with the main shaft

{4}, further compusing arotor lock (243 for fixation of the rotor (8) of the wind nurbine, wherein

the rotor lock (24) is comyprised of a flange element, with a bolt circle geometry (26) that
corresponds to a bolt circle geometry (28) on the rotor, said flange element (24} being fastened
at the ends to a first end (21) of two first beam-shaped brackets (22) extending paraliel with
each other, and being located on each side of the main shaft, said beam shaped brackets (22)
forming part of the main shaft fixture, and where a second end (23} of the brackets (22) is

pivotally mounted with horizontally oriented bolt connections (30) on other brackets (39) that
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form parts of the main shaft fixture (10) and which are anchored on the bottom frame (2} of the

nacelle.

12. (Previously Presented) The main shaft fixture (10} according to claim 11, wherein at least
aone actaator (36} is located nearest the rotor lock (24) between the bottom frame (2) of the
nacelle and an adjacent side (25} of the first beam-shaped brackets (22) facing the bottom frame
{2}, and wherein said at least one actuator (36} is displaceable between a first passive outer

position and an active outer position by which the flange element (24) is displaced vertically.

13. (New) A selt-hoisting crane comprising:

mounting facilities for mounting to a lightweight crane,

a winch located on a ground surface near a foot of the wind turbine, and

a main shaft fixture for fixation of a main shaft on a2 wind turbine during execution of
installation and repair work on heavy parts of a wind tarbine, the fixture being divided gp into
a number of sections for mounting on stable structural parts in a wind turbine nacelie including
a bottom frame of the nacelle, wherein the main shaft fixture comprises at least three
independently, radially displaceable pressore mandrels for fixing of cylinder-shaped shafis
with different diameters and for the fixing of shafts with conical shapes, the pressure mandrels
being substantially symmetrical located around a center axis, first ends of said pressure
mandrels, in use, facing the main shaft and being fumnished with a tap shoe, whergin said
pressure mandrels are displaceable between a passive, withdrawn lockable position where the
tap shoes are configured to be located at a distance from the surface of the main shaft and an
advanced lockable position where the tap shoes are configured to be engaged with the main
shaft, in use, said tap shoes enabling the main shaft to be fixed in position by the main shatt

fixture while being permitted to rotate.
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REMARKS

By the above actions, claims 1, 6-9, & 11 have been amended, and claim 2 cancelled
and replaced by new independent claim 13. Enclosed are Replacement Sheets with corrected
Figs. 1-5 presented to address the objection to the drawings raised by the Examiner. In view of
these actions and the following remarks, reconsideration of this application is requested.

First, the Examiner’s indications of allowable subject matter are appreciated and based
thereon, claims 9 & 11 have been placed in allowable independent form with the area of
indefiniteness in claim 9 being corrected consistent with the manner in which the indefinite
language was construed by the Examiner. Thus, withdrawal of the rejection of claim 9 under
§ 112, second paragraph and formal allowance of claims 1 and 3-13 is requested.

Claims 1-4, 6-8 and 10 have been rejected under 35 USC § 103 as being unpatentable
over the Signore et al. published application 2012/0141292 (Signore) when viewed in
combination with the Weaver et al. European reference EP 1748182 (Weaver), while claim 5
has been rejected when the Signore and Weaver combination is viewed in further combination
with the Borden patent 1,853,255. At least to the extent that these rejections might apply to the
claims as now presented, they are inappropriate for the following reasons.

Signore does not disclose radially displaceable pressure mandrels, as Signore is not
concerned with adaptability to a number of various diameter or conical main shafts. As such,
Signore would not provide a reason for one of ordinary skill to use at least 3 independently
displaceable pressure mandrels. If Signore were to be viewed in combination with Weaver, the
person of ordinary skill in the art would use the only two shaft restricting devices.

The Examiner claims that the torque clamps of Signore should be modified with a
Teflon lining. This is probably due to the incorrect use of the word “lining” instead of “plates”,
that has been corrected in the specification and claims. Thus, the Signore teaching of a Teflon
lining is clearly not appropriate with respect to the current claims since no combination of these
references would teach the tap shoes that are configured to be engaged with the main shaft in
a manner enabling the main shaft to be fixed in position by the main shaft fixture while being
permitted o rotate.

As for Borden, this reference discloses a workholder in which a tubular workpiece is

clamped by three threaded set screws. The Borden workholder will not enable a workpiece held

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102

Page 68 of 349



Docket No. 400517-20003
Application No. 15/517,288
Page 8

by it so as be able to rotate while being held in place as disclosed and now claimed by the
present applicant. Thus, Borden cannot suggest mandrels provided with tap shoes to enable a
shaft held be the mandrels to rotate while being held in place.

For all of these reasons, the outstanding rejections under § 103 should be withdrawn
and such action is hereby requested.

Therefore, in the absence of new and more relevant prior art being discovered, this
application should now be in condition for allowance and action to that effect is requested.
However, while it is believed that this application should now be in condition for allowance,
in the event that any issues should remain, or any new issues arise, after consideration of this
response which could be addressed through discussions with the undersigned, then the
Examiner is requested to contact the undersigned by telephone for the purpose of resolving any

such issue and thereby facilitating prompt approval of this application.

Respectfully submitted,

/David S. Safran/

David S. Safran
Registration No. 27,997

Customer No. 25570

Roberts Mlotkowski Safran Cole & Calderon, P.C.
7918 Jones Branch Drive, Suite 500
McLean, VA 22102

Direct Telephone: 703-584-3273
DSS:prm
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fendeme st fasigion # den farste ende af o paraiiaii et hovedaksien og pa hwer

e

aide af denne forlsbeands, farste hisskefmade konsolier fthorende hovadalse!

fksturet, hvilke konsollers andean ends o drejelig! leprede med hovisonialt oranis.

~

s

s hovedaksaldiksturet, derer

{dan hansigh af kunne foretags udakifining af aksions hovedisle, uden gt vie-
e rda ﬁg@‘: i at afmonters hovedaksien, kan hovedaksebfiksturet yderligese om-
fatte { Jel mindsie sn anden akiuvatorn, imesiiam nacaiisns bundrmmme og den nnd
16 ganne tivendende side af de forste disslkeformeade konsoller og nssrmest rolond-

men, nedlven anden alduator gy furskydelly imellam en forsite passiv ydemposition o

arn gkl yderposition heanead Hangeslementst fo \,jw vartivall,

Herved opnas del, st hovedsksian kan havves fra st lgfe heengands | rotoris-
15 sen, sdledes al akslens hovedisis kan udskifias olisr sendcores wdsn at aksian

o feent F .
shal flernes fra nacslien,

Opfindeison forkiares nesemer e { det felgende mad henvisning tit {sgningen,
b

20 fig. 1 or of parspekiivbiiede af deds af en vindmatles naosdie, wdvisende na-
cellens burgdramme, vindmaellens hovedakas!, samt st hovedskashfikstur uige
apfindsisen, med on plvaegiskran g on selvophejsends kesn maoniarel,

fig. & er st mem detaljisret perspekdivbiiede fra en anden vinka! af det { fig.
viste, hvor hovedaksian er glort ransparant, udvigends ykdoms med trvkska,

2% tiherende hovedakseldiksturet faige opfindsisen, og

fia. 3 or st mere delaljerst perspaktivhiliede s en andan vinkel al ast i fig. 1
viste, hvor hovedaksien ar gior transparent, udvisende akiustoreme for hipvning
af hovadakslsn.

5

§fig. 1 sse en bundramme 2 Ean naoslle (ke vist) pé en vindmglle (kke
vist), hvor vindmgliens hovedakssal 4, mad gearkssss 8 og rotoren 8 er vigt, og
hvor hovedaksalfikaturat 10 ifaige opfindaisen or vist | monterst tistand, baasrends
henholdsvis an letvesgiskran 12 og en selvopheisande kran 14, mad ef jordbasgret
spif {kke vist), Bundrammen 2 er af hensyn i overskuelighedan gjon ransparent
£10104000
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s

Hovedaksebfiksturet 10 gr { den viste wiforelsssform favankret pd bundrame
man @ neyy gearkassen 8 og nser rolwren 8, og omiatier en ferdel ramme 14, der
sammen med en derpd fastspaend! tvaardragst 18, omshilier et stvkke af hovsd-
aksian 4 mellem rolorsn § og gesrkassen 8. Den Herdelte ranyme 14 er foraniret
pd bundrarmmen &

i fsg s dat i fig. 1 viste, man som snde-billede, sat fra rotorsiden af akslan
<€, og hyor rotaran 8 af hensyn i overskusiigheden er gior transparent, Som dat

f\*&mgé af fig. 2 omfatier den Serdelie ramme 14 of tverdrageran 16 talt € om-
kring hovadaksien 2 syrometisk placsrede trykdome 18, med tryksko 20, derer
bragt { anlgeg med hovedaksien 4, for fastholdsise af danne.

Tevkdomeans 18, kan udgeres af hydraudisk drsvng stempler hvis frie endsy
omiatier 'if‘}f%(ﬁiﬁv@ﬂﬁ% 24,

Sam det frempgdr af fig. 3, omnfatter hovedaksel-Gkshuret 14, to paraliell forlp-
bande forste dragers 22 pd hver side af hovedakslan 4, | bvis farsie gnder, neser-
mest rotoren 8, ar fastgion rolovias | form af of flangeshyment 24, hvig huldirkad 28
geomalr er lgedannet med hulcirke! 38 geometien p& rotoren § over en del af
rotorens perffer]. Ved Bening af roloren 8 bringss hullerne 7 rotaren 8 og hulleme
gi =ﬁﬁ§§3‘$‘=@m§ﬁ;@{ 24 8 pverlapning, hvorefler der indfares bolte gannen hulier-

. der tilspasndes med metrikker, hvorefter roloren B er fasthaldiiidst af flange-
eiemer st 24,

Oan anden ende of de parallsdt forlgbends forste dragere 22 of rermest
gs}:&rka& 8 drajeligh forankrst & horisontall orentersde lejobolta 30, p& an kon-
sob 32, der or fasigiont # hundrammen 2. De parafiel! forlebende forste dragers &3
er imdbyrdes forbundns med andre vasrdragers 34, pd hvitke ses konsolfacilitetsr

3 for sn ssiv opheisands kran 4 m@{i st jordbaserst spil {kke vish)

Sam det fremgdr of 8g. 3 og fig. 1, findss der imellem bundrammen 2 og de
saralleitferdebends forsie dragere 22 on gkiugtor 36, Aklivering af aklualoren 38 il
madfare en ndring af afstanden imellem bundraramen 2 og de ferste dragere 22,

i hvithet Hangeeslementet 24 er Qi&h%i’\{}‘i Friikket vil madfare gt flangselementst 24
rotoren B, og dermad hovedakslen 4 haeves, hvitkel wil madiurs, at det bliver
msn{;t at udskifte hovedaksiens leje 38, uden at vasre nodsaget il &l haiss hoved
PAOTIDKG0
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akstan 4 nad pa ovden, hvilkat 8o moget besparande, saframi hovadakssliaiet 38
skal reparsras siler wiskifies.

P g 1 ses endvidere hwvorlades hovadakseifiksturel 10 omfatier monterings-
faciiater 40 Ry lelvangislranen 124,

Qpfindaren har svkendt, 8t hovedakseb-Sksturet 10 kan anlage andre udform-
ainger en dan foran beskrevne og | figuren viste, men det sondrer ikke pa dat op-
finderiska aspakt der bestér | at angive f hovedakselSikstur 10 af dan angvne art,
dar omiatter justerbare frvkdome 18 mad tryksko 20, der mediarer at fikaturat 10
hitver anvendealigh vansst geometren af hovedakslen 4 pd en vindmglle, og sale-
das, at dutie kan monteres uden at fiksare rotoren 8, og vdarligers gt kombinere
hovedakselfiksturs! mead faciiteter (40) montering af henholdsvis en letvaegiskran
12, g an sshapheisends kran 14, med of jordbaserst spl, sami en rotorias 24 og
slultelig at indratte hovedaksalfiksturet 10 med aldustorer 38, salades &t hoved-
akslen 4 og hovadakselisiet 38 kan haves listreekkeligt fra dalles lgig | nacelien
i, ot lejet kan sorvicerss efiey udskiftes

P1O104 0800
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Application/Control Number: 15/517,288 Page 2
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The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
DETAILED ACTION
Priority
Acknowledgment is made of applicant's claim for foreign priority based on an
application filed in Denmark on 10/07/2014. It is noted, however, that applicant has not
filed a certified copy of the PA 2014 00573 application as required by 37 CFR 1.55.
Drawings
New corrected drawings in compliance with 37 CFR 1.121(d) are required in this
application because the line resolution of the drawing is not fine enough to clearly see
the features of the instant invention. In addition, the numerals in the drawing are
handwritten which makes the drawing appear to be informal. Applicant is advised to
employ the services of a competent patent draftsperson outside the Office, as the U.S.
Patent and Trademark Office no longer prepares new drawings. The corrected drawings
are required in reply to the Office action to avoid abandonment of the application. The
requirement for corrected drawings will not be held in abeyance.
Claim Interpretation

The following is a quotation of 35 U.S.C. 112(f):

(f) Element in Claim for a Combination. — An element in a claim for a combination may be
expressed as a means or step for performing a specified function without the recital of
structure, material, or acts in support thereof, and such claim shall be construed to cover the
corresponding structure, material, or acts described in the specification and equivalents
thereof.

The following is a quotation of pre-AlA 35 U.S.C. 112, sixth paragraph:
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An element in a claim for a combination may be expressed as a means or step for performing
a specified function without the recital of structure, material, or acts in support thereof, and
such claim shall be construed to cover the corresponding structure, material, or acts
described in the specification and equivalents thereof.

Use of the word “means” (or “step for”) in a claim with functional language
creates a rebuttable presumption that the claim element is to be treated in accordance
with 35 U.S.C. 112(f) (pre-AlA 35 U.S.C. 112, sixth paragraph). The presumption that
35 U.S.C. 112(f) (pre-AlA 35 U.S.C. 112, sixth paragraph) is invoked is rebutted when
the function is recited with sufficient structure, material, or acts within the claim itself to
entirely perform the recited function.

Absence of the word “means” (or “step for”) in a claim creates a rebuttable
presumption that the claim element is not to be treated in accordance with 35 U.S.C.
112(f) (pre-AlA 35 U.S.C. 112, sixth paragraph). The presumption that 35 U.S.C. 112(f)
(pre-AlA 35 U.S.C. 112, sixth paragraph) is not invoked is rebutted when the claim
element recites function but fails to recite sufficiently definite structure, material or acts
to perform that function.

Claim elements in this application that use the word “means” (or “step for”) are
presumed to invoke 35 U.S.C. 112(f) except as otherwise indicated in an Office action.
Similarly, claim elements that do not use the word “means” (or “step for”) are presumed
not to invoke 35 U.S.C. 112(f) except as otherwise indicated in an Office action.

Claim Rejections -35USC § 112

1. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.
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The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

2. Claim 9 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AlA the applicant regards
as the invention.

3. Claim 9 recites “The main shaft fixture (10) according to claim 1, further
comprising a multi-part needle bearing, roller bearing, ball bearing (46) comprised of ..”
(lines 1-3). Itis unclear if the limitation includes all of a needle bearing, roller bearing,
and ball bearing, or just one of the three types of bearings. For the purpose of
examination, examiner has interpreted it means "a multi-part needle bearing, roller

bearing, or ball bearing comprised of ...".

Claim Rejections - 35 USC § 103
4. In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
5. The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between the
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claimed invention and the prior art are such that the claimed invention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be
negated by the manner in which the invention was made.

6. Claims 1-4, 6-8, and 10 is/are rejected under 35 U.S.C. 103 as being
unpatentable over Signore et al. (US 2012/0141292) in view of Weaver et al. (EP
1748182).

7. Regarding claim 1, Signore discloses a main shaft fixture 128 for fixation of a
main shaft 24 on a wind turbine during execution of installation and repair work on
heavy parts of a wind turbine, where the fixture is divided up into a number of sections
for mounting on stable structural parts in a nacelle in a wind turbine, including the
bottom frame 16 of the nacelle, wherein the main shaft fixture comprises at least three
torque clamps 244, substantially symmetrical located around a center axis of the main
shaft, to facilitate coupling a restraint assembly 136 to the main shaft to limit a
movement of the main shaft. (Figs. 1-9, Paragraphs 22, 53-56)

8. Signore does not disclose at least three radial displaceable pressure mandrels,
and a tap shoe is provided on a first end of the pressure mandrel. However, Weaver
discloses a shaft restraining member 400 attached to a bed plate of a wind turbine. The
shaft restraining member includes hydraulic or mechanic operated friction brakes 518.
The clamping action of brakes 518 resists torque from rotor shaft 402. The hydraulic or
mechanic brake may comprise cylinders supported on brake support flange 519 of the
shaft restraining member. (Figs. 4-5, Paragraphs 16-19) Therefore, it would have been
obvious to one with ordinary skill in the art before the effective filing date of the claimed

invention to modify the torque clamps of Signore to be hydraulic or mechanical operated
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such that its radial position can be adjusted to fit the main shaft with desired friction.
Signore as modified by Weaver teaches that at least radial displaceable pressure
mandrels, first ends of said pressure mandrels the main shaft and are furnished with a
tap shoe (the torque clamps), and wherein said pressure mandrels a displaceable
between a passive, withdrawn lockable position where the tap shoes are configured to
be located at a distance from the surface of the main shaft and an advanced lockable
position where the tap shoes are configured to be engaged with the main shaft.

9. Regarding claim 2, Signore as modified discloses the main shaft fixture further
comprising mounting facilities for a self-hoisting crane having winch located on a ground
surface near a foot of the wind turbine. Although Signore does not specifically mention
mounting facilities for a self-hoisting crane, it is noted that the structure of the main shaft
fixture is capable for mounting with a self-hoisting crane, such as by using a chain or a
cable connected between the crane and the main shaft fixture.

10. In addition, a claim containing a "recitation with respect to the manner in which a
claimed apparatus is intended to be employed does not differentiate the claimed
apparatus from a prior art apparatus” if the prior art apparatus teaches all the structural
limitations of the claim. Ex part Masham, 2 USPQ2d 1647 (Bd. Pat. App. & Inter. 1987)
11.  Regarding the intended use limitation “mounting facilities for a self-hoisting
crane’, it is noted that the prior art used in the rejection is capable of being used for this

function.
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12.  Regarding claim 3, for the same reasons as set forth in claim 2 above, Signore
as modified also teaches the main shaft fixture further comprising mounting facilities for
a lightweight crane.

13.  Regarding claim 4, Signore as modified by Weaver teaches the pressure
mandrels are provided with actuators (hydraulic or mechanical operated) for displacing
and retaining the tap shoes in the passive position and the active position, respectively,
alternatively in a selectable position between the passive and the active position.

14.  Regarding claim 6, Weaver teaches a slideway lining 520 (Teflon) is located
between the opposing sides of the surface of the main shaft and tap shoes (the inner
end the brake) (Fig. 5, Paragraph 18). Therefore, it would have been obvious to one
with ordinary skill in the art before the effective filing date of the claimed invention to
modify the tap shoes 244 of Signore to have a Teflon lining as taught by Weaver to
allow rotation of the main shaft above a predetermined torque.

15.  Regarding claim 7, as set forth in claim 6 above, the slideway lining 520 is
configured so that the opposing free ends of the tap shoes facing the main shaft are
provided with a slide plate 520 (Teflon) which in the active advanced position is
engaged with the main shaft.

16.  Regarding claim 8, the slideway linings 520 are a multi-part slide plate
cooperating with the main shaft for mounting on the main shaft, where the multi-part
slide plate in a mounted (clamped or engaged) position on the main shaft cooperates

with the tap shoes.
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17.  Regarding claim 10, the main shaft fixture further comprising a rotor lock 134 for

fixation of the rotor of the wind turbine. (Figs. 5-8, Paragraphs 22 and 54)

18.  Claim 5 is/are rejected under 35 U.S.C. 103 as being unpatentable over Signore
in view of Weaver, and further in view of Borden (US 1,853,255).
19.  Regarding claim 5, Signore as modified does not disclose " the pressure
mandrels are comprised of threaded bolts having opposing free ends that face the main
shaft and are furnished with tap shoes, and wherein said threaded bolts cooperate with
threaded holes in respective sections of the fixture.” However, Borden discloses a work
holder comprising three mandrels 5, 6, 7 for clamping a work piece. The mandrel is
threaded at an inner end 5a which passes through a corresponding threaded hole in the
body 1 of the work holder. (Figs. 1-3, p. 1 lines 32 - 59) Therefore, it would have been
obvious to one with ordinary skill in the art before the effective filing date of the claimed
invention to modify the mechanical operated pressure mandrel of Signore as modified to
be threaded bolts for adjusting the clamping force or size depending on the diameter of
the main shaft with low cost and ease.

Allowable Subject Matter
20. Claim 9 would be allowable if rewritten to overcome the rejection(s) under 35
U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), 2nd paragraph, set forth in this Office action

and to include all of the limitations of the base claim and any intervening claims.
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21. Claims 11 and 12 are objected to as being dependent upon a rejected base
claim, but would be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims.

Conclusion
22.  The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to CHWEN-WEI SU whose telephone number is (571)272-
4998. The examiner can normally be reached on 9:00 AM - 6:00 PM.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, SUNIL K. SINGH can be reached on (571)272-3460. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/CHWEN-WEI SU/
Examiner, Art Unit 3722

/ERIC A. GATES/
Primary Examiner, Art Unit 3722
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(54)

(57) Die Windkraftanlage (10) ist mit einem Turm
(14) und einem an dem Turm (14) um eine Vertikalachse
(20) drehbaren Maschinengehéause (18) zur Aufnahme
zumindest einer Welle (28) mit einem Wellenlager (27),
eines Getriebes (32) und eines Generators (36), unter-
einander mechanisch verbunden sind, versehen, wobei
das Maschinengehause (18) einen radial vom Turm (14)
abstehenden Gehauseteil (24) aufweist. Ferner weist
die Windkraftanlage (10) einen Rotor (29) mit einer mit
der Welle (28) verbundenen Nabe (30) und mit minde-
stens einem von dieser abstehenden Rotorblatt (31)
und einen im Maschinengehduse (18) angeordneten
Bordkran (52) mit einem Gestell (63) und einem Last-
aufnahmeorgan (62) auf, wobei das Gestell (53) des
Bordkrans (52) zum Anhdngen sowohl des Generators
(86) als auch des Getriebes (32) an dem Lastaufnah-
meorgan (62) an dem Maschinengehéuse (18) beweg-
bar gefiihrt ist, in der Bodenwand (48) des radial vom
Turm (14) abstehenden Maschinengehauseteils (24) ei-
ne Offnung (50) ausgebildet ist, und die Offnung (50) in
der Bodenwand (48) derart bemessen ist, dass durch
sie hindurch mittels des Bordkrans (52) sowohl der Ge-
nerator (36) als auch das Getriebe (32) hindurch beweg-
bar ist.

Windkraftanlage mit bewegbarem Bordkran
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Beschreibung

[0001] Die Erfindung betrifft eine Windkraftanlage so-
wie ein Verfahren zum Austausch der Hauptkomponen-

ternen Krans nach oben aus dem Maschinengehéduses
herausgehoben bzw. von oben in das Maschinengehau-
se hinein abgesenkt werden muss.

[0006] Der Erfindung liegt die Aufgabe zugrunde, eine

ten des Maschinengehéduses einer Windkraftanlagemit- 5  Windkraftanlage zu schaffen, die unter Beibehaltung ei-
tels bordeigenen Mitteln. nes bewahrten Maschinenkonzeptes derart konstruiert
[0002] Fiur die Montage einer Windkraftanlage sind ist, dass die einzelnen Bordkomponenten des Maschi-
entweder sehr groBBe Krane erforderlich, um das Ma- nengehduses auf einfachere Weise mittels eins bordei-
schinengehéduse (auch Gondel genannt) als Ganzes zu genen Kransystems getauscht bzw. montiert werden
heben (Gewichte bis zu 100 t bei heutigen Gondeln), 70 kénnen.

oder die Hauptkomponenten des Maschinengehduses [0007] Zur Lésung dieser Aufgabe wird mit der Erfin-
werden einzeln auf den Turm gehoben. Bei den Haupt- dung eine Windkraftanlage nach Anspruch 1 vorge-
komponenten handelt es sich in erster Linie um den Ro- schlagen.

tor, bestehend aus Rotornabe mit mindestens einem [0008] Wie beieiner Windkraftanlage ublich, befinden
Rotorblatt, die Hauptwelle mit Wellenlagerung, den Ge- 15 sich in bzw. an einem auf einem Turm angeordneten
nerator und das zwischen Welle und Generator geschal- Maschinengehéuse eine Welle mit mindestens einem
tete Getriebe. Diese Hauptkomponenten bilden den Wellenlager, ein Getriebe, ein Generator und ein Rotor.
Triebstrang der Windkraftanlage. Wie bei der Montage, Diese Komponenten (nachfolgend auch als Hauptkom-
so ist auch beim Austausch einer dieser Hauptkompo- ponenten bezeichnet) bilden den Triebstrang der Wind-
nenten sowie fur die Montage und den Austausch des 20 kraftanlage und sind entlang einer Achse des Maschi-
Rotors ein Kran erforderlich. nengehduses nebeneinanderliegend und untereinan-
[0003] Dieses Problem verscharft sich in dem Augen- der mechanisch verbunden angeordnet. Wahrend die
blick, in dem das Gewicht der Gondel an die Grenzen Welle aus der einen Seite des Maschinengehauses her-
der Krankapazitdt kommt bzw. diese Uberschreitet oder ausragt, befindet sich das Getriebe innerhalb des Ma-
Windkraftanlagen in weniger stark industrialisierten 25 schinengehiuses im wesentlichen in Verldngerung des
Landern, in denen beispielsweise mobile Krane nicht so Turms, wahrend der Generator in einem radial vom
ohne weiteres zur Verfugung stehen, betrieben werden. Turm abstehenden Teil des Maschinengehduses unter-
Hier bietet es sich an, die Windkraftanlage mit einem gebracht ist. An der Welle ist der Rotor mit einer Nabe
bordeigenen Kransystem zu versehen, wie es in der AT- befestigt, von der mindestens ein Rotorblatt radial ab-
PS 401674 beschrieben ist. Dabei ist jedoch zu beach- 30 steht. Unterhalb des Generators befindet sich in der Bo-
ten, dass diese Bordkransysteme fur die derzeit weit denwand des Maschinengehéuses eine Offnung. Fer-
verbreiteten WKA-Konzepte ungeeignet sind oder sehr ner befindet sich in dem Maschinengehéduse der erfin-
stabil und damit schwergewichtig ausgebildet sein miis- dungsgemaBen Windkraftanlage ein Bordkransystem,
sen, um die einzelnen Komponenten bei aus dem Ge- das insbesondere als schwenkbares und/oder verfahr-
hduse auskragendem Kran ablassen und anheben zu 35 bares Portalkransystem ausgebildet ist.

kénnen. [0009] Erfindungsgeman ist die Offnung in der Bo-
[0004] In DE 196 47 515 A1 und DE 197 41 988 A1 denwand des Maschinengehduses derart bemessen,
werden Verfahren zum Aufbau einer Windkraftanlage dass man durch diese Offnung sowohl den Generator
beschrieben, bei denen zum Aufbau des Turms durch als auch bei nicht vorhandenem Generator, also bei
Aufeinandersetzen einzelner Turmsegmente ein langs 40 noch nicht montiertem oder bereits demontiertem oder
dieser hochfahrbarer Kran verwendet wird, der von der Offnung weggeschobenem Generator, das Ge-
schlieBlich auch das Maschinengehduse und dessen triebe hindurchtransportieren kann. Zu diesem Zweck
Hauptkomponenten zur Turmspitze beférdert. Aus DE lasst sich der Bordkran derart mandvrieren, dass sich
28 23 525 A1 ist schlieBlich bekannt, das Maschinen- gegebenenfalls nach dem Ablassen oder Verschieben
gehduse mittels Seile, die ausgehend von eineram Bo- 45 des Generators das Getriebe innerhalb des Gehéauses
den des Turms angeordneten Winde tiber Umlenkrollen bis Uber die Bodenwanddéffnung bewegen und alsdann
am oberen Ende des Turms zurlick nach unten geflihrt durch die Bodenwandéffnung ablassen lasst. Der um-
sind, anzuheben. gekehrte Vorgang findet dann beim Einbau des Getrie-
[0005] Es istbereits auf der Fachmesse "Substain '99 bes statt.

- The World Sustainable Energy Fair" (25. bis 27. Mai 50 [0010] Mitder Erfindung wird also vorgeschlagen, die
1999) von der Anmelderin Windenergie erstmals der Of- Offnung in der Bodenwand des Maschinengehiuses fiir
fentlichkeit ein Konzept vorgestellt worden, bei dem der das Getriebe bzw. nicht nur fur die Montage, den Einbau
Generator mittels eines bordeigenen Kransystems und den Ausbau des Generators, sondern auch fur das
durch eine Offnung in der Bodenwand des Maschinen- Getriebe zu nutzen.

gehduses aus diesem heraus abgelassen bzw. in die- 55 [0011] Um das Volumen des Maschinengehduses

ses hineinbeférdert wird. Bei diesem Konzept besteht
allerdings noch das Problem, dass im Falle eines Ge-
triebeschadens das Getriebe weiterhin mittels eines ex-

trotz Unterbringung eines bordeigenen Kransystems re-
lativ klein zu halten, ist gemaf einer vorteilhaften Wei-
terbildung der Erfindung vorgesehen, in der Oberseite
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des Maschinengehéuses eine Offnung vorzusehen, die
mit einer oder mehreren Klappen verschlossen und ge-
offnet werden kann. Noch vorteilhafter ist es, wenn mit-
tels entsprechender Klappen- bzw. Deckelkonstruktio-

und an der Welle befestigt wird, um danach das minde-
stens eine Rotorblatt oder sédmtliche Rotorblatter ein-
zeln anzuheben und an der Nabe zu befestigen. Die
gleichen Verfahrensschritte erfolgen in umgekehrter

nen sich die gesamte obere Maschinengehdusehdlfte 5 Reihenfolge bei der Abnahme des Rotors. Sofern kein
aufklappen lasst. Der Bordkran kann dann aus einer Rotor an der Welle angebracht ist, lasst sich diese bei
Parkposition, in der er abgeklappt oder auf andere Wei- uber die Vorderseite auskragbarem Kransystem ggf.
se eine nur geringe Bauhdhe aufweist, in eine Arbeits- nach vorheriger Entfernung des Hauptlagers oder mit
position aufgerichtet werden, in der er oben aus dem diesem zusammen ablassen und anheben.
Maschinengehéuse durch die Offnung herausragt. Ein 70 [0015] Weiterhin ist es zweckmaBig, den Kran bei
seitliches Herauskragen des Bordkrans zur Seite und/ montiertem Rotor zum Anheben bzw. Ablassen der Ein-
oder nach hinten aus dem Maschinengehduse ist je- bauten der Nabe (beispielsweise Rotorblattverstell-sy-
doch nach der Erfindung nicht vorgesehen, da der Ge- stem) einzusetzen.

nerator und das Getriebe uber die Bodenwandéffnung [0016] Nachfolgend wird anhand der Zeichnung ein
aus dem Maschinengehduse abgelassen bzw. bis in 75 Ausflihrungsbeispiel der Erfindung naher erlautert. An-
dieses angehoben werden. hand der einzelnen Fign. 1 bis 6 werden dabei schema-
[0012] Das Maschinengehéuse der erfindungsgema- tisch der Aufbau des Maschinengeh&uses und die ein-
Ben Windkraftanlage ist ferner mit einer vorzugsweise zelnen Verfahrensschritte fir den Austausch der Haupt-
neben dem Generator angeordneten Kranluke verse- komponenten des Maschinengehduses und des Rotors
hen, durch das hindurch das Gestell des Krans oder zu- 20 dargestellt. Dabei ist zu beachten, dass die einzelnen
mindest das Seil bis auBerhalb des Maschinengehéu- Verfahrensschritte in umgekehrter Reihenfolge bei der
ses bewegbar ist. Hierdurch lassen sich samtliche Ne- Montage und beim Einbau der Hauptkomponenten bzw.
benaggregate des Maschinengehauses, wie beispiels- des Rotors ablaufen. Die Fign. 7 bis 9 zeigen weitere
weise Kiihler, Olpumpen, Azimutantriebe usw., nach un- Alternativen von Windkraftanlagenkonstruktionen und
ten ablassen bzw. nach oben anheben. Um zu vermei- 25 der Montage sowie Demontage des Rotors.

den, dass Komponenten beim Ablassen durch Windtur- [0017] In Fig. 1 ist der prinzipielle Aufbau einer Wind-
bulenzen an den Turm schlagen, werden diese Kompo- kraftanlage 10 gemaB einem bevorzugten Ausfuh-
nenten zweckmaBigerweise durch geeignete rungsbeispiel schematisch dargestellt. Auf einem Fun-
Vorrichtungen, wie beispielsweise ein gespanntes dament 12 befindet sich der Turm 14, an dessen oberem
Stahlseil oder eine auBen an der Turmwand montierte 30 Ende ein Maschinengeh&use 18 um eine vertikale Dreh-
Flhrungsschiene gefiihrt. achse 20 drehbar gelagert ist. Das Maschinengehéuse
[0013] Der Antrieb des Zugorgans, bei dem es sich 18 weist eine quer zur Vertikalachse 20 gerichtete Lang-
insbesondere um ein Seil handelt, kann in dem Maschi- serstreckung 22 auf und steht mit seinem Gehauseteil
nengehéduse untergebracht sein. Um hierflir im Maschi- 24 radial vom Turm 14 ab. An dem vorderen Ende 26
nengehéuse jedoch keinen Platz zur Verfugung stellen 35 des Maschinengehéduses 18 befindet sich in diesem das
zumussen, ist es zweckmdBig, eine Seilwinde oder der- Hauptlager 27 fiir die Welle 28, an der der Rotor 29 be-
gleichen Lastzugorganantrieb am Fundament bzw. am festigt ist. Der Rotor 29 weist eine Nabe 30 mit im Re-
unteren Ende des Turms anzuordnen, um dann das Seil gelfall ein, zwei oder drei Rotorblattern 31 auf. Die Welle
durch den Turm bzw. auBen am Turm vorbei bis oben 28 ist mechanisch mit einem Getriebe 32 verbunden,
in das Maschinengehause zu fuhren. Die Winde wird 40 das uber eine schnelllaufende Welle 34 mit einem Ge-
dann fur die Dauer der Montagetéatigkeit montiert (Ko- nerator 36 verbunden ist. Optional befinden sich in dem
stenersparnis). Maschinengehause 18 ein Transformator 38 sowie di-
[0014] Durch den Uber die gesamte Lange des Ge- verse Schaltschrianke 40.

hauses (betrachtetin axialer Richtung des Triebstrangs) [0018] Der Generator 36 steht auf FUBen 42, unter de-
bewegbaren Bordkran der erfindungsgemaBen Wind- 45 nen zwei quer zur Langserstreckung 22 verlaufende
kraftanlage ist es darliber hinaus méglich, mit diesem Quertraversen 44 angeordnet sind. Die Quertraversen
Bordkran auch die Welle und das Hauptwellenlager ab- 44 sind von unten an zwei in Langserstreckung 22 ver-
zulassen bzw. in das Maschinengehéduse zu heben. Bei- laufenden und voneinander beabstandeten Langstra-
des kann sowohl uber die Bodenwandéffnung als auch gern 46 des Maschinengehduses 18 befestigt. Unter-
uber die Vorderseite des Maschinengehéauses (dort, wo 50 halb der Quertraversen 44 und der Langstrager 46 be-
der Rotor angeordnet ist) erfolgen. Der zuletzt genannte findet sich in der Bodenwand 48 des Maschinengehéu-
Fall macht es erforderlich, dass der Bordkran derart ver- ses 18 eine Bodendffnung 50, die derart bemessen ist,
fahrbar bzw. verschwenkbar ist, dass er Uber die Vor- dass der Generator 36 sich durch diese Offnung hin-
derseite des Gehauses auskragt. Dies hat darliber hin- durch in das Maschinengehéduse 18 hinein- bzw. aus
aus den Vorteil, dass der Bordkran nun auch fir die 55 dem Maschinengehduse 18 herausbewegen |asst.

Montage und den Austausch des Rotors verwendet
werden kann. Die Montage des Rotors kann namlich
nun so erfolgen, dass zunachst die Nabe angehoben

[0019] Alternativ zur Lagerung des Generators auf
Quertrdgern kann dieser auch direkt an dem Getriebe
32 angeflanscht sein.

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS

3 | PR2026-00102
Page 107 of 349



5 EP 1 101 934 A2 6

[0020] Die Beférderung des Generators 36 aus dem
Maschinengehduse 18 heraus bzw. in dieses hinein er-
folgt mittels eines bordeigenen als Schwenkportalkran
ausgebildeten Krans 52, der ein Gestell 53 mit zwei

zelne Rotorblatt 31 abgenommen, wobei man jeweils
dasjenige Rotorblatt 31 montiert bzw. demontiert, das
vertikal nach unten weisend an der Nabe 30 angebracht
ist bzw. anzubringen ist. Nachdem auf diese Weise

schwenkbaren Kranarmen 54 aufweist. In Fig. 1 istder 5 samtliche Rotorblatter 31 abgenommen sind, lasst sich
Bordkran 52 in seiner Parkposition dargestellt, in der er die Nabe 30 ablassen (s. Fig. 5). Nachdem dies erfolgt
vollstandig in dem Maschinengehduse 18 unterge- ist, kann nun das Hauptwellenlager 27 ggf. mit der
bracht ist. Bei 56 sind in Fig. 1 Scharnierachsen fur zwei Hauptwelle 28 mittels des Schwenkportalkrans 52 ab-
Deckelklappen 58 des Maschinengehauses dargestellt, gelassen werden. Damit wird also die letzte Hauptkom-
die symmetrisch zur Langserstreckung 22 angeordnet 70 ponente des Maschinengehauses 18 ebenfalls mit Hilfe
sind. Durch Aufklappen dieser Deckelklappen 58 ist das des Schwenkportalkrans 52 abgelassen bzw. angeho-
Maschinengehduse 18 nach oben hin gedffnet, so dass ben.

nun der Schwenkportalkran 52 aufgerichtet werden [0024] Bei der erfindungsgeméBen Windkraftanlage
kann (s. Fig. 2). Unten am Fundament 12 des Turms 14 10 lassen sich also sdmtliche in der Héhe befindlichen
|&sst sich eine Seilwinde 60 montieren, von der ein Seil 75 Komponenten durch bordeigene Mittel montieren bzw.
62 im Turm oder auBen am Turm 14 vorbei bis in das demontieren. Dies stellt einen ganz entscheidenden
Maschinengehduse 18 und von dort Uber eine Umlen- Vorteil dar, wenn man die Windkraftanlage an Standor-
krolle 64 bis zum oberen Ende 66 der Kranarme 54 ver- ten aufbauen will, an denen externe Krane nichtso ohne
lauft. Zum Ablassen des Generators 36 wird der weiteres verfugbar sind. Hier sei auch das Anwen-
Schwenkportalkran 52 derart verschwenkt, dass die 20 dungsgebiet der Offshore-Anlagen genannt, bei denen
oberen Enden 66 seiner Arme 54 oberhalb des Gene- bisher mit Schiffskranen gearbeitet wird, die Bewegun-
rators 36 angeordnet sind. Nun kann der Generator 36 gen des Schiffsrumpfs ausgleichen missen, um die
durch die Bodenéffnung 50 hindurch abgelassen bzw. Hauptkomponenten montieren bzw. demontieren zu
angehoben werden. kénnen.

[0021] Die Montage bzw. der Austausch des Getrie- 25 [0025] In Fig. 7 ist schematisch eine alternative Kon-
bes 32 kann dann erfolgen, wenn sich der Generator 36 struktion einer Windkraftanlage 10' mit Zweiblattrotor
noch nicht im Maschinengehduse 18 befindet oder gezeigt. Soweit die in Fig. 7 gezeigten Teile der Wind-
wenn er zur Seite oder nach hinten von der Bodenoff- kraftanlage 10' denjenigen der Windkraftanlage 10 der
nung 50 in eine Zwischenposition wegbewegt ist oder Fign. 1 bis 6 gleichen bzw. funktionsmaBig entsprechen,
sich in seiner Betriebsposition auBerhalb der Bodenéff- 30  sind sie mit den gleichen Bezugszeichen versehen.
nung befindet. Die Offnung 50 in der Bodenwand 48 ist [0026] In Fig. 7 ist der Aufbau des Maschinengehéu-
namlich derart bemessen, dass das Getriebe 32, das im ses 18 so gewabhlt, dass die Bodendffnung 50 entweder
Regelfall groBere Dimensionen quer zur Langserstrek- gar nicht oder lediglich teilweise von dem Generator 36
kung 22 des Gehauses aufweist, ebenfalls durch diese in dessen Betriebsposition Uberdeckt ist. Im erstge-
Offnung 50 hindurch transportiert werden kann. Der 35 nannten Fall kann der Generator 36 in seiner Betriebs-
Transport des Getriebes 32 innerhalb des Maschinen- position auBerhalb der Bodenéffnung 50 verbleiben,
gehduses 18 erfolgt dabei durch entsprechende Ver- wenn das Getriebe 32 ausgetauscht werden muss. Im
schwenkung der Kranarme 54. Je nach Ausfiuhrung der zweitgenannten Fall ist es erforderlich, den Generator
Lagerung der Welle 28 (ndmlich unter Einschluss des 36 aus seiner Betriebsposition, in der er teilweise die
Getriebes als zweiter Lagerpunkt - sogenannte Drei- 40 Bodenéffnung 50 lUberdeckt, in eine Zwischenposition
punktlagerung) kann es erforderlich sein, die Welle mit- innerhalb des Maschinengeh&uses 18 zu verschieben,
tels einer Wellenniederhaltevorrichtung 70 zu fixieren, so dass dann die Bodendffnung 50 freigelegt ist, um das
bevor das Getriebe 32 demontiert werden kann. Getriebe 32 auszutauschen.

[0022] In den Fign. 2 und 3 sind Verzurrungen 68, z. [0027] Fig. 7 zeigt ein Maschinengehduse 18 mit ei-
B. handelsubliche Schwerlast-Kettenzlige, dargestellt, 45 nem als Portalkran 52' ausgefiihrtem Kransystem, das
mit denen der Schwenkportalkran 52 einerseits am Ma- eine auf dem Gestell 53 verfahrbare Laufkatze 55 auf-
schinengehduse 18 und andererseits an der Nabe 30 weist. Um bei einem derartigen Portalkransystem auch
des Rotors 29 arretierbar ist. Der Schwenkportalkran 52 noch vor dem Rotor 29 arbeiten zu kénnen, weist das
kann anstelle dieser Verzurrungen bzw. zusatzlich zu Gestell 53 zwei Schwenkarme 54 auf, die an dem Ge-
diesen Verzurrungen uber Hydraulikstempel-/Zylinder- 50  stell 53 schwenkbar gelagert sind. Alternativ kénnen die
Einheiten verfiigen, mit denen sich die Kranarme 54 ver- schwenkbaren Arme 54 auch als aus dem Gestell 53
schwenken lassen. teleskopierbare Schienen ausgebildet sein, auf denen
[0023] Durch Verschwenken der Kranarme 54 in dann die Laufkatze 55 bis tber und vor dem Rotor 29
Richtung des vorderen Endes 26 des Gehauses 18, bis verfahrbar ist.

die Enden 66 der Kranarme 54 Uber den Rotor 29 vor- 55 [0028] Je nach Gewicht und GréBe des Rotors 29

stehen, lasst sich der Schwenkportalkran 52 auch zur
Montage sowie Demontage des Rotors 29 einsetzen. In
der Darstellung geman Fig. 4 wird zunachst jedes ein-

l&sst sich dieser entweder als Einheit in einer Horizon-
talstellung (s. Fig. 8) oder in Einzelteilen in einer Verti-
kalstellung (s. Fig. 9) montieren bzw. demontieren. Im
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letztgenannten Fall ist es erforderlich, dass der Portal-
kran 52' an seinem bis Uber und vor dem Rotor 29 ver-
schwenkbaren vorderen Ende "gegabelt" ist, so dass
die beiden Schwenkarme 54 beidseitig des hochstehen-

3, dadurch gekennzeichnet, dass das Gestell (53)
des Bordkrans (562,52") derartbewegbar in dem Ma-
schinengehduse (18) angeordnet ist, dass an das
Lastaufnahmeorgan (62) sowohl ein Rotorblatt (31)

den Rotorblatts 31 angeordnet sind. 5 als auch die Nabe (80) - mit oder ohne dem minde-
stens eine Rotorblatt (31) - anhangbar ist.
Patentanspriiche Windkraftanlage nach einem der Anspriche 1 bis
4, dadurch gekennzeichnet, dass der Bordkran
1. Windkraftanlage mit 10 (52,52") als Schwenkportalkran mit verschwenkba-
ren Armen (54) und/oder als verfahrbarer Portal-
- einem Turm (14), kran ausgebildet ist.
- eineman dem Turm (14) um eine Vertikalachse
(20) drehbaren Maschinengehduse (18) zur Windkraftanlage nach einem der Anspruche 1 bis
Aufnahme zumindest einer Welle (28) mit min- 15 5, dadurch gekennzeichnet, dass zum Anheben
destens einem Wellenlager (27), eines Getrie- und Absenken des Lastaufnahmeorgans (62) eine
bes (32) und eines Generators (36), die unter- Winde (60) vorgesehen ist, die am Ful3 des Turms
einander mechanisch verbunden sind, wobei (14) anbringbar ist, und dass sich das Lastaufnah-
das Maschinengehduse (18) einen radial vom meorgan (62) von der Winde (60) aus in oder an
Turm (14) abstehenden Gehauseteil (24) auf- 20 dem Turm (14) bis in das Maschinengehause (18)
weist, hinein erstreckt.
- einem Rotor (29) mit einer mit der Welle (28)
verbundenen Nabe (30) und mit mindestens ei- Verfahren zum Ausbau des Getriebes einer Wind-
nem von dieser abstehenden Rotorblatt (31), kraftanlage, die in einem an einem Turm drehbar
und 25 angebrachten Maschinengehduse untergebracht
- einem im Maschinengehause (18) angeordne- sind, wobei das Maschinengehduse eine auBerhalb
ten Bordkran (52,52") mit einem Gestell (53) des Turms (14) angeordnete Bodenéffnung (50)
und einem Lastaufnahmeorgan (62), wobei aufweist, Uber der sich innerhalb des Maschinen-
gehéduses (18) gegebenenfalls der Generator (36)
- das Gestell (563) des Bordkrans (52,52") 30 zumindest teilweise befindet, wobei bei dem Ver-
zum Anhangen sowohl des Generators fahren
(86) als auch des Getriebes (32) an dem
Lastaufnahmeorgan (62) an dem Maschi- - mittels eines in dem Maschinengehéduse (18)
nengehause (18) bewegbar gefuhrt ist, untergebrachten verfahr- und/oder ver-
- in der Bodenwand (48) des radial vom 35 schwenkbaren Bordkrans (52,52') zunéachst
Turm (14) abstehenden Maschinengehéu- der Generator (36) demontiert oder entweder
seteils (24) eine Offnung (50) ausgebildet durch die Bodendffnung (50) des Maschinen-
ist, und gehauses (18) abgelassen oder innerhalb des
- die Offnung (50) in der Bodenwand (48) Maschinengehduses (18) von der Bodend&ff-
derart bemessen ist, dass durch sie hin- 40 nung (50) wegbewegt wird,
durch mittels des Bordkrans (52,52') so- - anschlieBend mittels des Bordkrans (52,52")
wohl der Generator (36) als auch das Ge- das Getriebe (32) innerhalb des Maschinenge-
triebe (32) hindurch bewegbar ist. héuses (18) bis Uber die Bodenéffnung (50) be-
wegt wird und
2. Windkraftanlage nach Anspruch 1, dadurch ge- 45 - danach durch die Bodendéffnung (50) das Ge-
kennzeichnet, dass der obere Teil des Maschinen- triebe (32) mittels des Bordkrans (52,52") abge-
gehduses (18) zumindest bereichsweise abnehm- lassen wird
bar und/oder auf- bzw. abklappbar ist. oder
- mittels des Bordkrans (52,52') das Getriebe
3. Windkraftanlage nach Anspruch 1 oder 2, dadurch 50 (82) direkt Uber die Bodendéffnung (50) des Ma-
gekennzeichnet, dass das Gestell (63) des Bord- schinengehéduses (18) bewegt und durch die
krans (52,52') derart bewegbar in dem Maschinen- Bodendéffnung (50) abgelassen wird.
gehéduse (18) angeordnet ist, dass an das Lastauf-
nahmeorgan (62) sowohl das mindestens eine Wel- Verfahren zum Einbau des Getriebes einer Wind-
lenlager (27) als auch die Welle (28) anhdngbarund 55 kraftanlage, die in einem an einem Turm drehbar

bewegbar ist.

4. Windkraftanlage nach einem der Anspriiche 1 bis

angebrachten Maschinengehduse untergebracht
sind, wobei das Maschinengehéduse eine auBerhalb
des Turms (14) angeordnete Bodenéffnung (50)
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aufweist, Uber der sich innerhalb des Maschinen-
gehduses (18) gegebenenfalls der Generator (36)
zumindest teilweise befindet, wobei bei dem Ver-
fahren

- mittels eines in dem Maschinengehéduse (18)
untergebrachten verfahr- und/oder ver-
schwenkbaren Bordkrans (52,52') zunéchst
das Getriebe (32) durch die Bodendéffnung (50)
des Maschinengehéduses (18) in dieses geho-
ben wird,

- danach mittels des Bordkrans (52,52') das
Getriebe (32) innerhalb des Maschinenge-
hauses (18) bis zu seiner Einbaustelle von
der Bodenéffnung (50) wegbewegt wird
und

- anschlieBend mittels des Bordkrans
(52,52") der Generator (36) entweder durch
die Bodenéffnung (50) hindurch in das Ma-
schinengehduse (18) gehoben wird oder
innerhalb des Maschinengehauses in sei-
ne Betriebsposition verschoben wird,
oder

- mittels des Bordkrans (52,52') das Getrie-
be (382) bei in seiner Betriebsposition be-
findlichen Generator (36) durch die Boden-
6ffnung (50) hindurch in das Maschinenge-
hause (18) gehoben wird.

Verfahren zum Ausbau des Hauptlagers einer Wel-
le einer Windkraftanlage, die in einem an einem
Turm drehbar angebrachten Maschinengehause
(18) untergebracht ist, wobei an der Welle ein Rotor
mit einer Nabe und mit mindestens einem von die-
ser abstehenden Rotorblatt angebracht ist, wobei
bei dem Verfahren

- mittels eines in dem Maschinengehéduse (18)
untergebrachten verfahr- und/oder ver-
schwenkbaren Bordkrans (52,52') zunéchst
der Rotor (29) abgelassen wird und

- danach mittels des Bordkrans (52,52") das min-
destens eine Lager (27) der Welle (28) zusam-
men mit der Welle (28) oder das mindestens
eine Lager (27) und die Welle (28) getrennt
nacheinander abgelassen werden.

Verfahren nach Anspruch 9, dadurch gekennzeich-
net, dass zum Ablassen des Rotors (29) mittels des
Bordkrans (52,52") zunachst das mindestens eine
Rotorblatt (31) oder die einzelnen Rotorblatter (31)
abgelassen wird bzw. werden und anschlieBend
mittels des Bordkrans (52.52') die Nabe (30) abge-
lassen wird.

Verfahren zum Anbau des Rotors einer Windkraft-
anlage an einer an einem Lager (27) gelagerten
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10

Welle (28), die beide in einem an einem Turm dreh-
bar angeordneten Maschinengehduse unterge-
bracht sind, wobei bei dem Verfahren

- mittels eines in dem Maschinengehéduse (18)
untergebrachten verfahr- und/oder ver-
schwenkbaren Bordkrans (52,52") zunéachst
das Lager (27) oder die Welle (28) oder beide
gemeinsam in das Maschinengehéuse (18) ge-
hoben werden und

- danach mittels des Bordkrans (52,52') der Ro-
tor (29) angehoben wird.

Verfahren nach Anspruch 11, dadurch gekenn-
zeichnet, dass zum Anheben des eine Nabe (30)
und mindestens ein Rotorblatt (31) aufweisenden
Rotors (29) mittels des Bordkrans (52,52') zunachst
die Nabe (30) angehoben und an der Welle (28) be-
festigt wird und anschlieBend mittels des Bordkrans
(52,52") das mindestens eine Rotorblatt (31) oder
die Rotorblatter (31) einzeln angehoben und an der
Nabe (30) befestigt wird bzw. werden.
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(54) Method and apparatus for replacing objects mounted on horizontal shafts in elevated

locations

(57)  An apparatus (400) for stabilizing a shaft (402)
in an essentially horizontal position while an anchoring
object (300) at one end (602) of the shaft is replaced
without removal of an object (104) at the opposite end
(604) of the shaft that would otherwise tend to destabilize
the shaft from its essentially horizontal position includes

a half-spool member (401) configured to clamp above
and aroundthe shaftto resist torque around a rotor (104),
under supports (500) configured to attach to the half-
spoolmemberand clamp an underside of the shaft below
the half-spool member, and a hydraulic or mechanical
brake (518) configured to resist torque on the shaft when
the brake is engaged.
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Description

[0001] Thisinvention relates generally to the servicing of apparatus in elevated locations. The methods and apparatus
are particularly useful for servicing wind turbine generators, and more particularly to methods and apparatus that assist
in the removal replacement of gearboxes in wind turbine generators without requiring the removal of blades from the
wind turbine generator. However, the methods and apparatus described herein are not limited to servicing of wind
turbines, and can be used to replace various types of objects on horizontal shafts in elevated locations.

[0002] Generally, a wind turbine includes a rotor having multiple blades. The rotor is mounted within a housing or
nacelle positioned on top of a truss or tubular tower. Utility grade wind turbines (i.e., wind turbines designed to provide
electrical power to a utility grid) can have large rotors (e.g., 30 or more meters in diameter). Blades on these rotors
transform wind energy into a rotational torque or force that drives one or more generators. In many wind turbine config-
urations, these generators are rotationally coupled to the rotor through a gearbox. The gearbox is or can be used to step
up the inherently low rotational speed of the turbine rotor for the generator to efficiently convert mechanical energy to
electrical energy. The electrical energy so produced is fed into a utility grid.

[0003] Although they are built to be quite reliable, gearboxes are mechanical devices that experience wear while in
use. Also, even though gearboxes are mounted in a housing or nacelle and thus are protected from direct exposure to
the elements, gearboxes can indirectly experience stress from extreme environmental conditions because of their cou-
pling to large rotors. Thus, it will come as no surprise that gearboxes in wind turbines require occasional replacement.
[0004] In at least one known method for replacing a gearbox in a wind turbine, a crane is required to lift the gearbox
out of an open nacelle. However, removing the gearbox also removes the object holding the end of the main shaft in
place. In a typical wind turbine in a wind farm, a large rotor is fastened to the other end of the main shaft. This rotor has
several long, heavy blades attached to a hub, so to prevent the main shaft from bending or the rotor from becoming
tilted, the blades have to be removed from the rotor before the gearbox is removed. The sheer size of the wind turbines
makes servicing difficult and expensive, as at the 65 to 80 meter height of some wind turbines used in generator farms,
a large crane is required. Two cranes are required in some cases, because the entire rotor set must be removed in some
cases and brought to the ground. A second crane is used to grab the bottom blade of the rotor and to "tail it out," i.e.,
make it flat in the air so that it can be set on the ground.

[0005] In some present wind turbine designs, the secondary bearing is the gearbox. A rotor having a mass of 76,000
pounds (34,466Kg) produces an upward lift of about 56,000 pounds (25,400Kg) at the gearbox.

[0006] Thus, known methods of replacement or servicing of a gearbox in a wind turbine are expensive and labor-
intensive.

[0007] Some aspects of the present invention therefore provide a method for replacing a first object in an apparatus
at an elevated location, wherein the first object anchors a first end of an essentially horizontal shaft in the apparatus and
wherein aweight of a second object at a second, opposite end of the shaft tends to destabilize the shaft from its essentially
horizontal position when the first object is not present. The method includes lifting a shaft-restraining member or members
to the apparatus, fastening the shaft-restraining member or members to the apparatus to thereby restrain the shaft from
tilting when the first object is removed from the apparatus, removing the first object from the apparatus with the shaft-
restraining member or members fastened to the apparatus, re-anchoring the first end of the shaft with a replacement
object, and removing the shaft-restraining member or members from the apparatus after the shaft is re-anchored by the
replacement object.

[0008] In anotheraspect, the present invention provides an apparatus for stabilizing a shaft in an essentially horizontal
position while an anchoring object at one end of the shaft is replaced without removal of an object at the opposite end
of the shaft that would otherwise tend to destabilize the shaft from its essentially horizontal position. The apparatus
includes a half-spool member configured to clamp above and around the shaft to resist torque around the rotor, under
supports configured to attach to the half-spool member and clamp an underside of the shaft below the half-spool member,
and a hydraulic or mechanical brake configured to resist torque on the shaft when the brake is engaged.

[0009] In yet another aspect, the present invention provides an apparatus for stabilizing a shaft in an essentially
horizontal position while an anchoring object at one end of the shaft is replaced without removal of an object at the
opposite end of the shaft that would otherwise tend to destabilize the shaft from its essentially horizontal position. The
apparatus includes a half-spool member having a mounting ear or flange configured to attach to a mounting flange of
a bearing or journal of the shaft, and a semi-annular member configured to mount between and attach to an end of the
half-spool member and a flange or hub of the shaft. The half-spool member and the semi-annular member are configured
to bolt together, and the semi-annular member is configured to bolt to a flange of the shaft.

[0010] It will thus be seen that various configurations of the present invention not only allow replacement of a heavy
elevated object, e.g., a gearbox in a wind turbine, with only one crane, without removing the shaft that it is on or the hub
or blades of a rotor at the opposite end of the shaft from the gearbox.

[0011] Various aspects and embodiments of the present invention will now be described with reference to the accom-
panying drawings, in which:
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Figure 1 is a perspective view of a wind turbine ready to have a gearbox replaced.
Figure 2 is a flow chart representative of steps performed in some configurations of the present invention.
Figure 3 is a perspective view of a wind turbine in a partial stage of disassembly.

Figure 4 is a perspective view of the wind turbine of Figure 1 showing the removal of some of the components therein
and the insertion of a shaft-restraining member as practiced in some configurations of the present invention.

Figure 5 is an exploded view of a portion of the wind turbine of Figure 4, showing mounting details of the shaft-
restraining member shown in Figure 4 and additional shaft-restraining members.

Figure 6 is a perspective view of the wind turbine of Figure 4 showing the gearbox removed and an end of the shaft
exposed.

Figure 7 is a partial perspective view of part of a shaft of a wind turbine, showing another configuration of shaft-
restraining members (i.e., a rotor locks) of the present invention.

Figure 8 is a cross-sectional perspective view of the shaft, the shaft-restraining members, and a journal or bearing
of the shaft of Figure 7.

Figure 9 is a cross-sectional view of a bolt configuration suitable for affixing a shaft-restraining member to a main
bearing housing.

[0012] More than one Figure must be referenced simultaneously to achieve a complete understanding of certain
aspects of the present invention. To assist the reader, where possible, the first digit of a reference numeral for an item
matches the first figure number in which the corresponding item is first described (but not necessarily the first figure in
which the item appears). All further references to that item use that same reference numeral, even when describing
other figures.

[0013] In some configurations of the present invention, an object (sometimes referred to herein as a "first object") is
replaced in an apparatus in an elevated location. The first object anchors a first end of an essentially horizontal rotatable
shaft in the apparatus. Another object (sometimes referred to herein as a "second object") at a second, opposite end of
the shaft is present and tends to destabilize the shaft from its essentially horizontal position when the first object is not
present. Some configurations of the present invention provide a temporary stabilization of the horizontal shaft that permits
replacement of the first object without removal of the second object during the replacement procedure. In some config-
urations of the present invention, the apparatus is a wind turbine, the first object is a gearbox of the wind turbine, and
the replacement object is a replacement gearbox. In some configurations, a locking or clamping arrangement is provided
that holds the horizontal main shaft at winds up to 25 meters per second, or over 50 miles per hour. However, in many
configurations, for safety reasons, the replacement of the gearbox is limited to conditions in which winds are not more
than 8 meters per second, or about 18 miles per hour. In addition, many wind turbine configurations in which gearboxes
are replaced have three blades on their rotors. Some configurations of the present invention rotate the blades so that
oneblade is pointed straight down and the other blades are in a rabbit ear configuration. In addition, in some configurations
of the present invention, the blades are pitched at an angle to avoid rotational torque on the rotor based upon the
prevailing wind direction and/or the wind turbine itself is yawed for the same purpose.

[0014] More particularly and referring to Figure 1, flow chart 200 of Figure 2, and Figure 3, in some configurations of
the present invention, a gearbox 300 of a wind turbine 100 is removed using a single crane 102 that is deployed 202 to
a repair site. Wind turbine 100 comprises a rotor 104 having at least one blade 1086. In the most common configuration,
rotor 104 has three blades 1086, but configurations of the present invention are not limited to rotor configurations having
a specific number of blades. Wind turbine 100 also comprises a nacelle 108 that is mounted atop a tower 110. Nacelle
108 houses various mechanical and electrical components of wind turbine 100, including gearbox 300. Nacelle 108
comprises a cowling 112, a top portion 114 of which is removed 204 at least in part by maneuvering hook 116 on crane
102 to a handle, hook, or other protuberance or opening of top portion 114 configured for the purpose, and lifting top
portion 114 off. In many configurations, in addition to the steps discussed herein, bolts are removed to uncap pillow
blocks, and after the pillow blocks are removed, a transmission and a yaw motor are both removed.

[0015] Figure 3 is an illustration of nacelle 108 of wind turbine 100 with cowling top portion 114 removed. Other
components of wind turbine 100 that interfere with the installation of a shaft-restraining collar (to be described below)
are also removed, for example, oil cooler 302, as shown schematically in Figure 4. To provide better visibility of com-
ponents within nacelle 108. the bottom portion 120 of cowling 112 has been omitted from Figure 3. However, it is not
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necessary to remove bottom portion 120 in many configurations of the present invention.

[0016] Referring to Figure 2 and Figure 4, a shaft-restraining member or members 400 is then lifted 206 into place
using crane 102 and hook 116. A hole or a handle 404 can be provided in member or members 400 to facilitate lifting.
In some configurations of the present invention, shaft-restraining member or members comprise a half-spool member
401 that is used to restrain rotating shaft 402 (sometimes referred to herein as "main shaft") from tilting from its horizontal
position when gearbox 300 is removed from wind turbine 100 without the removal of rotor 104. In some configuration of
the present invention and referring to Figure 5, shaft-restraining members 400 include under support members 500 that
are mounted under main shaft 402. Half-spool member 401 and under support members 500 are configured in some
configurations of the present invention to also inhibit rotation of shaft 402 due to wind on rotor 104 during at least a time
before gearbox 300 is removed until after a replacement gearbox re-anchors shaft 402 in place.

[0017] Referringto Figures 2, 4, and 5, half-spool member 401 is fastened to wind turbine 100, for example, by bolting
it 208 in place. For example, in some configurations of the present invention, half-spool member 401 includes mounting
wings 502 on opposite sides, although only one mounting wing 502 is visible in Figure 5. Each mounting wing 502 is
configured to receive a bolt 504 therethrough to slidably engage under support members 500 until they are adjusted
into position to support an underside of main shaft 402 and bolts 504 tightened. (In some configurations, bolts 504 are
tightened onto spacers that are not shown in the Figures so that main shaft 402 is supported underneath by curved
sections of under support members 500.) Also, each mounting wing 502 in some configurations is held in place using
a channel clamp 506 having a U-shaped channel 508 that attaches onto a bedplate (not explicitly shown in Figure 5) of
wind turbine 100. Each channel clamp 506 is bolted to a respective mounting wing 502 at both ends of half-spool member
401. An additional stiffening plate 510 is bolted to flanges 512 protruding from spool ends 514 and 516 of half-spool
member 401.

[0018] Hydraulic or mechanically operated friction brakes 518 are provided in some configurations to clamp main shaft
402 and thereby inhibit rotation of shaft 402. In some configurations, brakes 518 are provided on opposing brake support
flanges 519 extending in an essentially axial direction from an end 516 of half-spool member 401. For example, brakes
518 comprise opposing cylinders each supported by one of the opposing brake support flanges 519. The hydraulic or
mechanical clamping action of brakes 518 around main shaft 402 resists torque from rotor 104. (In some configurations,
mechanical clamping action is or can be provided electromechanically.)

[0019] In some configurations, shaft-restraining members 400 are configured to allow for rotation of rotor 104 during
high wind speed events that may occur during replacement of gearbox 300 to prevent damage to wind turbine 100 or
the danger of heavy components that might shear off in such conditions. For example, surfaces 520 are Teflon(TM)-cov-
ered or provided with roller bearing surfaces in some configurations that allow rotation of shaft 402 above a predetermined
torque.

[0020] In some configurations and referring to Figure 6, one or more yaw motors 600 are then secured 210 to main
shaft 402 to prevent rotation of rotor 104. A yaw motor 600 may be located on each side of main shaft 402. Gearbox
300isthen removed 212 by uncoupling it from main shaft 402 and lowering itto the ground using crane 102. A replacement
gearbox 300 is lifted using crane 102, putin place in nacelle 108 and attached 214 to main shaft 402, thereby re-anchoring
first end 602 of shaft 402. Shaft-restraining member 400, which was fastened to wind turbine 100 to resist the tendency
of shaft 402 to destabilize by tilting due to the weight of rotor 104 on second end 604 of shaft 402, is then removed 216
andloweredto the ground, using crane 102 as necessary. Top portion 114 of cowling 112 can then lifted up and reattached
to complete the servicing of wind turbine 100.

[0021] In some configurations of the present invention and referring to Figures 7 and 8, shaft-restraining members
are somewhat differently configured. For example, shaft-restraining members 700 in some configurations of the present
invention comprise a somewhat differently configured half-spool member 701 having mounting ears or flanges 702 and
a semi-annular member 704. Semi-annular member 704 is configured to mount between and fastened to an end 800
of half-spool member 701 using one or more bolts 802 tightened through holes 804 proximate the periphery of semi-
annular member 704 and holes 806 through a periphery of end 800 of half-spool member 701. Semi-annular member
704 is also configured to mount onto a mounting flange 808 of shaft 402, or in some configurations, to hub 122 of rotor
104 (see Figure 1).

[0022] More particularly, in some configurations, mounting flange 808 of shaft 402 comprises a trumpeted section
having countersunk holes 810 that accommodate the heads of bolts (not shown in Figure 8) that fasten hub 122 to flange
808. One or more of these bolts are removed and replaced with longer bolts 816 that are used to fasten semi-annular
member 704 to mounting flange 808 on a side opposite hub 122 (not shown in Figure 8), but many bolts are not removed.
These bolts do not interfere with semi-annular member 704 because their heads are recessed into countersunk holes.
In other configurations, holes are countersunk in semi-annular member 704 rather than in mounting flange 808 to allow
a side of semi-annular member 704 to firmly contact flange 808. In either type of configuration, hub 122 and blades 106
need not be removed during the replacement of gearbox 300.

[0023] In some configurations and referring to Figures 7 and 9, half-spool member 701 is placed over main shaft 402,
and more particularly over journal or bearing 710. Mounting ears or flanges 702 of half-spool member 701 are configured
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to rest atop mounting flanges 706 of a journal or bearing 710 around main shaft 402. For example, internally threaded
bolts 900 are threaded onto a threaded end of existing bolts 708 that extend beyond nuts 904 that fasten mounting
flanges 706 to bedplate 902 (not shown in Figure 7). In this manner, half-spool member 701 is fastened to bedplate 902
of wind turbine 100. Slots 712 in mounting flanges 706 and in a cylindrical body portion 714 of half-spool member 701
provide clearance for gusset plates 716 of journal or bearing 710 to pass through.

[0024] Byfastening semi-annularmember704to mounting flange 8086, half-spoolmember 701 to semi-annularmember
704, and half-spool member 701 to mounting flanges 706 or to bolts 708 therein, shaft 402 is effectively restrained from
tilting and its rotation effectively inhibited. Gearbox 300 can then be safely removed and replaced.

[0025] In some configurations and referring again to Figure 8, semi-annular member 704 also includes one or more
axially extending protuberances 812 such as a tooth, a key, or a wedge (for simplicity hereinafter, the term "tooth" is
used generically to refer to protuberance 812). Tooth 812 engages an appropriately shaped gap 814 in a circumference
of mounting flange 808 to effectively inhibit rotation of shaft 402. Some configurations provide more than one tooth 812,
each engaging an appropriately shaped notch 814. Some configurations include one or more teeth 812 in addition to
bolts 812 to fasten semi-annular member 704 to flange 808. Some configurations have one or more teeth 812 and do
not use bolts 812 to fasten semi-annular member 704 to flange 808.

[0026] It will thus be appreciated that various configurations of the present invention not only allow replacement of a
heavy elevated object, e.g., a gearbox in a wind turbine, with only one crane, without removing the shaft that it is on or
the hub or blades of a rotor at the opposite end of the shaft from the gearbox.

[0027] While the invention has been described in terms of various specific embodiments, those skilled in the art will
recognize that the invention can be practiced with modification within the spirit and scope of the claims.

PARTS LIST
[0028]
wind turbine 100
crane 102
rotor 104
blades 106
at least one blade 106
nacelle 108
tower 110
cowling 112
cowling top portion 114
hook 116
cowling bottom portion 120
hub 122
flow chart 200
deploy crane to repair site 202
remove cowling 204
lift prop shaft restraining collar 206
lift channel clamps into place with crane and attach with bolts 208
secure anti-rotation pin to prop shaft collar 210
uncouple gear box from prop shaft and lower to ground 212
reattach crane to new gear box, lift into place and attach to prop shaft 214
remove anti-rotation pin, remove channel clamps, remove restraining collar and lower respectively usingcrane 216
gearbox 300
oil cooler 302
shaft-restraining member or members 400
half-spool member 401
main or rotating shaft 402
hole or handle 404
under support members 500
mounting wings 502
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(continued)

bolts 504
channel clamp 506
U-shaped channel 508
stiffening plate 510
flanges 512
spool end 514
another spool end 516
brakes 518
opposing brake support flanges 519
surfaces 520
yaw motor 600
first end of shaft 602
second end of shaft 604
shaft-restraining members 700
half-spool member 701
mounting ears or flanges 702
semi-annular member 704
mounting flanges 706
mounting flanges 706
a journal or bearing 710
slots 712
cylindrical body portion 714
gusset plates 716
end of half spool member 800
bolts 802
holes 802
mounting flange 808
countersunk holes 810
tooth or protuberance 812
gap or notch 814
an appropriately shaped notch 814
longer bolts 816
internally threaded bolts 900
bedplate 902
nuts 904
Claims

1. A method for replacing a first object (300) in an apparatus (100) at an elevated location, wherein the first object
anchors a first end (602) of an essentially horizontal shaft (402) in the apparatus and wherein a weight of a second
object (104) at a second, opposite end (604) of the shaft tends to destabilize the shaft from its essentially horizontal
position when the first object is not present, said method comprising:

lifting (206) a shaft-restraining member or members (400) to the apparatus;

fastening (208) the shaft-restraining member or members to the apparatus to thereby restrain the shaft from
tilting when the first object is removed from the apparatus;

removing (212) the first object from the apparatus with the shaft-restraining member or members fastened to
the apparatus;

re-anchoring (214) the first end of the shaft with a replacement object (300); and

removing (216) the shaft-restraining member or members from the apparatus after the shaft is re-anchored by
the replacement object.
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A method in accordance with Claim 1 wherein the shaft is a rotating shaft, and said method further comprises (210)
inhibiting rotation of the shaft from a time before said removal of the first object and said re-anchoring of the first of
the shaft.

A method in accordance with Claim 2 wherein said apparatus is a wind turbine (100), the first object is a gearbox
(300), the second object is a rotor (104) of the wind turbine, and the replacement object is a replacement gearbox
(300).

A method in accordance with Claim 3 wherein the apparatus is a wind turbine generator (100) having a rotor (104),
said lifting the restraining member to the apparatus further comprises utilizing a crane (102) to lift at least one of the
restraining members (400), and said replacing the first object is performed without removing the rotor from the wind
turbine generator.

A method in accordance with any preceding Claim wherein the-shaft is a rotating shaft (402), the apparatus is a
wind turbine (100), the first object is a gearbox (300), the second object is a rotor (104) of the wind turbine, the
replacement object is a replacement gearbox (300), and the shaft-restraining member or members comprise a half-
spool member (401), wherein said fastening the shaft-restraining member or members to the apparatus further
comprises mounting half-spool member over the shaft and fastening the half-spool member to a bedplate (902) of
the wind turbine.

An apparatus (400) for stabilizing a shaft (402) in an essentially horizontal position while an anchoring object (300)
at one end (602) of the shaft is replaced without removal of an object (104) at the opposite end (604) of the shaft
that would otherwise tend to destabilize the shaft from its essentially horizontal position, said apparatus comprising:

a half-spool member (401) configured to clamp above and around the shaft to resist torque around a rotor (104);
under supports (500) configured to attach to the half-spool member and clamp an underside of the shaft below
the half-spool member; and

a hydraulic or mechanical brake (5618) configured to resist torque on the shaft when the brake is engaged.

An apparatus in accordance with Claim 6 wherein at least said half-spool member and said under supports comprise
surfaces (520) configured to allow rotation of the shaft above a predetermined torque.

An apparatus in accordance with Claim 6 or Claim 7 wherein said half-spool member comprises mounting wings
(5602), and said apparatus further comprises channel clamps (506) configuredto clampto abed frame of the apparatus
and bolt to said mounting wings.

An apparatus in accordance with any one of Claims 6 to 8 wherein said half-spool member further comprises:

mounting wings (502) on opposite sides of the half-spool member; and

opposing brake support flanges (519) extending axially from ends of the half-spool member;

and further wherein said brakes comprise opposing cylinders each supported by one of said opposing brake
support flanges.

An apparatus (700) for stabilizing a shaft (402) in an essentially horizontal position while an anchoring object (300)
at one end (602) of the shaft is replaced without removal of an object (104) at the opposite end (604) of the shaft
that would otherwise tend to destabilize the shaft from its essentially horizontal position, said apparatus comprising:

a half-spool member (701) having a mounting ear or flange (702) configured to attach to a mounting flange
(706) of a bearing or journal (710) of the shaft;

a semi-annular member (704) configured to mount between and attach to an end of the half-spool member
(800) and a flange or hub (808) of the shaft;

said half-spool member and said semi-annular member configured to bolt together, and said semi-annular
member configured to bolt to a flange of the shaft.
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Domestic Priority data as claimed by applicant
This application is a 371 of PCT/DK2015/000040 10/06/2015

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

DENMARK PA 2014 00573 10/07/2014 No Access Code Provided

DENMARK PA 2015 00527 09/04/2015 No Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 07/14/2017
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/517,288

Projected Publication Date: 10/26/2017
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

MAIN SHAFT FIXTURE

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/517,288
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
o) (o or () N/A N/A N/A 140 N/A
SEARCH FEE
e o N/A N/A N/A 240 N/A
EXAMINATION FEE
it ey N/A N/A N/A 360 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 12 minus 20= 40 = 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 740 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR =
% Independent * Minus | *** = _ OR _
i (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR =
% Independent * Minus | *** = _ OR _
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

PO, Box 1450

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| U.S. APPLICATION NUMBER NO. FIRST NAMED INVENTOR ATTY. DOCKET NO. |
15/517,288 Per E. Fenger 400517-20003
25570 | INTERNATIONAL APPLICATION NO. |

Roberts Mlotkowski Safran Cole & Calderon, P.C.

PCT/DK2015/000040

7918 Jones Branch Drive

LA.FILING DATE

PRIORITY DATE

Suite 500

10/06/2015

10/07/2014

McLean, VA 22102

Date Mailed: 07/18/2017

CONFIRMATION NO. 1448
371 ACCEPTANCE LETTER

R A

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office, in its capacity as a
Designated / Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for
national patentability examination in the United States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above. A Filing Receipt will be
issued for the present application in due course. THE DATE APPEARING ON THE FILING RECEIPT AS THE
"FILING DATE or 371(c) DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 371 (c)(1) and (c)(2)
REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN BELOW. The filing date of
the above identified application is the international filing date of the international application (Article 11(3) and 35

U.S.C. 363)

04/06/2017
DATE OF RECEIPT OF 35 U.S.C.
371(c)(1) and (c)(2) REQUIREMENTS

The following items have been received:

+ Indication of Small Entity Status

+ Copy of the International Application filed on 04/06/2017

+ Copy of the International Search Report filed on 04/06/2017
* Preliminary Amendments filed on 04/06/2017

+ Information Disclosure Statements filed on 04/06/2017

+ Inventor's Oath or Declaration filed on 04/06/2017

* Request for Inmediate Examination filed on 04/06/2017

+ U.S. Basic National Fees filed on 04/06/2017

+ Substitute Specification filed on 04/06/2017

+ Authorize Access to Search Results filed on 04/06/2017

+ Priority Documents filed on 04/06/2017

« Power of Attorney filed on 04/06/2017

+ Authorization to Permit Access filed on 04/06/2017

+ Application Data Sheet (37 CFR 1.76) filed on 04/06/2017
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

TONI M HOOD

Telephone: (571) 272-3654

page 2 of 2

. LiftwWerx Ex. 1006
FORM PCT/DO/EO/903 (371 Acceptance Notice) LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102
Page 157 of 349



MULTIPLE DEPENDENT CLAIM
FEE CALCULATION SHEET

Substitute for Form PTO-1360
(For use with Form PTO/SB/06)

Application Number

15517288

Filing Date

Applicant(s) Per Fe nger

* May be used for additional claims or amendments

CLAIMS AS FILED AFTER FIRST AFTER SECOND * * *
AMENDMENT AMENDMENT
Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend
1 1 1 51
2 1 1 52
3 2 1 53
4 (1) 1 54
5 (1) 1 55
6 (1) 1 56
7 (1) 1 57
8 (1) 1 58
9 (1) 1 59
10 (1) 1 60
11 (1) 1 61
12 (1) 1 62
13 63
14 64
15 65
16 66
17 67
18 68
19 69
20 70
21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
31 81
32 82
33 83
34 84
35 85
36 86
37 87
38 88
39 89
40 90
41 91
42 92
43 93
44 94
45 95
46 96
47 97
48 98
49 99
50 100
Total Indep 1 1 0
- = ‘J T ‘J o ‘J
Depend
% N 3
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=
WIPO

WORLD
INTELLECTUAL PROPERTY
ORGANIZATION

DOCUMENT MADE AVAILABLE UNDER THE
PATENT COOPERATION TREATY (PCT)

International application number: PCT/DK2015/000040
International filing date: 06 October 2015 (06.10.2015)
Document type: Certified copy of priority document
Document details: Country/Office: DK

Number: PA 2014 00573

Filing date: 07 October 2014 (07.10.2014)
Date of receipt at the International Bureau: 12 October 2015 (12.10.2015)

Remark: Priority document submitted or transmitted to the International Bureau in compliance with Rule
17.1(a),(b) or (b-bis)

34, chemin des Colombettes
1211 Geneva 20, Switzerland
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WIPO

. . WORLD
Digital Access Service INTELLECTUAL PROPERTY

(DAS) ORGANIZATION

CERTIFICATE OF AVAILABILITY OF A CERTIFIED PATENT DOCUMENT IN A
DIGITAL LIBRARY

The International Bureau certifies that a copy of the patent application indicated
below has been available to the WIPO Digital Access Service since the date of
availability indicated, and that the patent application has been available to the
indicated Office(s) as of the date specified following the relevant Office code:

Document details:  Country/Office: DK
Filing date: 07 Oct 2014 (07.10.2014)
Application number: PA 2014 00573

Date of availability of document: 12 Oct 2015 (12.10.2015)

The following Offices can retrieve this document by using the access code:
JP, US, SE, KR, ES, GB, AU, IB, CN, FI

Date of issue of this certificate: 17 Oct 2015 (17.10.2015)

34, chemin des Colombettes
1211 Geneva 20, SW|tzerIand|_|ftWerX Ex. 1006
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Danish Patent a ademark Office
Ministry of Economic and Business Affairs
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fendeme st fasigion # den farste ende af o paraiiaii et hovedaksien og pa hwer

e

aide af denne forlsbeands, farste hisskefmade konsolier fthorende hovadalse!

fksturet, hvilke konsollers andean ends o drejelig! leprede med hovisonialt oranis.

~

s

s hovedaksaldiksturet, derer

{dan hansigh af kunne foretags udakifining af aksions hovedisle, uden gt vie-
e rda ﬁg@‘: i at afmonters hovedaksien, kan hovedaksebfiksturet yderligese om-
fatte { Jel mindsie sn anden akiuvatorn, imesiiam nacaiisns bundrmmme og den nnd
16 ganne tivendende side af de forste disslkeformeade konsoller og nssrmest rolond-

men, nedlven anden alduator gy furskydelly imellam en forsite passiv ydemposition o

arn gkl yderposition heanead Hangeslementst fo \,jw vartivall,

Herved opnas del, st hovedsksian kan havves fra st lgfe heengands | rotoris-
15 sen, sdledes al akslens hovedisis kan udskifias olisr sendcores wdsn at aksian

o feent F .
shal flernes fra nacslien,

Opfindeison forkiares nesemer e { det felgende mad henvisning tit {sgningen,
b

20 fig. 1 or of parspekiivbiiede af deds af en vindmatles naosdie, wdvisende na-
cellens burgdramme, vindmaellens hovedakas!, samt st hovedskashfikstur uige
apfindsisen, med on plvaegiskran g on selvophejsends kesn maoniarel,

fig. & er st mem detaljisret perspekdivbiiede fra en anden vinka! af det { fig.
viste, hvor hovedaksian er glort ransparant, udvigends ykdoms med trvkska,

2% tiherende hovedakseldiksturet faige opfindsisen, og

fia. 3 or st mere delaljerst perspaktivhiliede s en andan vinkel al ast i fig. 1
viste, hvor hovedaksien ar gior transparent, udvisende akiustoreme for hipvning
af hovadakslsn.

5

§fig. 1 sse en bundramme 2 Ean naoslle (ke vist) pé en vindmglle (kke
vist), hvor vindmgliens hovedakssal 4, mad gearkssss 8 og rotoren 8 er vigt, og
hvor hovedaksalfikaturat 10 ifaige opfindaisen or vist | monterst tistand, baasrends
henholdsvis an letvesgiskran 12 og en selvopheisande kran 14, mad ef jordbasgret
spif {kke vist), Bundrammen 2 er af hensyn i overskuelighedan gjon ransparent
£10104000
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s

Hovedaksebfiksturet 10 gr { den viste wiforelsssform favankret pd bundrame
man @ neyy gearkassen 8 og nser rolwren 8, og omiatier en ferdel ramme 14, der
sammen med en derpd fastspaend! tvaardragst 18, omshilier et stvkke af hovsd-
aksian 4 mellem rolorsn § og gesrkassen 8. Den Herdelte ranyme 14 er foraniret
pd bundrarmmen &

i fsg s dat i fig. 1 viste, man som snde-billede, sat fra rotorsiden af akslan
<€, og hyor rotaran 8 af hensyn i overskusiigheden er gior transparent, Som dat

f\*&mgé af fig. 2 omfatier den Serdelie ramme 14 of tverdrageran 16 talt € om-
kring hovadaksien 2 syrometisk placsrede trykdome 18, med tryksko 20, derer
bragt { anlgeg med hovedaksien 4, for fastholdsise af danne.

Tevkdomeans 18, kan udgeres af hydraudisk drsvng stempler hvis frie endsy
omiatier 'if‘}f%(ﬁiﬁv@ﬂﬁ% 24,

Sam det frempgdr af fig. 3, omnfatter hovedaksel-Gkshuret 14, to paraliell forlp-
bande forste dragers 22 pd hver side af hovedakslan 4, | bvis farsie gnder, neser-
mest rotoren 8, ar fastgion rolovias | form af of flangeshyment 24, hvig huldirkad 28
geomalr er lgedannet med hulcirke! 38 geometien p& rotoren § over en del af
rotorens perffer]. Ved Bening af roloren 8 bringss hullerne 7 rotaren 8 og hulleme
gi =ﬁﬁ§§3‘$‘=@m§ﬁ;@{ 24 8 pverlapning, hvorefler der indfares bolte gannen hulier-

. der tilspasndes med metrikker, hvorefter roloren B er fasthaldiiidst af flange-
eiemer st 24,

Oan anden ende of de parallsdt forlgbends forste dragere 22 of rermest
gs}:&rka& 8 drajeligh forankrst & horisontall orentersde lejobolta 30, p& an kon-
sob 32, der or fasigiont # hundrammen 2. De parafiel! forlebende forste dragers &3
er imdbyrdes forbundns med andre vasrdragers 34, pd hvitke ses konsolfacilitetsr

3 for sn ssiv opheisands kran 4 m@{i st jordbaserst spil {kke vish)

Sam det fremgdr of 8g. 3 og fig. 1, findss der imellem bundrammen 2 og de
saralleitferdebends forsie dragere 22 on gkiugtor 36, Aklivering af aklualoren 38 il
madfare en ndring af afstanden imellem bundraramen 2 og de ferste dragere 22,

i hvithet Hangeeslementet 24 er Qi&h%i’\{}‘i Friikket vil madfare gt flangselementst 24
rotoren B, og dermad hovedakslen 4 haeves, hvitkel wil madiurs, at det bliver
msn{;t at udskifte hovedaksiens leje 38, uden at vasre nodsaget il &l haiss hoved
PAOTIDKG0
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akstan 4 nad pa ovden, hvilkat 8o moget besparande, saframi hovadakssliaiet 38
skal reparsras siler wiskifies.

P g 1 ses endvidere hwvorlades hovadakseifiksturel 10 omfatier monterings-
faciiater 40 Ry lelvangislranen 124,

Qpfindaren har svkendt, 8t hovedakseb-Sksturet 10 kan anlage andre udform-
ainger en dan foran beskrevne og | figuren viste, men det sondrer ikke pa dat op-
finderiska aspakt der bestér | at angive f hovedakselSikstur 10 af dan angvne art,
dar omiatter justerbare frvkdome 18 mad tryksko 20, der mediarer at fikaturat 10
hitver anvendealigh vansst geometren af hovedakslen 4 pd en vindmglle, og sale-
das, at dutie kan monteres uden at fiksare rotoren 8, og vdarligers gt kombinere
hovedakselfiksturs! mead faciiteter (40) montering af henholdsvis en letvaegiskran
12, g an sshapheisends kran 14, med of jordbaserst spl, sami en rotorias 24 og
slultelig at indratte hovedaksalfiksturet 10 med aldustorer 38, salades &t hoved-
akslen 4 og hovadakselisiet 38 kan haves listreekkeligt fra dalles lgig | nacelien
i, ot lejet kan sorvicerss efiey udskiftes
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Sammendrag

Qe angives &t hoverlaksebfiksty {10} i fkering af hovedaksian (41 paen

vindmslie vad gennemiorelse af montage- og reparationsarbaider pd unge dele af
an arrangsret { nacalen pd vindmatlsy, hvitket fikstur (10 opdelt { ot antyd

o siabils konstruklionsdele {2), der forefindss L an vind-
rriglies ng i\:’%s‘?, E?,eemv ¢ nacelieng bundramme (4

Hovedaksebfilksturst {10} omfatier justerbare tnvkdoms (18} med trvksko
{200, der madisrer af Tiksturat 10 bliver anvendsligh uanseat gsometrisn af hoved-
aksien {4} pa sn vindmelle, oy sdledes, al detle kan munisres uden at fiksere olo-
ren {8, Hovedahksebfikstirel {10} omfatter tillige facilitetsr (40} montering af hane
holdavis en letvasgiskran {12}, og en sslvopheisende kran {14} med ot jordbasaret
spil, samt an rotortas (34}, der | kombination med 8 hovaedaksel-fiksturst (10} hes-
rande aktuatorer {38) imellem hovedaksebfiksturel {10} og bundrammen {2}, med-
forer, at det ar rmuligh at forskyds hovedaksian {4} of hovedakseligist {38} vartikall
fra dettes lgie | nacelien Hl, atl lejel kan servicares aller udskifies,
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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 coliection of information unless it displays a valid OMB control number.

TRANSMITTAL LETTER TO THE UNITED STATES T D"

DESIGNATEDIELECTED OFFICE (DOIEOIUS) U.S. Application No. (if known, see 37 CFR 1.5)
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371

International Application No. International Fil'ing Date Priority Date Claimed

PCT/DK2015/000040 6 October 2015 7 Qctober 2014, 4 September 2015

Title of Invention

MAIN SHAFT FIXTURE

First Named Inventor

Per E. Fenger

1.

5.

6.

7.

8a
8b

9.
10

12
13
14
15

16

11.

Applicant herewith sybmits to the United States Designated/Elected Office (DO/EO/US) the following items and other information.

This is an express request to begin national examination procedures (35 U.S.C. 371(f)). NOTE: The express request under
= 35 U1.S.C. 371(f) will not be effective unless the requirements under 35 U.S.C. 371(c)(1). (2}, and (4) for payment of the basic national
fee, copy of the International Application and English translation thereof (if required), and the oath or declaration of the inventor(s)
have been received.

A copy of the International Application (35 U.S.C. 371(c)(2)) is attached hereto (not required if the International Application was
previously communicated by the International Bureau or was filed in the United States Receiving Office (RO/US)).

An English language translation of the International Application (35 U.8.C. 371(c)(2))
a. D is attached hereto.
b. D has been previously submitted under 35 U.S.C. 154(d)(4).

An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4))

a. is attached.

b. D was previously filed in the international phase under PCT Rule 4.17(iv).

Items 5 to 8 below concern amendments made in the international phase.
PCT Article 19 and 34 amendments

D Amendments to the claims under PCT Article 19 are attached (not required if communicated by the International Bureau) (35 U.S.C.
371(c)(3)).
D English translation of the PCT Article 19 amendment is attached (35 U.S.C. 371(c)(3)).

D English translation of annexes (Article 19 and/or 34 amendments only) of the International Preliminary Examination Report is
attached (35 U.S.C. 371(c)(5)).

Cancellation of amendments made in the international phase

. [:] Do not enter the amendment made in the international phase under PCT Article 19.

. El Do not enter the amendment made in the international phase under PCT Article 34.

NOTE: A proper amendment made in English under Article 19 or 34 will be entered in the U.S. national phase application absent a clear
instruction from applicant not to enter the amendment(s).

The following items 9 to 17 concern a document(s) or information included.

An Information Disclosure Statement under 37 CFR 1.97 and 1.98.
. A preliminary amendment.
An Application Data Sheet under 37 CFR 1.76.
. A substitute specification. NOTE: A substitute specification cannot include claims. See 37 CFR 1.125(b).
. A power of attorney and/or change of address letter.
. D A computer-readabie form of the sequence listing in accordance with PCT Rule 13fer.3 and 37 CFR 1.821-1.825.

. D Assignment papers (cover sheet and document(s)). Name of Assignee:

. [:I 37 CFR 3.73(c) Statement (when there is an Assignee).

This collection of information is required by 37 CFR 1.414 and 1.491-1.492. 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.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 15
minutes to complete, including gathering, preparing, and submitting the completed application 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: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102

Page 174 of 349




PTO-1390 (06-13)

Approved for use through 6/30/2013. OMB 0651-0021
; 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 displays a valid OMB contral number.

U.S. APPLN. No. (if known — see 37 CFR 1.5) INTERNATIONAL APPLICATION No.

ATTORNEY DOCKET No.

PCT/DK2015/000040 400517-20003
17. Other items or information:
Mark-up Specification
The following fees have been submitted. CALCULATIONS PTO USE ONLY
18. Basic national fee (37 CFR 1.492(8)) ....vvvvvevrererreresvereererssnsnrennnneneans $280 $ 280.00
19. - Examination fee (37 CFR 1.492(c))
” If the written opinion prepared by ISA/US or the international preliminary 720.00
examination report prepared by IPEA/US indicates all claims satisfy provisions of $
PCT Article 33(1)- (4) ettt reaererre vreneeireraries e e ee D0
All other situations .. .. .. $720
20. |y | Searchfee (37 CFR 1 492(b))
If the written opinion prepared by ISA/US or the international preliminary 480.00
examination report prepared by IPEA/US indicates all claims satisfy provisions of
PCT Article 33(1)-(4) .. . $0
Search fee (37 CFR 1 445(3)(2)) has been paid on the mternatlonal applvcatlon to $
the USPTO as an International Searching Authority ...............ccovennaees $120
International Search Report prepared by an ISA other than the US and provided to
the Office or prevnously communicated to the US by the IB ... $480
All other situations .. JE O ...$600
TOTALOF 18,19,and 20= | $ 1480.00
D Additional fee for specification and drawings filed in paper over 100 sheets
(excluding sequence listing in compliance with 37 CFR 1.821(c) or (&) in an 0
electronic medium or computer program listing in an electronic medium) (37 CFR
1.492())).
Fee for each additional 50 sheets of paper or fraction thereof ............... $400
Number of each addition 50 or fraction
Total Sheets | Extra Sheets thereof (round up to a whole number) RATE
20 -100 = /50 = 0 x $400
Surcharge of $140.00 for furnishing any of the search fee, examination fee, or the oath or $ 0
declaration after the date of commencement of the national stage (37 CFR 1.492(h)).
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total claims 12 -20= 0 x $80 $0
Independent claims |t -3= 0 x $420 50
MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $780 50
Processing fee of $140.00 for furnishing the English translation later than 30 months from the $0
earliest claimed priority date (37 CFR 1.492(i)). +
TOTAL OF ABOVE CALCULATIONS = | §1480.00
Applicant asserts small entity status. See 37 CFR 1.27. Fees above are reduced by %.
D Applicant certifies micro entity status. See 37 CFR 1.29. Fees above are reduced by %.
Applicant must attach form PTO/SB/15A or B or equivalent.
TOTAL NATIONAL FEE= | $740.00
Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be $0
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property. +
TOTAL FEES ENCLOSED = | $740.00
Amount to be $
refunded:
Amount to be $
charged:
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a

b.

o

- O
[

A check in the amount of $ to cover the above fees is enclosed.

Please charge my Deposit Account No. in the amount of § to cover the above fees.

The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit Account
No. 502478(400517-20003) as follows:

[:I any required fee.

D any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim fee
required under 37 CFR 1.492(f).

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038. The PT0-2038 should only be mailed or

faxed to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOT be faxed to the USPTO.

ADVISORY: If filing by EFS-Web, do NOT attach the PTO-2038 form as a PDF along with your EFS-Web submission. Please be
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect your
information, it is recommended to pay fees online by using the electronic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be
filed and granted to restore the International Application to pending status.

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

L

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 1: 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.

NOTE 2: A U.S. national stage application may not claim priority to the international application of which it is the national phase. The filing
date of a U.S. national stage application is the international filing date. See 35 U.S.C. 363.

Correspondence Address

The address associated with Customer Number: _2ss70 OR D Correspondence addreés below
Name
Address
City State Zip Code
Country Telephone
Email

— NEN0)] oas | April 6, 2017

Name

hame ey |David S. Safran 4 rmeayiagens | 27,997
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Attorney Docket Number | 400517-20003

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MAIN SHAFT FIXTURE

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:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

[+| Per E. Fenger [+
Residence Information (Select One) US Residency e Non US Residency Active US Military Service

city |[ferndrup ||country of Residence | 33 |

Mailing Address of Inventor:

Address 1 Flougaardsvej 8

Address 2

City | Terndrup State/Province | |
Postal Code 9575 Countryi | |DK

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

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 D5570

Email Address docketing@rmsc2.com | Add Email | |Remove Email

Application Information:

Title of the Invention AIN SHAFT FIXTURE

Attorney Docket Number| ¥00517-20003 Small Entity Status Claimed

Application Type Nonprovisional v

Subject Matter tility v

Total Number of Drawing Sheets (if any) 5 Suggested Figure for Publicatidrif{ifVanglx. 2006
HiftWernc USA- e~ LiftralPIARS

=TT =L RRT = b B A =
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Attorney Docket Number | 400517-20003

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MAIN SHAFT FIXTURE

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.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 previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country
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.

Please Select One: ¢ Customer Number US Patent Practitioner () Limited Recognition (37 CFR 11.9)
Customer Number PH5T(0

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

A 371 of international PCT/DK2015/000040 2015-10-06

4

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. @Terx Ex. 1006
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

400517-20003

Application Number

Title of Invention MAIN SHAFT FIXTURE

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.8.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(1){(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).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)
PA 2014 00573 DK P014-10-07
Remove
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)
[PA 2015 00527 PK po15-09-04

Add button.

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

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

Applications

This application (1) claims priority to or the benefit of an application filed hefore 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.
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Attorney Docket Number | 400517-20003

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MAIN SHAFT FIXTURE

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 (EPQ), the Japan Patent Office
{(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPQO)}, the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral 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 results 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.
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Attorney Docket Number | 400517-20003

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MAIN SHAFT FIXTURE

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 Legal Representative under 35 U.S.C. 117 Joint Inventor

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

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

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name | IFTRA IP APS

Mailing Address Information For Applicant:

Address 1 Stationsmesterve] 81

Address 2

City Aalborg SV State/Province

Country | pK Postal Code 0200
Phone Number Fax Number

Email Address

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

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 assighment recorded by the Office.
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Attorney Docket Number | 400517-20003

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MAIN SHAFT FIXTURE

Assignee 1

Complete this section if assighee 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 assighee-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. X
Organization Name | IFTRA IP APS
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 Btationsmestervej 81
Address 2
City Aalborg SV State/Province
Countryi DK Postal Code 9200
Phone Number Fax Number
Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by o

selecting the Add button.

Signature:

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 |/david s safran/ Date (YYYY-MM-DD)| 2017-04-06
First Name | Pavid S. Last Name | [Safran Registration Number | 27,997
Additional Signature may be generated within this form by selecting the Add button.
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Attorney Docket Number | 400517-20003

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MAIN SHAFT FIXTURE

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, Alexandna, 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.
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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 tc 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.5.C. 2(b}(2); {2) furnishing of the informaticn 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 tc the following routine uses:

1

The information 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.

A record 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.

Arecord in this system of reccerds 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 tc the subject matter of the record.

A record 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).

A record 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 Internaticnal Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

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

A record 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 geverning 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.

A record 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.5.C.
122(b) or issuance of a patent pursuant to 35 US.C. 151. Further, a record may be disclesed, 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 cr 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.

A record 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 viclation of law or regulation.
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FHLE-MAIN SHAFT FIXTURE

Background of the Invention

Field of the Invention

[0001] The present invention relates to a main shaft fixture for the fixing of a main
shaft on a wind turbine during the execution of installation and repair work in heavy parts of a
wind turbine arranged in a nacelle on wind turbines, with the fixture being divided up into a
number of sections for installation on stable structural parts in a nacelle in a wind turbine,

including the nacelle's bottom frame.

Description of Related Art
[0002] During the-execution-of-installation and repair work on the nacelle of wind
turbines there is often a need to perform fixing of the wind-turbine’s-main shaft_of the wind

turbine, for example, with the replacement and servicing of a wind turbire'sturbine gear box,
generator or with the replacement of its main bearing, or other heavy structural parts present in
the nacelle of athe wind turbine. The stated components, which are mutually conjoined and
anchored to the nacelle's bottom frame, are stable in an assembled state, but when separation
needs to be undertaken during repairs and servicing of the turbine, static instability and
imbalance arises, which can lead to the turbine's structural parts being damaged, hereeso that

there is a need to fix the wind turbine’sturbine main shaft.

{0003} German Patent Application DE 102006013539 Al (NORDEX ENERGY
GMBH) discloses a main shaft fixture for fixing the main shaft on a wind turbine during the
execution of installation and repair work on heavy parts that are arranged in the nacelle on wind
turbines, with the fixture being divided up into a number of sections for installation on stable
structural parts that are found on a wind urbire'sturbine nacelle, including the racelle’s:

bottom frame of the nacelle.

0004 Up to now it has been necessary to halt the turbine, i.e., brake it and fix the rotor
p

with a rotor lock, and then mount an actual fixture to firmly hold the main shaft, subsequent to
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which servicing of the components in the wind furbire‘sturbine nacelle is able to take place.
However, it is inappropriate to have to halt the operation of the wind turbine while the
mounting of the main shaft fixture is taking place, as the standstill of the wind turbine during
the time that is spent to install the fixture involves a not insignificant operating loss in the form
of a lack of energy produced (power). Furthermore, the known main shaft fixtures are
relatively inflexible in relation to shaft geometry, which means that in practice nearly just as
many different fixtures need to be built and stored as there are shaft geometries that exist,
which is inappropriate. In addition, the use of self-hoisting cranes, whose winches are placed
on the ground surface near the turbine's tower, is increasing, because the use of such involves
large savings in the level of expenses for servicing of wind turbines since the use of large
mobile cranes for handling the above-mentioned large and heavy components is made
superfluous. This causes however a need for facilities for anchoring the self-hoisting crane
with the ground-based winch in the nacelle. However, the self-hoisting winch requires
furthermore the presence of a lightweight crane, for the hoisting of snatch blocks, etc., that are
to be anchored on/in the nacelle or on the blades of the wind turbine, which poses requirements

concerning the facilities for mounting the lightweight crane.

[0005] In the event of servicing in particular large wind turbines, it may however be
inappropriate to block the main shaft's rotation with an actual rotor lock, but rather be
appropriate to simply retain the shaft in position and permit a certain rotation of the shaft,
which is possible by turning the blades/nacelle out of the wind so that the shaft via the effects of
the wind on the blades only rotates very slowly, or not at all, whereby it is acceptable in terms

of safety, to perform service work in the nacelle of the wind turbine concerned.

Summary of the Invention
10006] #-Thus, it is the purpose of the invention to specify a main shaft fixture that
provide a more universal application in relation to shaft geometry, which moreover does not
require halting and fixing of the wind turbire'sturbine main shaft, but which may however

comprise the means for such.
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[0007] It is further the purpose of the invention to provide a main shaft fixture that in

addition offers facilities for the mounting of a self-hoisting crane, with a ground-based winch.

[0008] It is by the invention realized that this is possible by a main shaft fixture of the
nature specified in the introduction, which is characterised by that the main shaft fixture
comprises at least three radial displaceable pressure mandrels, substantially symmetrical
located around the centre axis of the main shaft, the ends of said pressure mandrels facing the
main shaft are furnished with a tap shoe, and said pressure mandrels being displaceable
between a passive, withdrawn lockable position where the tap shoes are configured to be
located at a distance from the surface of the main shaft and an advanced lockable position

where the tap shoes are configured to be engaged with the main shaft.

[0009] Considerable flexibility is hereby attained with respect to the main shaft
fixture's use for the fixing of main shafts with different geometries on wind turbines, since
solely the degree of mevabilitymobility of the pressure mandrels and the size of the main shaft
fixture pose limiting factors for the usability of such. The main shaft fixture is thus both usable
for fixing of cylinder-shaped shafts with different diameters and for the fixing of shafts with
conical shapes. The main shaft fixture according to the invention is multi-part, and may be
mounted on permanent structural parts, preferably the bottom frame of the nacelle, while the

rotor of the wind turbine is in operation.

[0010] With the intent of being able to use a self-hoisting crane with a ground-based
winch together with the main shaft fixture according to the invention, it may comprise
mounting facilities for a self-hoisting crane whose winch is placed on the ground surface

ground near the foot of the wind turbine.

[o011] The advance thereof is that the establishment of facilities for the fixing of the
wind turbine's main shaft, as well as the establishment of mounting facilities for the
self-hoisting crane with a ground-based winch, take place simultaneously, which saves work
processes, and space, which are of great importance, as the space in the nacelle in a wind

turbine are most often narrow, and furthermore the main shaft fixture as well as the mounting
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facilities for a self-hoisting crane in the nacelle normally utilise the same permanent structural

parts in the nacelle for anchoring.

[0012] With the intent of ensuring easy and rapid establishment of the self-hoisting
crane, which requires the hoisting of snatch blocks with wires originating from the
ground-based winch with a lightweight crane which is mounted on stable structural parts in the

nacelle, the main shaft fixture may comprise mounting facilities for a lightweight crane.

[0013] For the purpose of securing the rapid fixing of the main shaft using the main
shaft fixture according to the invention, the pressure mandrels may be provided with actuators
for displacing and retaining the tap shoes in the passive position and the active position,

respectively, alternatively in a selectable position between the passive and the active position.

[0014] Time is thereby saved in the displacement of the tap shoes between the passive

position, and the active position pressed against the main shaft's surface.

[0015] In a more simple form of embodiment of the main shaft fixture according to the
invention, the pressure mandrels may be comprised of threaded bolts whose free ends facing
the main shaft are furnished with tap shoes, where the threaded bolts work together with
threaded holes in relevant sections of the fixture. The pressure mandrels with the tap shoes are
hereby displaced by manual turning of the threaded bolts between the passive position and the

active position.

[0016] With the intent of being able to permit rotation of the main shaft during
performance of servicing of a relevant wind turbine and in order to protect the main shaft and
the main shaft fixture, a slide lining may exist between the opposing sides of the main shaft's

surface and the tap shoes.

[0017] This enables the main shaft to be fixed in its position by the main shaft fixture,
but with the main shaft being permitted to rotate without it being damaged due to the presence

of the slide lining.
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[0018] In a first embodiment of the slide lining, this could eensist-efcomprise the free

ends of tap shoes facing against the main shaft being furnished with slide plates, which in the

active extended position are engaged with the main shaft.

[0019] In a further embodiment, the main shaft fixture may according to the invention
comprise a multi-part slide plate working in conjunction with the main shaft to be mounted on
the main shaft, where the multi-part slide plate in its mounted state on the main shaft cooperates

with the tap shoes.

[0020] This enables the tap shoes on the main shaft fixture's pressure mandrel to slide
directly on the multi-part slide plate, in the event of a possible rotation of the main shaft caused
by the effects of wind on the blades. The tap shoes on the main shaft fixture's pressure mandrels
may cooperate with the multi-part slide plate on the main shaft, with or without slideway

linings on the opposing sides of the tap shoes facing the main shaft.

[0021] In a further embodiment of the main shaft fixture as per the invention, it may
comprise a multi-part needle bearing, roller bearing, ball bearing, consisting of a, multi-part
inner ring, fastened on the main shaft, and a therewith cooperating multi-part outer ring
consisting a number of bowed sub segments according to the number of tap shoes mounted on
the opposing side of the tap shoes facing the multi-part inner ring, which in the advanced active
position of the pressure mandrels form the outer ring at a distance from the external periphery
of the multi-part inner ring, and where a suitable number of needle rollers, rollers or balls are
placed between the inner ring and outer ring, and where means are present for retaining the

needles, rollers, or balls in position between the inner ring and outer ring.

[0022] An actual temporary bearing connection is hereby formed between the main

shaft fixture and the main shaft, about which the main shaft is able to rotate.
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[0023] With the intent of being able to fix the rotor on the wind turbine after it has been
braked to a stop, the main shaft fixture according to the invention, may comprise a rotor lock,

for fixing the wind turbire'sturbine rotor.

[0024] In a preferred embodiment of the rotor lock, it is comprised of a flange, whose
bolt circle geometry corresponds to a bolt circle geometry on the rotor, said flange element
being fastened at the ends to the first end of two first beam-shaped brackets extending parallel
with, and on each side of the main shaft, said beam shaped brackets belonging to the main shaft
fixture, and where the other end of the brackets are pivotally mounted with horizontally
oriented bolt connections, on other brackets belonging to the main shaft fixture, which are

anchored on the bottom frame of the nacelle.

[0025] It is hereby achieved that the rotor can be fixed by introducing a bolt through
one or more of the overlapping holes in the bolt circles on the flange fastened to the bottom

frame and the bolt circle on the rotor, respectively.

[0026] With the intent of being able to perform replacement of the shaft's main bearing,
without being forced to dismount the main shaft, the main shaft fixture may furthermore
comprise at least a second actuator, between the nacelle's bottom frame and the opposing side
of the first beam-shaped brackets facing such and the nearest rotor lock, where the other
actuator is movable between a first passive outer position and an active outer position whereby

the flange element is moved vertically.

[0027] This enables the main shaft to be able to be raised from its bearing hanging in
the rotor lock, such that the main bearing of the shaft can be replaced or serviced without the

necessity of removing the shaft from the nacelle.

[0028] The invention is explained in further detail in the following with reference to the
drawing—wherein;accompanying drawings.

Brief Description of the Drawings
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[0029] Fig. 1 is a perspective view of parts of a wind turbine'sturbine nacelle,
presenting the naecelle'snacelle bottom frame, the wind turbire'sturbine main shaft, and a
main shaft fixture according to the invention, with a lightweight crane and a self-hoisting crane
mounted,

10030] Fig. 2 is a more detailed perspective view from another angle of what is shown
in Fig. 1, where the main shaft is made transparent, presenting the pressure mandrel with tap
shoe belonging to the main shaft fixture according to the invention,

[0031] Fig. 3 is a more detailed perspective view from another angle of what is shown
in Fig. 1, presenting the actuators for raising the main shaft, where the main shaft is made
transparent,

[0032] Fig. 4 is a detailed perspective view of the main shaft fixture for a wind turbine,
where the tap shoes and the main shaft are furnished with slide plates, and

[0033] Fig. 5 is a detailed perspective view or the main shaft fixture for a wind turbine,
where the slide plates are replaced by a multi-part needle bearing/roller bearing/ball bearing
eonsistingformed of a multi-part inner ring fastened to the main shaft and a therewith
cooperating multi-part outer ring consisting of bowed subsegrrentssub-segments of the

number of tap shoes mounted on the opposing side of the tap shoes facing the inner ring.

Detailed Description of the Invention

[0034] {A-Fig. 1 shows a bottom frame 2 is-seen-in a nacelle (not shown) on a wind
turbine (not shown), where the main shaft 4 of the turbine, with a gear box 6 and thea rotor 8
are-shown, and where the main shaft fixture 10 according to the invention is shown in the
mounted state, bearing a lightweight crane 12 and a self-hoisting crane 14 with a ground-based
winch (not shown), respectively. The bottom frame 2 has for reasons of clarity been made

transparent.

[0035] In the illustrated embodiment, the main shaft fixture 10 is ir—the-—shown
embodimentshown-anchored to the bottom frame 2 near the gear box 6 and near the rotor 8,

and comprises a multi-part frame 14, which together with a cross member 16 fastened on it

encloses a part of the main shaft 4 between the rotor 8 and the gear box 6. The multi-part frame

14 is anchored on the bottom frame 2.
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[0036] {r—Fig. 2 is—shownshows what areis seen in Fig. 1, but asin an end

pietureview, seen from the rotor side of the shaft 4, and where the rotor 8 for reasons of clarity
has been made transparent. As it appears from Fig. 2, the multi-part frame 14 and cross member
16 comprise in total four pressure mandrels 18 symmetrically placed around the main shaft 2,

with tap shoes 20; that are engaged onto the main shaft 4 in order to fix su€hit in place.

[0037] The pressure mandrels 18 may be comprised of hydraulically driven pistons
whose free ends comprise the tap shoes 20, but may also be executed in other manners, where
they are moved manually between the active position where the tap shoes 20 are engaged with

the main shaft 4 and the passive, withdrawn position.

[0038] As it appears from Fig. 3, the main shaft fixture 10 comprises two parallel
passing first beams 22, one on each side of the main shaft 45, In the-first ends of whieh;each
first beam 22 nearest to the rotor 8, a rotor lock is fastened in the form of a flange element 24,
the hole circle 28-geometry 26 of which is similar to the hole circle 28-geometry ©r28 of the
rotor 8 over a-part of the periphery of the rotor. For locking of the rotor 8, the holes 7 in the
rotor 8 and the holes 9 in the flange element 24 are brought to overlap, and subsequently, bolts
are inserted through the overlapping holes, which are tightened with nuts, after which the rotor

8 is fixed/locked by the flange element 24.

[0039] The other end of the parallel passing first beams 22 are(that nearest to the gear
box 6) are pivotally anchored on horizontally oriented bearing bolt 30, on a bracket 32, which
is fastened to the bottom frame 2. The parallel passing first beams 22 are mutually connected
with second cross members 34, on which bracket facilities 23 are seen for a self-hoisting crane

14 with a ground-based winch (not shown).

100401 As it appears in fig—3—and-figFigs. 1 shew& 3, an actuator 36 is located
between the bottom frame 2 and the parallel passing first beams 22. Activation of the actuator
36 will result in a change of the distance between the bottom frame 2 and the first beams 22, in
which the flange element 24 is suspended, which will cause the flange element 24 and the rotor
8 and thereby the main shaft 4 to be raised, which will result in the possibility to replace the
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main shaft's bearing 38 without the necessity of hoisting the main shaft 4 down to the ground,

which is quite time-saving when the main shaft bearing 38 has to be repaired or replaced.

[0041] In Fig. 1, it is moreover shown how the main shaft fixture 10 comprises

mounting facilities 40 for the lightweight crane 12.

[0042] ia-Fig. 4 is-shewnshows an embodiment of the main shaft fixture according to
the invention, which is specially suited for use for fixing the wind turbinre'sturbine main shaft 4

in position on the nacelle, but where rotation of the main shaft 4 is possible, in the active

position of the pressure mandrels/tap shoes (18, 20), engaged with the main shaft.

[0043] As shown in Fig. 4, a slideway lining 42, 44 is located between the opposing

sides of the tap shoes 20 facing the surface of the main shaft 4.

[0044) The slideway may be comprised of slide plates 42 that are fastened to the
opposing free ends of the tap shoes 20 facing the main shaft 4, which in their active advanced
position are engaged with the main shaft 4, but which alternatively may comprise a multi-part
slide plate 44 cooperative working with the main shaft 4, for mounting on the main shaft 4, said
multi-part slide plate 44 in its mounted state on the main shaft 4 cooperates with the tap shoes
20. It must be stated that the presence of the multi-part slide plate 44 on the main shaft 4 does

not necessarily exclude the presence of the slide plates 42 and the tap shoes 20.

[0045] In a further embodiment, the main shaft fixture 10 censistsis comprised of a
multi-part needle bearing/roller bearing/ball bearing 46, comprisedformed of a multi-part
inner ring 48 fastened on the main shaft as well as, a cooperating multi-part outer ring S0
censistingformed of bowed subsegmentssub-segments 52 ofequal to the number of tap

shoes mounted on the opposing side of the tap shoes 20 facing the inner ring 48, which in the

advanced position of the pressure mandrels form the outer ring 50 at a distance from the outer
periphery of the multi-part inner ring 48, and where an appropriate number of needle rollers,

rollers, or balls 54 (in the shown embodiment rollers 54) are arranged between the inner ring 48
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and the outer ring 50, and where means (not shown) are present for retaining the needles/rollers

or balls (54) in position between the inner ring 48 and outer ring 50.

[0046] The means mentioned for fastening of needle rollers/rollers/balls 54 may
sonsistbe formed of cooperating edge delineators in opposing sides of the inner ring 48 and the
outer ring 50, alternatively ofas a means offor holding between which the needle
rollers/rollers/balls 54 are fastened.

[0047] The presence of the slide lining 42, 44, alternatively the multi-part needle
bearing, roller bearing, ball bearing 46, involves the main shaft 4 being permitted to rotate
simultaneously with it being fixed in its position during servicing of the wind turbine, which

can serve a purpose namely for larger wind turbines.

[0048]1 The inventor has recognised that the main shaft fixture 10 can assume other
embodiments than disclosed in the preceding and shown in the figures, however such do not
change the inventive aspect that eensistsis comprised of specifying a main shaft fixture 10 of
the given type that comprises adjustable pressure mandrels 18 with tap shoes 20, which causes
the fixture 10 to be usable regardless of the geometry of the main shaft 4 on a wind turbine, and
thus that such can be mounted without fixing the rotor 8 in place, and furthermore of combining
the main shaft fixture with facilities 40 for mounting of a lightweight crane 12 and a
self-hoisting crane 14 with a ground-based winch, respectively, as well as a rotor lock 24 and
finally of furnishing the main shaft fixture 10 with actuators 36, enabling the main shaft 4 and
the main shaft bearing 38 to be raised sufficiently from its bearing in the nacelle that it can be

serviced or replaced.
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What is claimed is:
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Abstract.

A main shaft fixture {+0)-s-diselosed-for fixing in-place-a main shaft {4)-on a wind
turbine during exeeution-ofinstallation and repair work on the-heavy parts of the wind turbine
arrangednacelle, in the racelle-ef-wind-turbines;case where the fixture (40)-is divided-up
inte-a-number-efformed of several sections for mounting on stable structural parts {2)-that
are-found-in a-wind-turbine’sthe nacelle, including the nacelle's bottom frame~2). The main
shaft fixture {(10)}-compriseshas adjustable pressure mandrels {(48)-with tap shoes-{20}, which
cause the fixture +6-to be usable regardless of the geemetry—oftheturbine main shaft {4}-on
a-wind-turbine—andgeometry, such that it can be mounted without fixing the rotor<(8). The
main shaft fixture {40}-also eempriseshas facilities {40)-for the-mounting of a lightweight

crane {42}-and a self-hoisting crane {(+4)-with a ground-based winch, respectively, as well as a
rotor lock {24}—which, in combination with the-actuators {36)-belorging-to-main-shaft

fodure{10)-betweenof the main shaft fixture—{10)-and-the-bettem-frame—{(2)-makesit
possible—to—displace, enables the main shaft {4)-and the main shaft bearing {38)to be

sufficiently displaced vertically from its bearing in the nacelle sufficiently-to service or replace

the bearing.
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Abstract.

A main shaft fixture for fixing a main shaft on a wind turbine during installation and
repair work on heavy parts of the wind turbine nacelle, in the case where the fixture is formed
of several sections for mounting on stable structural parts in the nacelle, including the
nacelle's bottom frame. The main shaft fixture has adjustable pressure mandrels with tap
shoes, which cause the fixture to be usable regardless of the turbine main shaft geometry,
such that it can be mounted without fixing the rotor. The main shaft fixture also has facilities
for mounting of a lightweight crane and a self-hoisting crane with a ground-based winch,
respectively, as well as a rotor lock which, in combination with actuators of the main shaft
fixture, enables the main shaft and the main shaft bearing to be sufficiently displaced

vertically from its bearing in the nacelle to service or replace the bearing.
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MAIN SHAFT FIXTURE

Background of the Invention
Field of the Invention
[0001] The present invention relates to a main shaft fixture for the fixing of a main
shaft on a wind turbine during the execution of installation and repair work in heavy parts of
a wind turbine arranged in a nacelle on wind turbines, with the fixture being divided up into a
number of sections for installation on stable structural parts in a nacelle in a wind turbine,

including the nacelle's bottom frame.

Description of Related Art

[0002] During installation and repair work on the nacelle of wind turbines there is
often a need to perform fixing of the main shaft of the wind turbine, for example, with the
replacement and servicing of a wind turbine gear box, generator or with the replacement of its
main bearing, or other heavy structural parts present in the nacelle of the wind turbine. The
stated components, which are mutually conjoined and anchored to the nacelle's bottom frame,
are stable in an assembled state, but when separation needs to be undertaken during repairs
and servicing of the turbine, static instability and imbalance arises, which can lead to the
turbine's structural parts being damaged, so that there is a need to fix the wind turbine main
shaft.

[0003] German Patent Application DE 102006013539 A1 (NORDEX ENERGY
GMBH) discloses a main shaft fixture for fixing the main shaft on a wind turbine during the
execution of installation and repair work on heavy parts that are arranged in the nacelle on
wind turbines, with the fixture being divided up into a number of sections for installation on
stable structural parts that are found on a wind turbine nacelle, including the bottom frame of
the nacelle.

[0004] Up to now it has been necessary to halt the turbine, i.e., brake it and fix the
rotor with a rotor lock, and then mount an actual fixture to firmly hold the main shatft,
subsequent to which servicing of the components in the wind turbine nacelle is able to take

place. However, it is inappropriate to have to halt the operation of the wind turbine while the
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mounting of the main shaft fixture is taking place, as the standstill of the wind turbine during
the time that is spent to install the fixture involves a not insignificant operating loss in the
form of a lack of energy produced (power). Furthermore, the known main shaft fixtures are
relatively inflexible in relation to shaft geometry, which means that in practice nearly just as
many different fixtures need to be built and stored as there are shaft geometries that exist,
which is inappropriate. In addition, the use of self-hoisting cranes, whose winches are placed
on the ground surface near the turbine's tower, is increasing, because the use of such involves
large savings in the level of expenses for servicing of wind turbines since the use of large
mobile cranes for handling the above-mentioned large and heavy components is made
superfluous. This causes however a need for facilities for anchoring the self-hoisting crane
with the ground-based winch in the nacelle. However, the self-hoisting winch requires
furthermore the presence of a lightweight crane, for the hoisting of snatch blocks, etc., that
are to be anchored on/in the nacelle or on the blades of the wind turbine, which poses
requirements concerning the facilities for mounting the lightweight crane.

[0005] In the event of servicing in particular large wind turbines, it may however be
inappropriate to block the main shaft's rotation with an actual rotor lock, but rather be
appropriate to simply retain the shaft in position and permit a certain rotation of the shaft,
which is possible by turning the blades/nacelle out of the wind so that the shaft via the effects
of the wind on the blades only rotates very slowly, or not at all, whereby it is acceptable in

terms of safety, to perform service work in the nacelle of the wind turbine concerned.

Summary of the Invention

[0006] Thus, it is the purpose of the invention to specify a main shaft fixture that
provide a more universal application in relation to shaft geometry, which moreover does not
require halting and fixing of the wind turbine main shaft, but which may however comprise
the means for such.

[0007] It is further the purpose of the invention to provide a main shaft fixture that in
addition offers facilities for the mounting of a self-hoisting crane, with a ground-based winch.
[0008] It is by the invention realized that this is possible by a main shaft fixture of the
nature specified in the introduction, which is characterised by that the main shaft fixture

comprises at least three radial displaceable pressure mandrels, substantially symmetrical
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located around the centre axis of the main shaft, the ends of said pressure mandrels facing the
main shaft are furnished with a tap shoe, and said pressure mandrels being displaceable
between a passive, withdrawn lockable position where the tap shoes are configured to be
located at a distance from the surface of the main shaft and an advanced lockable position
where the tap shoes are configured to be engaged with the main shaft.

[0009] Considerable flexibility is hereby attained with respect to the main shaft
fixture's use for the fixing of main shafts with different geometries on wind turbines, since
solely the degree of mobility of the pressure mandrels and the size of the main shaft fixture
pose limiting factors for the usability of such. The main shaft fixture is thus both usable for
fixing of cylinder-shaped shafts with different diameters and for the fixing of shafts with
conical shapes. The main shaft fixture according to the invention is multi-part, and may be
mounted on permanent structural parts, preferably the bottom frame of the nacelle, while the
rotor of the wind turbine is in operation.

[0010] With the intent of being able to use a self-hoisting crane with a ground-based
winch together with the main shaft fixture according to the invention, it may comprise
mounting facilities for a self-hoisting crane whose winch is placed on the ground surface
ground near the foot of the wind turbine.

[0011] The advance thereof is that the establishment of facilities for the fixing of the
wind turbine's main shaft, as well as the establishment of mounting facilities for the self-
hoisting crane with a ground-based winch, take place simultaneously, which saves work
processes, and space, which are of great importance, as the space in the nacelle in a wind
turbine are most often narrow, and furthermore the main shaft fixture as well as the mounting
facilities for a self-hoisting crane in the nacelle normally utilise the same permanent
structural parts in the nacelle for anchoring.

[0012] With the intent of ensuring easy and rapid establishment of the self-hoisting
crane, which requires the hoisting of snatch blocks with wires originating from the ground-
based winch with a lightweight crane which is mounted on stable structural parts in the
nacelle, the main shaft fixture may comprise mounting facilities for a lightweight crane.
[0013] For the purpose of securing the rapid fixing of the main shaft using the main
shaft fixture according to the invention, the pressure mandrels may be provided with

actuators for displacing and retaining the tap shoes in the passive position and the active
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position, respectively, alternatively in a selectable position between the passive and the active
position.

[0014] Time is thereby saved in the displacement of the tap shoes between the passive
position, and the active position pressed against the main shaft's surface.

[0015] In a more simple form of embodiment of the main shaft fixture according to
the invention, the pressure mandrels may be comprised of threaded bolts whose free ends
facing the main shaft are furnished with tap shoes, where the threaded bolts work together
with threaded holes in relevant sections of the fixture. The pressure mandrels with the tap
shoes are hereby displaced by manual turning of the threaded bolts between the passive
position and the active position.

[0016] With the intent of being able to permit rotation of the main shaft during
performance of servicing of a relevant wind turbine and in order to protect the main shaft and
the main shaft fixture, a slide lining may exist between the opposing sides of the main shaft's
surface and the tap shoes.

[0017] This enables the main shaft to be fixed in its position by the main shaft fixture,
but with the main shaft being permitted to rotate without it being damaged due to the
presence of the slide lining.

[0018] In a first embodiment of the slide lining, this could comprise the free ends of
tap shoes facing against the main shaft being furnished with slide plates, which in the active
extended position are engaged with the main shaft.

[0019] In a further embodiment, the main shaft fixture may according to the invention
comprise a multi-part slide plate working in conjunction with the main shaft to be mounted
on the main shaft, where the multi-part slide plate in its mounted state on the main shaft
cooperates with the tap shoes.

[0020] This enables the tap shoes on the main shaft fixture's pressure mandrel to slide
directly on the multi-part slide plate, in the event of a possible rotation of the main shaft
caused by the effects of wind on the blades. The tap shoes on the main shaft fixture's pressure
mandrels may cooperate with the multi-part slide plate on the main shaft, with or without
slideway linings on the opposing sides of the tap shoes facing the main shaft.

[0021] In a further embodiment of the main shaft fixture as per the invention, it may

comprise a multi-part needle bearing, roller bearing, ball bearing, consisting of a, multi-part
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inner ring, fastened on the main shaft, and a therewith cooperating multi-part outer ring
consisting a number of bowed sub segments according to the number of tap shoes mounted
on the opposing side of the tap shoes facing the multi-part inner ring, which in the advanced
active position of the pressure mandrels form the outer ring at a distance from the external
periphery of the multi-part inner ring, and where a suitable number of needle rollers, rollers
or balls are placed between the inner ring and outer ring, and where means are present for
retaining the needles, rollers, or balls in position between the inner ring and outer ring.

[0022] An actual temporary bearing connection is hereby formed between the main
shaft fixture and the main shaft, about which the main shaft is able to rotate.

[0023] With the intent of being able to fix the rotor on the wind turbine after it has
been braked to a stop, the main shaft fixture according to the invention, may comprise a rotor
lock, for fixing the wind turbine rotor.

[0024] In a preferred embodiment of the rotor lock, it is comprised of a flange, whose
bolt circle geometry corresponds to a bolt circle geometry on the rotor, said flange element
being fastened at the ends to the first end of two first beam-shaped brackets extending
parallel with, and on each side of the main shaft, said beam shaped brackets belonging to the
main shaft fixture, and where the other end of the brackets are pivotally mounted with
horizontally oriented bolt connections, on other brackets belonging to the main shaft fixture,
which are anchored on the bottom frame of the nacelle.

[0025] It is hereby achieved that the rotor can be fixed by introducing a bolt through
one or more of the overlapping holes in the bolt circles on the flange fastened to the bottom
frame and the bolt circle on the rotor, respectively.

[0026] With the intent of being able to perform replacement of the shaft's main
bearing, without being forced to dismount the main shaft, the main shaft fixture may
furthermore comprise at least a second actuator, between the nacelle's bottom frame and the
opposing side of the first beam-shaped brackets facing such and the nearest rotor lock, where
the other actuator is movable between a first passive outer position and an active outer
position whereby the flange element is moved vertically.

[0027] This enables the main shaft to be able to be raised from its bearing hanging in
the rotor lock, such that the main bearing of the shaft can be replaced or serviced without the

necessity of removing the shaft from the nacelle.
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[0028] The invention is explained in further detail in the following with reference to

the accompanying drawings.

Brief Description of the Drawings
[0029] Fig. 1 is a perspective view of parts of a wind turbine nacelle, presenting the
nacelle bottom frame, the wind turbine main shaft, and a main shaft fixture according to the
invention, with a lightweight crane and a self-hoisting crane mounted,
[0030] Fig. 2 is a more detailed perspective view from another angle of what is shown
in Fig. 1, where the main shaft is made transparent, presenting the pressure mandrel with tap
shoe belonging to the main shaft fixture according to the invention,
[0031] Fig. 3 is a more detailed perspective view from another angle of what is shown
in Fig. 1, presenting the actuators for raising the main shaft, where the main shaft is made
transparent,
[0032] Fig. 4 is a detailed perspective view of the main shaft fixture for a wind
turbine, where the tap shoes and the main shaft are furnished with slide plates, and
[0033] Fig. 5 is a detailed perspective view or the main shaft fixture for a wind
turbine, where the slide plates are replaced by a multi-part needle bearing/roller bearing/ball
bearing formed of a multi-part inner ring fastened to the main shaft and a therewith
cooperating multi-part outer ring consisting of bowed sub-segments of the number of tap

shoes mounted on the opposing side of the tap shoes facing the inner ring.

Detailed Description of the Invention

[0034] Fig. 1 shows a bottom frame 2 in a nacelle (not shown) on a wind turbine (not
shown), where the main shaft 4 of the turbine, with a gear box 6 and a rotor 8, and where the
main shaft fixture 10 according to the invention is shown in the mounted state, bearing a
lightweight crane 12 and a self-hoisting crane 14 with a ground-based winch (not shown),
respectively. The bottom frame 2 has for reasons of clarity been made transparent.

[0035] In the illustrated embodiment, the main shaft fixture 10 is anchored to the
bottom frame 2 near the gear box 6 and near the rotor 8, and comprises a multi-part frame 14,

which together with a cross member 16 fastened on it encloses a part of the main shaft 4
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between the rotor 8 and the gear box 6. The multi-part frame 14 is anchored on the bottom
frame 2.

[0036] Fig. 2 shows what is seen in Fig. 1, but in an end view, seen from the rotor
side of the shaft 4, and where the rotor 8 for reasons of clarity has been made transparent. As
it appears from Fig. 2, the multi-part frame 14 and cross member 16 comprise in total four
pressure mandrels 18 symmetrically placed around the main shaft 2, with tap shoes 20 that
are engaged onto the main shaft 4 in order to fix it in place.

[0037] The pressure mandrels 18 may be comprised of hydraulically driven pistons
whose free ends comprise the tap shoes 20, but may also be executed in other manners, where
they are moved manually between the active position where the tap shoes 20 are engaged
with the main shaft 4 and the passive, withdrawn position.

[0038] As it appears from Fig. 3, the main shaft fixture 10 comprises two parallel
passing first beams 22, one on each side of the main shaft 4. In first ends of each first
beam 22 nearest to the rotor 8, a rotor lock is fastened in the form of a flange element 24, the
hole circle geometry 26 of which is similar to the hole circle geometry 28 of the rotor 8 over
part of the periphery of the rotor. For locking of the rotor 8, the holes 7 in the rotor 8 and the
holes 9 in the flange element 24 are brought to overlap, and subsequently, bolts are inserted
through the overlapping holes, which are tightened with nuts, after which the rotor 8 is
fixed/locked by the flange element 24.

[0039] The other end of the parallel passing first beams 22 (that nearest to the gear
box 6) are pivotally anchored on horizontally oriented bearing bolt 30, on a bracket 32, which
is fastened to the bottom frame 2. The parallel passing first beams 22 are mutually connected
with second cross members 34, on which bracket facilities 23 are seen for a self-hoisting
crane 14 with a ground-based winch (not shown).

[0040] As it appears in Figs. 1 & 3, an actuator 36 is located between the bottom
frame 2 and the parallel passing first beams 22. Activation of the actuator 36 will result in a
change of the distance between the bottom frame 2 and the first beams 22, in which the
flange element 24 is suspended, which will cause the flange element 24 and the rotor 8 and
thereby the main shaft 4 to be raised, which will result in the possibility to replace the main
shaft's bearing 38 without the necessity of hoisting the main shaft 4 down to the ground,

which is quite time-saving when the main shaft bearing 38 has to be repaired or replaced.
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[0041] In Fig. 1, it is moreover shown how the main shaft fixture 10 comprises
mounting facilities 40 for the lightweight crane 12.

[0042] Fig. 4 shows an embodiment of the main shaft fixture according to the
invention, which is specially suited for use for fixing the wind turbine main shaft 4 in
position on the nacelle, but where rotation of the main shaft 4 is possible, in the active
position of the pressure mandrels/tap shoes (18, 20), engaged with the main shaft.

[0043] As shown in Fig. 4, a slideway lining 42, 44 is located between the opposing
sides of the tap shoes 20 facing the surface of the main shaft 4.

[0044] The slideway may be comprised of slide plates 42 that are fastened to the
opposing free ends of the tap shoes 20 facing the main shaft 4, which in their active advanced
position are engaged with the main shaft 4, but which alternatively may comprise a multi-part
slide plate 44 cooperative working with the main shaft 4, for mounting on the main shaft 4,
said multi-part slide plate 44 in its mounted state on the main shaft 4 cooperates with the tap
shoes 20. It must be stated that the presence of the multi-part slide plate 44 on the main shaft
4 does not necessarily exclude the presence of the slide plates 42 and the tap shoes 20.

[0045] In a further embodiment, the main shaft fixture 10 is comprised of a multi-part
needle bearing/roller bearing/ball bearing 46, formed of a multi-part inner ring 48 fastened on
the main shaft as well as, a cooperating multi-part outer ring 50 formed of bowed
sub-segments 52 equal to the number of tap shoes mounted on the opposing side of the tap
shoes 20 facing the inner ring 48, which in the advanced position of the pressure mandrels
form the outer ring 50 at a distance from the outer periphery of the multi-part inner ring 48,
and where an appropriate number of needle rollers, rollers, or balls 54 (in the shown
embodiment rollers 54) are arranged between the inner ring 48 and the outer ring 50, and
where means (not shown) are present for retaining the needles/rollers or balls (54) in position
between the inner ring 48 and outer ring 50.

[0046] The means mentioned for fastening of needle rollers/rollers/balls 54 may be
formed of cooperating edge delineators in opposing sides of the inner ring 48 and the outer
ring 50, alternatively as a means for holding between which the needle rollers/rollers/balls 54
are fastened.

[0047] The presence of the slide lining 42, 44, alternatively the multi-part needle

bearing, roller bearing, ball bearing 46, involves the main shaft 4 being permitted to rotate
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simultaneously with it being fixed in its position during servicing of the wind turbine, which
can serve a purpose namely for larger wind turbines.

[0048] The inventor has recognised that the main shaft fixture 10 can assume other
embodiments than disclosed in the preceding and shown in the figures, however such do not
change the inventive aspect that is comprised of specifying a main shaft fixture 10 of the
given type that comprises adjustable pressure mandrels 18 with tap shoes 20, which causes
the fixture 10 to be usable regardless of the geometry of the main shaft 4 on a wind turbine,
and thus that such can be mounted without fixing the rotor 8 in place, and furthermore of
combining the main shaft fixture with facilities 40 for mounting of a lightweight crane 12 and
a self-hoisting crane 14 with a ground-based winch, respectively, as well as a rotor lock 24
and finally of furnishing the main shaft fixture 10 with actuators 36, enabling the main shaft 4
and the main shaft bearing 38 to be raised sufficiently from its bearing in the nacelle that it

can be serviced or replaced.
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REMARKS

By this Preliminary Amendment, claims have been amended to be in better form for
initial U.S. national phase examination with no change in scope being intended. Likewise, a
substitute specification and abstract are submitted herewith to conform them more closely to
U.S. practice. Enclosed is a Replacement Sheet of Fig. 3. The amendments to the claims,
specification, and abstract, do not add new matter to the application and are fully supported
by the original disclosure. In fhis regard, a mark-up copy of the substitute specification and
abstract is submitted herewith and from which the Examiner can confirm that no new matter

has been added.

Respectfully submitted,

By: ngﬁ/]/

David S. Safran [/
Registration No. 27,997

Customer No. 25570

Roberts Mlotkowski Safran Cole & Calderon, P.C.
7918 Jones Branch Drive, Suite 500
McLean, VA 22102

Direct Telephone: 703-584-3273

DSS:kmm
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In the Claims:

1. (Currently Amended) [[Main]] A main shaft fixture (10) for fixation of a main shaft (4) on

a wind turbine during execution of installation and repair work on heavy parts of a wind

turbine, where the fixture (10) is divided up into a number of sections for mounting on stable
structural parts (2) struetural-parts in a nacelle in a wind turbine, including the bottom frame
(2) of the nacelle, eharaeterised-in-that wherein the main shaft fixture (10) comprises at least
three radial displaceable pressure mandrels (18), substantially symmetrical located around
[[the]] a centre axis (11) of the main shaft, [[the]] first ends of said pressure mandrels (18)
faeing face the main shaft (4) and are furnished with a tap shoe (20), and wherein said
pressure mandrels (18) being are displaceable between a passive, withdrawn lockable
position where the tap shoes (20) are configured to be located at a distance from the surface
of the main shaft (4) and an advanced lockable position where the tap shoes (20) are

configured to be engaged with the main shaft (4).

2. (Currently Amended) Meinr The main shaft fixture (10)[[,]] according to claim 1,

characterised—inthat-it-eomprises further comprising mounting facilities for a self-hoisting
crane (+);-the having winch ef-whieh-is located on [[the]] a ground surface near [[the]] a foot

of the wind turbine.

3. (Currently Amended) Main The main shaft fixture (10)[[,]] according to claim 1, further

comprising er2;-characterised-in-that-it-comprises mounting facilities (40) for a lightweight
crane (12).

4, (Currently Amended) Main The main shaft fixture (10)[[.]] according to claim 1, wherein
any-one-of the-claims-1-3;-charaeterised-in-that the pressure mandrels (18) [[is]] are provided

with actuators for displacing and retaining the tap shoes (20) in the passive position and the

active position, respectively, alternatively in a selectable position between the passive and the

active position.
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5. (Currently Amended) Main The main shaft fixture (10)[[,]] according to-any-ene-of-the
elaims—1-3;—characterised-in-that claim 1. wherein the pressure mandrels (18) eensists are
comprised of threaded bolts [[whose]] having opposing free ends faeing that face the main

shaft and are furnished with tap shoes (20), and wherein said threaded bolts eeeperates
cooperate with threaded holes in relevant respective sections of the fixture (10).

6. (Currently Amended) ) Main The main shaft fixture (10)[[,]] according to-apy-ene-ef-the
claims—1-S—charactervised—in—that-by claim 1. wherein a slideway lining (42, 44) being is

located between the opposing sides of the surface of the main shaft and tap shoes.

7. (Currently Amended) Main The main shaft fixture (10) according to claim 6, eharacterised
in-that wherein the slideway lining is configured so that [[of]] the opposing free ends of the
tap shoes (20) facing the main shaft (4) are provided with a slide plate (42) which in the

active advanced position is engaged with the main shaft (4).

8. (Currently Amended) Main The main shaft fixture (10) according to claim 6, further

comprising er7;-characterised-in-that-it-comprises a multi-part slide plate (44) cooperating
with the main shaft (4) for mounting on the main shaft (4), where the multi-part slide plate

(44) in [[its]] 2 mounted position on the main shaft (4) is-eoeperating cooperates with the tap
shoes (20).

9. (Currently Amended) Main The main shaft fixture (10) according to amy-one-of-the-elaims

1-5—characterised—in—that—it—comprises claim 1. further comprising a multi-part needle
bearing, roller bearing, ball bearing (46) eensisting comprised of a multi-part inner ring (48)

fastened to the main shaft (4), and a therewith cooperating multi-part outer ring (50)
consisting comprised of bowed sub-segments subsegments (52) corresponding to the number
of tap shoes, mounted on the opposing side of the tap shoes (20) facing the inner ring (48),
which in the advanced active position of the pressure mandrels form the outer ring (50) at a
distance from the outer periphery of the multi-part inner ring (48), and where an-appropriate
aumber plurality of needle rollers, rollers, or balls (54) are arranged between the inner ring
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(48) and the outer ring (50), and where means are present for retaining the needles, rollers, or

balls (54) in position between the inner ring (48) and outer ring (50).

10. (Currently Amended) Mair The main shaft fixture (10){[,]] according to claim 1. further
comprising any-one-of-the-claims1-9-characterised-in-that-it-comprises a rotor lock (24) for

fixation of the rotor (8) of the wind turbine.

11. (Currently Amended) Main The main shaft fixture (10)[[,]] according to claim 10,
characterised-in;-that wherein the rotor lock (24) eensists is comprised of a flange element,
swvhese with a bolt circle geometry (26) that corresponds to a bolt circle geometry (28) on the
rotor, said flange element (24) being fastened at the ends to [[the]] a first end (21) of two first
beam-shaped brackets (22) extending parallel with each other, and being located on each side
of the main shaft, said beam shaped brackets (22) belengingte forming part of the main shaft
fixture, and where the—eother a second end (23) of the brackets (22) [[are]] is pivotally
mounted with horizontally oriented bolt connections (30)[[,]] on other brackets (39)

belonging-to that form parts of the main shaft fixture (10)[[,]] and which are anchored on the

bottom frame (2) of the nacelle,

12. (Currently Amended) Main The main shaft fixture (10)[[,]] according to claim 11,
characterised-in;—that wherein at least one actuator (36) is located nearest the rotor lock (24)
between the bottom frame (2) of the nacelle and [[the]] an adjacent side (25) of the first

beam-shaped brackets (22) facing the bottom frame (2), and wherein said at least one actuator

(36) is displaceable between a first passive outer position and an active outer position

[[where]] by which the flange element (24) is displaced vertically.
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In the Specification:

Please replace the original specification and abstract with the substitute specification

and substitute abstract submitted herewith.
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. A substitute specification. NOTE: A substitute specification cannot include claims. See 37 CFR 1.125(b).
. A power of attorney and/or change of address letter.
. D A computer-readabie form of the sequence listing in accordance with PCT Rule 13fer.3 and 37 CFR 1.821-1.825.

. D Assignment papers (cover sheet and document(s)). Name of Assignee:

. [:I 37 CFR 3.73(c) Statement (when there is an Assignee).

This collection of information is required by 37 CFR 1.414 and 1.491-1.492. 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.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 15
minutes to complete, including gathering, preparing, and submitting the completed application 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: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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U.S. APPLN. No. (if known — see 37 CFR 1.5) INTERNATIONAL APPLICATION No.

ATTORNEY DOCKET No.

PCT/DK2015/000040 400517-20003
17. Other items or information:
Mark-up Specification
The following fees have been submitted. CALCULATIONS PTO USE ONLY
18. Basic national fee (37 CFR 1.492(8)) ....vvvvvevrererreresvereererssnsnrennnneneans $280 $ 280.00
19. - Examination fee (37 CFR 1.492(c))
” If the written opinion prepared by ISA/US or the international preliminary 720.00
examination report prepared by IPEA/US indicates all claims satisfy provisions of $
PCT Article 33(1)- (4) ettt reaererre vreneeireraries e e ee D0
All other situations .. .. .. $720
20. |y | Searchfee (37 CFR 1 492(b))
If the written opinion prepared by ISA/US or the international preliminary 480.00
examination report prepared by IPEA/US indicates all claims satisfy provisions of
PCT Article 33(1)-(4) .. . $0
Search fee (37 CFR 1 445(3)(2)) has been paid on the mternatlonal applvcatlon to $
the USPTO as an International Searching Authority ...............ccovennaees $120
International Search Report prepared by an ISA other than the US and provided to
the Office or prevnously communicated to the US by the IB ... $480
All other situations .. JE O ...$600
TOTALOF 18,19,and 20= | $ 1480.00
D Additional fee for specification and drawings filed in paper over 100 sheets
(excluding sequence listing in compliance with 37 CFR 1.821(c) or (&) in an 0
electronic medium or computer program listing in an electronic medium) (37 CFR
1.492())).
Fee for each additional 50 sheets of paper or fraction thereof ............... $400
Number of each addition 50 or fraction
Total Sheets | Extra Sheets thereof (round up to a whole number) RATE
20 -100 = /50 = 0 x $400
Surcharge of $140.00 for furnishing any of the search fee, examination fee, or the oath or $ 0
declaration after the date of commencement of the national stage (37 CFR 1.492(h)).
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total claims 12 -20= 0 x $80 $0
Independent claims |t -3= 0 x $420 50
MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $780 50
Processing fee of $140.00 for furnishing the English translation later than 30 months from the $0
earliest claimed priority date (37 CFR 1.492(i)). +
TOTAL OF ABOVE CALCULATIONS = | §1480.00
Applicant asserts small entity status. See 37 CFR 1.27. Fees above are reduced by %.
D Applicant certifies micro entity status. See 37 CFR 1.29. Fees above are reduced by %.
Applicant must attach form PTO/SB/15A or B or equivalent.
TOTAL NATIONAL FEE= | $740.00
Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be $0
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property. +
TOTAL FEES ENCLOSED = | $740.00
Amount to be $
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Amount to be $
charged:

[Page 2 of 3]

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS

| PR2026-00102
Page 219 of 349




PTO-1390 (06-13)
Approved for use through 6/30/2013. OMB 0651-0021
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 displays a valid OMB control number.

a

b.

o

- O
[

A check in the amount of $ to cover the above fees is enclosed.

Please charge my Deposit Account No. in the amount of § to cover the above fees.

The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit Account
No. 502478(400517-20003) as follows:

[:I any required fee.

D any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim fee
required under 37 CFR 1.492(f).

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038. The PT0-2038 should only be mailed or

faxed to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOT be faxed to the USPTO.

ADVISORY: If filing by EFS-Web, do NOT attach the PTO-2038 form as a PDF along with your EFS-Web submission. Please be
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect your
information, it is recommended to pay fees online by using the electronic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be
filed and granted to restore the International Application to pending status.

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

L

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 1: 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.

NOTE 2: A U.S. national stage application may not claim priority to the international application of which it is the national phase. The filing
date of a U.S. national stage application is the international filing date. See 35 U.S.C. 363.
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STATEMENT BY APPLICANT
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Figures Appear
1 ¥759815 B2 P010-07-20 Christensen
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document
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If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS Remove
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English Abstract
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NON-PATENT LITERATURE DOCUMENTS
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If you wish to add additional non-patent literature document citation information please click the Add button| Add
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1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
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Filing Date 2017-04-06

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Per E. Fenger

. Art Unit
( Not for submission under 37 CFR 1.9%)

Examiner Name

Aftorney Docket Number 400517-20003

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /david s safran/ Date (YYYY-MM-DD) 2017-04-06
Name/Print David S. Safran Registration Number 27,997

This collection of information is required by 37 CFR 1.97 and 1.98. 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.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application 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.
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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.

The information 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 U.5.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 record s.

A record 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.

A record 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.

A record 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 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record 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 Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record 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.

A record 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.5.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.

A record 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.
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ROLLER BEARING REPLACER OF MOTOR

Inventor(s): FUJIMOTO YOSHIMASA + (FUJIMOTO YOSHIMASA)

Applicant(s): HITACHI LTD * (HITACHI LTD)

Classification: - international:F716C35/06; F16C41/00; H02K15/00; HO2K15/14;
HO2K5/173; (IPC1-7): F16C35/06; H02K15/02
- cooperative: F16C35/062; F16C39/02; H02K15/0006;
F16C19/26; F16C2237/00; HO2K5/1732

Application JP19840175023 19840824
number:

Priority number JP19840175023 19840824
(s):

Abstract of JPS6154846 (A)

PURPOSE:To enable to replace a roller bearing in a short time withoug disassembling
the entirety by providing a lower half bearing cover capable of supporting a rotor
weight, lifting it by a jack, retaining the horizontal displacement of the rotor and
releasing the load of the bearing. CONSTITUTION:A body side lower haif bearing
cover 8 is formed to have a strength capable of supporting a rotor weight, in a structure
capable of lifting by a jack, a jack seat 15 is provided on the lower portion of a bearing
base, and formed in a structure for lifting the rotor through the cover 8 by the jack 16. A
rotor shaft is lifted by the jack at the roller bearing exchanging time, and the horizontal
displacement of the rotor shaft is suppressed by mounting shaft pushing fittings 17 and
shaft pushing bolt 18 at both sides, completely removing the load of the bearings, filling
push bolts in threaded holes 19, and pushing the outer race of the bearings to move it.
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Bibliographic data: EP1617075 (A1) — 2006-01-18

Method and apparatus for changing a gearbox of a wind turbine

Inventor(s): ALBERS HELMUT [DE]; AUST RAINER [DE]; BRUSINSKI
GUENTER [DE]; DOMBROWSKI WOLFHARD [DE]; NEUFELDER
MARC [DE]; SIKORA CARSTEN [DE] + (ALBERS, HELMUT, ;
AUST, RAINER, ; BRUSINSKI, GUENTER, ; DOMBROWSKI,
WOLFHARD, ; NEUFELDER, MARGC, ; SIKORA, CARSTEN)

Applicant(s): EICKHOFF MASCHINENFABRIK GMBH [DE] + (EICKHOFF
MASCHINENFABRIK GMBH)

Classification: - international:F03D71/00
- cooperative: F03D13/20; FO03D15/00; FO3D80/50; FO5B2230/604;
FO5B2230/70; F05B2260/30; YO2E10/728;

Y02P70/523
Application EP20040016387 20040713 Global Dossier
number:
Priority EP20040016387 20040713
number(s):

Also published EP1617075 (B1) PT1617075 (E) ES2320444 (T3)
as: DK1617075 (T3) AT417197 (T)

Abstract of EP1617075 (A1)

The method is for the changeout of a
fransmission (4) of a wind power plant.
The rotor shaft (5) during the transmission
changeout is supported on the machine
frame (2) so that during the changeout the
rotor remains on the rotor shaft. Support
is provided by a yoke (11) which directly
before the transmission changeout is
mounted between the rotor shaft and
machine frame and then removed again
after the changeout. Independent claims
are also included for the following: (A) a
device for the execution of maintenance work on the drive train of a wind power piant,
especially for the changeout of the transmission; (B) a yoke for support of the rotor of a
wind power plant during a transmission changeout; and (C) a use for a yoke which is to
support the rotor of a wind power plant during a transmission changeout.
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(21) Anmeldenummer: 04016387.5
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(84) Benannte Vertragsstaaten:
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Benannte Erstreckungsstaaten:
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(54) Verfahren und Vorrichtung zum Getriebetausch bei einer Windkraftanlage

(67)  Verfahren zum Austausch eines Getriebes (4)
einer Windkraftanlage, wobei die Windkraftaniage eine
Rotorwelle (5) umfasst, die einen Rotor (3) mit dem aus-
zutauschenden Getriebe (4) verbindet und die mittels ei-
nes rotorseitigen Rotorlagers (6) in einem Maschinen-
rahmen {2) drehbargelagertist, und wobei die Rotorwelle
(5) wahrend des Getriebetausches mittels einer getrie-
beseitigen Abstlitzung an dem Maschinenrahmen (2) ab-
gestitzt ist, so dass wahrend des Getriebetausches ein
Verblelben des Rotors (3) an der Rotorwelle (5) gestattet
ist. Der Erfindung liegt die Aufgabe zugrunde, ein derar-
tiges Verfahren dahingehend weiter zu bilden, dass es
sich auch auf solche Windkraftanlagen anwenden lésst,

deren Rotorwelle tellweise auch in dem Getriebe (4) ge-
lagert ist, wie beispielsweise bei Windkraftanlagen mit
Dreipunkt-Lagerung der Rotorwelle (5). Geldst wird die-
se Aufgabe dadurch, dass als Abstlitzung ein Joch (11)
verwendet wird, welches unmittelbar vor dem Getriebe-
tausch zwischen Rotorwelle (5) und Maschinenrahmen
(2) montiert und unmittelbar nach dem Getriebetausch
wieder entfernt wird. Mit dem offenbarten Verfahren ist
es miglich, bei den meisten bestehenden Windkraftan-
lagen einen Getriebetausch durchzuflihren, chne dabei
den Rotor (8) abnehmen zu milssen. Hierdurch werden
Kosten eingespart. Desweiteren wird ein Joch (11) vor-
gestellt, welches sich in besonderer Weise flir das vor-
geschlagene Verfahren eignet.
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Besch reibung

[0001] Die vorliegende Erfindung betrifft ein Verfahren
zum Austausch eines Getriebes einer Windkraftaniage,

bes unwirtschaftlich ist.

[0006] Soferndie Gondel der Windkraftaniage mitaus-
zutauschendem Getriebe so gestaitet ist, wie es die vor-
genannte Patentanmeldung vorschlégt, ist es dank des

wobei die Windkraftanlage eine Rotorwelle umfasst, die 5 fachwerkartigen Maschinenrahmens und des modularen
einen Rotor mit dem auszutauschenden Getriebe ver- Aufbau des Triebstangs ohne weiteres méglich, das ge-
bindet und die mittels eines rotorseitigen Rotorlagers in schédigte Getriebe auszutauschen. Allerdings ist die
einem Maschinenrahmen drehbar gelagertist, und wobei Mehrzahl derbestehenden undbesonders ausfallgefahr-
die Rotorwelle wahrend des Getriebetausches mittels ei- deten Windkraftaniagen nach einer anderen Lagerkon-
ner getriebeseitigen Abstiitzung an dem Maschinenrah- 70 zeption gebaut, n&mlich nach der so genannten Drei-
men abgestitzt ist, so dass wahrend des Getriebetau- punkt-Lagerung. Beider Dreipunkt-Lagerung wird auf ein
sches ein Verbleiben des Rotors an der Rotorwelle ge- hinteres, getriebeseitiges Rotorlagerverzichtet und statt-
stattet ist. dessen die Rotorwelle endseitig in dem Gehéuse des
[0002] Ferner betrifft die Erfindung ein Joch mit einem Getriebes gelagert. Das Getriebegeh&use ist wiederum
Bligel, der vorzugsweise mitiig eine Bucht aufweist. Die- 75 (iber zwei Getriebestitzen in dem Maschinenrahmen ge-
ses Joch eignet sich in besonderer Welse fr die Durch- lagert, die Getriebestlitzen sind beiderseits des Trieb-
fihrung des beschriebenen Verfahrens. strangs angeordnet. Da die Rotorwelle letztendlich in
[0003] [n der EP 1 101 936 A2 wird ein Verfahren zur dem vorderen, rotorseitigen Rotorlagerundin denbeiden
Montage und zum Austausch von Hauptkomponenten in seitlichen Getriebestiitzen gelagert ist, spricht man von
der Gondel einer Windkraftanlage offenbart. Seine 20 Dreipunki-Lagerung.
Durchfihrung setzt einerseits einen modularisierten [0007] Grundlegende Informationen zu unterschiedli-
Triebstang und anderseits die Ausfilhrung des Maschi- chen Lagerkonzepten flir die Rotorwelle einer Windkraft-
nenrahmens als eine bestimmte Fachwerkstruktur vor- anlage finden sich in: Hau, Erich. Windkraftanlagen:
aus. Die Hauptkomponenten, so auch das Getriebe, sind Grundiagen, Technik, Einsatz, Wirtschaftlichkeit, Berlin,
einzeln an unteren Langstréagern der Fachwerkstruktur 25 u. a., 8, Auflage 2003, Seiten 277 bis 288. Ein Triebstrang
befestigt. Auf den oberen Traversen des Fachwerks ist einer Windkraftanlage mit Dreipunkt-Lagerung ist auch
eine Laufkatze platziert, mittels welcher die Komponen- in der Figur 1 der EP 1101 936 A2 als Stand der Technik
ten des Triebstranges einzeln herab oder empor geho- dargestellt.
ben werden kénnen. Vorteilhafterweise entfélit durch die [0008] Einer Windkraftanlage mit Dreipunkt-Lagerung
Verwendung der Laufkatze die Anmietung eines exter- 30 kann das Getriebe nicht ohne weiteres entnommen wer-
nen Mobilkranes, wenn das Getriebe bei der in der EP 1 den: Da mit dem Getriebe die hintere Abstiitzung der
101 936 A2 beschriebenen Windkraftanlage ausge- Rotorwelle zwangslaufig entfernt wird, wére diese nur
tauscht werden muss. noch in dem vorderen Rotorlager gelagert, Das vordere
[0004] Auch ist bei dieser Windkraftanlage wahrend Rotorlager kénnte das aus dem hohen Gewicht des Ro-
des Getriebetausches ein Verbleiben des Rotors aufder 35  tors resultierende Moment nicht haiten, was ein Ausbre-
Rotorwelle gestattet. Letztere ist n&mlich an zwel Punk- chen des Rotorlagers und ungiinstigenfalls ein Herab-
ten gelagert, rotorseitig in einem vorderen Rotorlagerund stiirzen des Rotors zur Folge hétte. Aus diesem Grunde
getriebeseltig in einem hinteren Rotorlager. Das hintere muss bei Windkraftanlagen mit Dreipunkt-Lagerung zu-
Rotorlager nimmt das Moment auf, welches aus der Ge- ndchst der Rotor von der Rotorwelle entfernt und an-
wichtskraft des Rotors und der Stitzweite der Rotorwelle 40 schlieBend das Getriebe ausgetauscht werden. Auch bel
resultiert. So fungiert das hintere Rotorlager als Abstiit- der Erstmontage einer Windkraftanlage mit Drei-
zung, weswegen wihrend eines Getriebetausches der punkt-Lagerung wird der Rotor nach dem Getriebe mon-
Rotor an der Rotorwelie verbleiben kann, ohne dass das tiert.
vordere Rotorlager ausbricht. Eine solche Situation istin [0009] Das Abnehmen des Rotors st stets mit beson-
Figur 4 der vorgenannten Patentanmeldung gezeigt. 45 deren Schwierigkeiten und hohen Kosten verbunden.
[0005] Injingster Zeitwerden mit auffélliger Haufigkeit Hierflir sind namlich zwei Mobilkréne erforderlich, von
Schéden an Windkraftanlagen bekannt, die mdglicher- denen der eine die abgeschlagene Nabe anhebt und der
weise auf Unsicherheiten in der Dimenslonierung und andere den Rotor In eine horizontale Position um-
der Betriebsflihrung zuriickzufihren sind. Die Schéden schwenkt, damit er auf dem Boden abgelegt werden
betreffen unter anderem die Getriebe, die als Kemnstlick 50  kann. Sofern lediglich ein Mobilkran zur Verfligung steht,
des Triebstrangs zwischen Rotor und Generator einge- miissten die Rotorbl&tter nacheinandervon der Nabe ab-
spannt und damit allseits negativen Einflissen ausge- gelést und einzeln herabgelassen werden. Erst danach
setzt sind. Die Konsequenz sind vorzeitige Ermiidung kann die Nabe entfernt werden. Angesichts der groB3en
oder gar Totalausfall einzelner Komponenten der Getrie- Zahlvon Dreipunkt-gelagerten Windkraftanlagen, bei de-
be wie insbesondere Rader und Lager. Bel besonders 55 nen aufgrund von vorzeitigem Verschlei3 ein Getriebe-
schweren Schadensfallen muss das gesamte Getriebe tausch notwendig ist, erscheinen die vorbeschriebenen
der Windkraftanlage ausgetauscht werden, da der Aus- Verfahren zum Austausch des Getriebes als unwirt-
tausch einzelnerbeschédigter Komponenten des Getrie- schaftlich.
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[0010] Dervorliegenden Erfindung liegt daher die Auf-
gabe zugrunde, ein Verfahren zum Austausch des Ge-
triebes einer Windkraftanlage nach der eingangs ge-
nannten Art so weiterzubilden, dass es auch auf beste-

und Schelle und Bligel miteinander verbinden. Die tan-
gentiale Anordnung der Gewindestangen flihrt zu einer
gleichméBigen Kraftverteilung am Umfang der Rotorwel-
le. Die Verbindung zwischen den Gewindestangen und

hende Windkraftanlagen mit beliebiger Ausfihrungdes 5 dem Bligel bzw. der Schelle erfolgt einfachstenfalls mit-
Maschinenrahmens und beliebiger Lagerkonzeption an- tels Muttergewinde, in welche die Gewindestangen ein-
wendbar ist. geschraubt werden. Das Muttergewinde kann jewelils in
[0011] Geldst wird diese Aufgabe dadurch, dass als das Joch oder die Schelle als Gewindebohrung einge-
Abstitzung ein Joch verwendet wird, welches unmittel- schnitten sein oder einfacher in Form einer Mutter vor-
bar vor dem Getriebetausch zwischen Rotorwelle und 10 gesehen werden. Anstelle von Gewindestangen kénnen
Maschinenrahmen montiert und unmittelbar nach dem gegebenenfalls auch lange Schrauben verwendet wer-
Getriebetausch wieder entfernt wird. den. Dessen Képfe wilirden dann auf einer Seite das Mut-
[0012] Inderebengeschilderten Weise ist es erstmalig tergewinde ersetzen.

mabglich, das beschédigte Getrlebe einer Windkraftania- [0017] Um sicher zu gehen, dass die Rotorwelle durch
ge auszutauschen, deren Rotorwelle zumindest teilwei- 15 das Einspannen nicht beschédigt wird, soliten Buchtund
se im Gehduse des Getriebes gelagert ist, ohne auf das Schelle an ihren Innenseiten mit einem Polsterbelag be-
Abnehmen des Rotors angewiesen zu sein. Die Kosten legt werden. Oberflachliche Beschédigungen Uben vor
fir die Demontage des beschédigten Getriebes und die allem auf Wellen eine erhebliche Kerbwirkung aus, die
Remontage des Austausch-Getriebes kdnnen durch das wie Rotorwellen wechseinder Torsionsbelastung ausge-
vorgeschlagene Verfahren nach ersten Schétzungenum 20 setzt sind.

bis zu 40% gesenkt werden. [0018] Als Polsterbelag verwendet man glinstigenfalls
[0013] Insbesondere eignet sich das Verfahren flir eine Kunststoffschicht, vorzugsweise aus Polyamid. Die-
Windkraftanlagen mit Dreipunkt-Lagerung, also dem La- ser Kunststoff ist recht preisglinstig und kann gut verar-
gerkonzept, bei welchem die Rotorwelle ausschlie3lich beitet werden. Zudem ist er im Vergleich zu Stahl in ei-
in dem vorderen, rotorseitigen Rotorlager unddembeid- 25 nem hohen MaBe verformbar, so dass er MaRabwei-
seitig abgestiitzten Getriebe drehbar gelagert ist. chungen und Ausrichtungsfehler ausgleichen kann.
[0014] ZweckmiBig wird das Verfahren dadurch wei- [0019] Zur einfachen und schnellen Montage des
ter gebildet, dass die Rotorwelle an dem Joch festgesetzt Jochs wird vorgeschlagen, den Bligel jeweils endseltig
wird. Das Festsetzen erfolgt bevorzugt durch eine Schel- mit einem FuB zu versehen, der jeweils eine nach unten
le und verhindert, dass der Rotor eine Aufwéris-Nickbe- 30 gewandte Sohle aufweist. An diesen Sohlen ist jeweils
wegung ausfiihren und in Folge dessen die Rotorwelle ein Klemmschuh festzuschrauben, der seinerseits an
aus dem Joch rutschen kann. Ebenso kann durch diese dem Maschinenrahmen befestigt wird. Zur Montage des
MaBnahme eine zusétzliche Sicherung gegen Verdre- Jochs werden zuné&chst die beiden Klemmschuhe bei-
hen der Rotorwelle ermiglicht werden. Es muss namlich derseits der Rotorwelle an dem Maschinenrahmen be-
sichergestelit sein, dass sichderRotorwéhrendderMon- 35 festigt und anschlieBend der Bilgel von oben (iber die
tagearbeiten nicht dreht. Dies wird in der Regel durch Welle auf die Klemmschuhe herabgesenkt. Nach Ver-
Einrasten der Rotorarretierung erreicht, mit welchen die schrauben der Sohlen mit den Klemmschuhen sitzt der
meisten Windkraftanlagen ausgeriistet sind. Es ist je- Biigelfest, so dass nur noch die Schelle montiert werden
doch nicht auszuschlieBen, dass die Rotorarretierung muss.

versagt, in diesem Fall kann eine zusétzliche Sicherheit 40 [0020] DerKlemmschuh nimmt eine "Adapterfunktion®™
durch die drehfeste Verbindung zwischen Rotorwelle wahr, um das Joch auf unterschiedliche Maschinenrah-
und Joch erreicht werden. men anpassen zu kdnnen. Die Gestaltung des Kiemm-
[0015] Ein Joch, welches vorzliglich fiir die Durchfiih- schuhs wird somit durch die Geometrie des Maschinen-
rung des erfindungsgeméBen Verfahrens taugt, aber rahmens bestimmt. Viele Maschinenrahmen sind aus
auch im Rahmen von anderen Wartungsarbeitenandem 45 verschweiBten Stahiplatten zusammengesetzt, diean ih-
Triebstrang einer Windkraftanlage sinsetzen l&sst, um- ren StoBstellen Uberstehen. Auch gegossene Maschi-
fasst eine Schelle, die zweckméBigerweise (iber Gewin- nenrahmen weisen solche Ubersténde auf. Zum Anbin-
destangen mit dem Blgel verbindbar ist, so dass eine den des Jochs am Maschinenrahmen mit Uberstanden
Rotorwelle zwischen Bucht und Schelle eingelegt und empfiehlt es sich, den Klernmschuh U-férmig auszubil-
durch Anziehen der Gewindestangen zwischen diesen 50 den, so dass er zwei Schenkel aufweist, zwischen denen
Bauteilen festklemmbar ist. ein Bestandteil eines Maschinenrahmens, wie beispiels-
[0016] Zur Gestaltung des Jochs wird vorgeschlagen, weise eine Uberstehende Stahlplatie, festklemmbar ist.
Bucht und Schelle zumindest abschnittsweise entlang [0021] Alternativ zu U-férmigen Klemmschuhen kén-
der Peripherie eines gedachten Kreises verlaufen zu las- nen auch T-fodrmige Klemmschuhe eingesetzt werden.
sen. Der gedachte Kreis entspricht dabei dem Quer- 55 Vor allem an gegossenen Maschinenrahmen mit Ober-

schnitt der in der Regel runden Rotorweile, Es wird weiter
angeregt, zwei Gewindestangen vorzusehen, die sich je-
wells tangential zu der Peripherie des Kreises erstrecken

und Untergurt lassen sich T-férmige Klemmschuhe vor-
ziiglich zwischen den Gurten anbringen.
[0022] Derwesentliche Vortell in der Verwendung der
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Kiemmschuhe besteht darin, dass der Maschinenrah-
men keine zusétzliche mechanische Bearbeitung auf-
weisen muss, um das Joch befestigen zu kénnen. Es ist
namlich davon auszugehen, dass solche speziellen Be-

nicht dargestellten Generator, Der Rotor ist in Figur 1
nicht komplett dargestelit, er umfasst neben der Rotorn-
abe 3a drei Rotorblatter, die an der Rotornabe 3a befe-
stigt sind und sich radial von ihr fort erstrecken.

arbeitungen in der Regel nicht an dem Maschinenrah- 5 [0029] Kemnstiick des Triebstrangs 1 ist ein Getriebe
men vorhanden sind. 4, welches Uber eine Rotorwelle 5 mit der Rotornabe 3a
[0023] Das Festklemmen des Klemmschuhs an dem verbunden ist. Die Rotorwelle § ist rotorseitig in einem
Maschinenrahmen geschieht einfachstenfalls mit einer Rotorlager 6 gelagert. Getriebeseiltig ist die Rotorwelle 5
Befestigungsschraube. in dem Geh&use des Getriebes 4 drehbar gelagert, wel-
[0024] Vorteilhafterweise wird das Joch mit einer H6- 10 ches wiederum (iber zwei Getriebestlitzen 7a, 7b im Ma-
heneinstellung versehen. Eine Hoheneinsteliung ist bei schinenrahmen 2 gelagert ist. Rotorlager 6 und die bei-
einigen Anlagen notwendig, um zum einen die méglichen den Getriebestltzen 7a, 7b bilden zusammen die Drei-
Abweichungen des Maschinenrahmens zur Rotorwel- punkt-Lagerung. Eine Generatorwelle 8 verlésst das Ge-
lenachse auszugleichen, zum anderen aber auch den triebe 4 abtriebseitig und ist markiert den Beginn des
Triebstrang anheben zu kbnnen, um eine unter Umstéin- 15 "schnellen” Abschnitts des Triebstangs 1, der sich zwi-
den notwendige Montagefreiheit zu erzielen. schen Getriebe 4 und Generator erstreckt.
[0025] Zur Hohenverstellung eignet sich vorzugswei- [0030] In Figur 2a ist derselbe Triebstrang 1 symbo-
se eine Keilanordnung. Eine solche umfasst eine schiefe lisch dargestellt. Hierbei wurde auf die Symbolisierung
Ebene, die in den sohlenseitigen Schenkel des Klemm- der Rotornabe verzichtet, an Stelle dessen sind Rotor-
schuhs eingearbeitet ist, einen Keil, der einerseits ander 20 blétter des Rotors 3 direkt auf der Rotorwelle 5 befestigt
Sohle des Bligels und andererseits an der schiefen Ebe- angedeutet, Die Getriebestiitzen 7a, 7b sind vereinfa-
ne anliegt und ein Bolzen, mittels welchem der Keil zwi- chend als eine einheitliche Getriebestiltze 7 dargestelit.
schen den von Sohle und schiefer Ebene begrenzten Der Aufbruch im Getriebe 4 lasst erkennen, dass die Ro-
Raum eintreibbar ist. Das Eintreiben des Keils wird am torwelle 5 in einem Planetentriager 9 des Getriebes min-
besten durch einen (Gewinde-)Bolzen bewerkstelligt, der 25 det. Der Planetentréiger 9 ist das Antriebsglied des Ge-
durch Anziehen den Keil entlang der schiefen Ebene ge- triebes 4 und seinerseits in einem Planetentrageriager
gen die Sohle treibt. 10 im Gehause des Getriebes 4 gelagert. Die getriebe-
[0026] Die H&henverstellung erfolgt gleichméaRiger mit seitige Lagerung der Rotorwelle 5 ergibt sich folglich aus
Hilfe von zwei Keilen, die auf zwei gegeneinander an- dem Planetentrdger 9, dem Planetentrégerlager 10, dem
steigenden, schiefen Ebenen aufeinander zugetrieben 30 Geh#use des Getriebes 4 und der Getriebestiitze 7. Bei
werden. Bei der Héhenverstellung mittels Kellen entsteht konkreten Windkraftanlagen sind Rotorwelle 5 und Pila-
eln Spalt zwischen Sohle und Klemmschuh; das Gewicht netentrdger 9 liber eine in den symbolischen Zeichnun-
des Bligels lastet einzig auf den Keilen. Damit die zulés- gen nicht dargestelite Spannscheibe, auch Schrumpf-
sige Flachenpressungen des Keil und der Sohie beim scheibe genannt, ldsbar miteinander verbunden.
Festschrauben des Klemmschuhs nicht Uberschritten 35 [0031] Bevor das Getriebe 4 ausgetauscht werden
werden, sollte der Spalt mit Futterblechen aufgefiillt wer- kann, wird ein Joch 11 zwischen Rotorwelle 5 und Ma-
den. schinenrahmen 2 eingesetzt; vgl. Figur 2b. Das Joch 11
[0027] Das erfindungsgemé&Be Verfahren sowie ein umfasst unter anderem einen Blgel 12, eine Schelle 13
Ausflhrungsbeispiel des fiir das Verfahren bevorzugt zu und einen Klemmschuh 14, der an einem FuB 15 des
verwendende Joch soll nun beschrieben und mitden Fi- 40 Jochs 11 festgesetzt Ist. Die Rotorwelle 5 wird zwischen
gurenzeichnungen illustriert werden. Es zeigen: Biigel 12 und Schelle 13 festgesetzt, der Klemmschuh
14 an dem Maschinenrahmen 2 befestigt. Das Joch 11
Fig. 1: Triebstrang einer Windkraftanlage mit wird in der folgenden Reihenfolge montiert: Klemmschu-
Dreipunkt-Lagerungin perspektivischer he 14 an dem Maschinenrahmen 2, Bligel 12 auf den
Ansicht (Stand der Technik); 45 Klemmschuhen 14, Schelle 18 an dem Bligel 12.
[0032] Nach Montage des Jochs 11 (Figur 2b) wird der
Fig. 2abis e:  Getriebetausch, symbolisch darge- nicht dargestelite "schnelle™ Abschnitt des Triebstranges
stellt; jenseits der Generatorwelle 8 abgeschlagen. Dann wird
die nicht symbolisierte Spannscheibe zwischen Rotor-
Fig. 3: Joch; 50 welie & und Planetentrager 9 sowie die Getriebestiitze 7
zwischen dem Gehéuse des Getriebes 4 und dem Ma-
Fig. 4: Triebstrang aus Figur 1 mit Joch. schinenrahmen 2 geldst. Alsdann wird das Getriebe 4
mit einem Kran aus der Windkraftanlage entnommen, s.
[0028] Figur 1 zeigt den "langsamen® Abschnitt des hierzu Figur 2c. Das Moment M, welches der Rotor 3 in
Triebstrangs einer typischen Windkraftanlage der 1.5 55 Folge der Gravitation g auf die Rotorwelle 5 austibt, wird

MW-Klasse mit Dreipunkt-Lagerung. Der Triebstrang 1
ist in einem Maschinenrahmen 2 drehbar gelagert und
erstreckt sich von einer Rotornabe 3a bis zu einem hier

Uber das Joch 11 auf den Maschinenrahmen 2 abge-
sttzt. Somit wird verhindert, dass die Rotorwelle 5 aus
dem Rotorlager 6 ausbricht. Da Biigel 12 und Schelie 13
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die Rotorwelle 5 allseitig umschlieBen, werden auch Mo-
mente N Uber das Joch 11 in dem Maschinenrahmen 2
eingeleitet, die aus einer aufwirts gerichteten Nickbewe-
gung des Rotors 3 resultieren. Darlber hinaus unter-

bestimmt sind, einen Uberstand-artigen Bestandteil 25
des Maschinenrahmens 2 zu umschlieBen und ihn {iber
Befestigungsschrauben 26 einzuklernmen.

[0036] Zur Hohenverstellung des Biigels 12 sind in
dem sohlenseitigen Schenkel 24a des Klemmschuhs 14
zwei schiefe Ebenen 278, 27b eingearbeitet, die aufein-
ander zu ansteigen. Zusammen mit den Innenflachen

stiitzt das Joch 11 mittels Bligel 12 und Schelle 13 eine 5 des sohlenseitigen Schenkels 24a und der Sohle 22 be-
nicht dargestelite Rotorarretierung, so dass der Rotor 3 grenzen die schiefen Ebenen 27a, 27b einen Raum 28,
nicht ungewollt drehen kann. In diesen Raum 28 kdnnen durch Anziehen eines Bol-
[0033] In Figur 2d wurde eln Austausch-Getriebe 16 zens 30 Keile 29a, 29b eingetrieben werden. Damit die
im Triebstrang 1 eingesetzt. Dieses wird wiederum Uber belden Keile 29a, 29b entlang der schiefen Ebenen 27a,
die Spannscheibe mit der Rotorwelle § und (ber die Ge- 10 27baufeinanderzubewegt werden kdnnen, istderinnere
triebestdtzen 7 mit dem Maschinenrahmen 2 verbunden. Keil 29b mit einem Gewinde versehen, in welchem ein
Nach erfolgter Montage des Austauschgetriebes 16 kann Gewinde des Bolzens 30 eingeschraubt ist. Der &uBere
das Joch 11 - wie in Figur 2e gezeigt - entfernt werden. Keil 29a hingegen verflgt (iber eine gewindefreie Durch-
Die Generatorwelle 8 wird wieder an den "schnellen” Ab- gangsbohrung, durch welche der Schaft des Bolzens 30
schnitt des Triebstranges 1 angeschlossen. 15 hindurchgesteckt ist.

[0034] Figur 3 zeigt eine bevorzugte Ausflihrungsform [0037] Beim Anziehen des Bolzens 30 bewegen sich
des Jochs 11. Hauptbestandteil des Jochs 11 ist sein die Keile 29a und 29b aufeinander zu und heben iber
Blge! 12. Der Blgel 12 ist als verrippte SchweiBkon- den Biigel 12 und die Schelle 13 die Rotorwelle 5 an. Die
struktion aus Stahiplatten ausgefiihrt. Mittig weist er eine Hohenverstellung wird durch einen Vorsprung 31 be-
halbkreisfémmige Bucht 17 auf, deren Innenseite aus 20 grenzt, an den die Keile 29a, 29b letztendlich anschla-
halbzylindrischen Rohrabschnitt besteht. Konzentrisch gen. Nach erfolgter Héheneinstelflung werden Futterble-
zu der Innenseite der Bucht 17 verlduft die Innenseite che 32 zwischen Sohle 22 und Oberseite des Klemm-
der Schelle 13, welche tiber Gewindestangen 18 mitdem schuhs 14 eingelegt. Durch Festziehen der Schrauben
Bligel 12 verbunden ist. Die Innenseiten der Bucht 17 23 wird der Blige! 12 fest mit dem Klemmschuh 14 ver-
und der Schelle 13 verlaufen somit abschnittsweise ent- 25 bunden.

lang der Peripherie eines gedachten Kreises 19, welcher [0038] Es ist auch maglich, auf den inneren Keil 28b
den Querschnitt der Rotorwelle 5 beschreibt. Die Gewin- zu verzichten und den Bolzen 30 stattdessen in ein Ge-
destangen 18 erstrecken sich tangential zu diesem Kreis winde einzuschrauben, welches sich durch den Vor-
19. Beidseitig sind sie durch Durchgangslécherin Schel- sprung 31 erstrecken miisste. Der einfach wirkende Keil
le 13 und Bigel 12 hindurchgesteckt und in Mutterge- 30 28a wiirde eine entsprechend héheres Anzugsmoment
winde 20 eingeschraubt. Selbstversténdlich Ist es auch fir den Bolzen 30 erfordern. Ebenso ist es denkbar, an
moglich, an Stelle einer Gewindestange eine lange Stelle eines U-férmigen Klemmschuhs 14 eine andere
Schraube zu verwenden, die dementsprechend nur ein- Ausfiihrungsform, wie zum Beisple! eine T-férmige zu
seitig in ein Muttergewinde eingeschraubt wird und an wéhlen, die an die Geometrie des Maschinenrahmens 2
der anderen Seite mit ihrem Kopf an dem dort befindli- 35 angepasst ist.

chen Bautell anliegt. Durch Anziehen der Muttergewinde [0039] Figur 4 zeigt den aus Figur 1 bekannten Ab-
20 kann eine zwischen Bucht 17 und Schelle 13 einge- schnitt des Triebstrangs 1 einer Windkraftanlage mit
legte Rotarwelle in dem Joch 11 festgeklemmt werden. montiertem Joch 11 in der soeben dargestellten Ausfiih-
Sofern die Gewindestangen 18 wie in dem vorgestellien rungsform. Bisher unerwéhnt bleib die hier gezeichnete
Ausflhrungsbeisplel nicht einseitiy gelenkig gelagert <0 Spannscheibe 33, welche die Rotorwelle 5 lbsbar mit
sind, werden sich diese beim Anziehen entsprechend dem Planetentrager 9 verbindet.

verformen. Damit die Rotorwelle beim Festsetzen nicht [0040] Das Joch 11 wird wie folgt montiert: Zun&chst
an ihren Oberfidchen durch metallischen Kontakt mit werden die Klemmschuhe 14 auf dem jeweiligen Be-
Schelle 13 oder Bucht 17 beschadigt wird, werden deren standtell des Maschinenrahmens aufgeschoben und
Innenseiten mit einem Polsterbelag 21 aus Polyamid <45 durch Anziehen der Befestigungsschrauben 26 auf dem
oder einem anderen geeigneten Kunststoff verkleidet. Maschinenrahmen festgesetzi. AnschiieBend wird der
Das Polyamid gleicht auch mégliche belastungsbedingte Bligel 12 auf die Rotorwelle 5 herabgelassen, so dass
Forménderungen der Schelle 13 aus, ermitden Sohlen 22 auf den Kiemmschuhen 14 zu liegen
[0035] Jeweils endseitig weist der Bligel 12 einen als kommt. Beim Einschwenken des Bligels 12 helfen Kra-
FuB 15 zu bezeichnenden Bereich auf, an deren Unter- 50 ndsen 34. Alsdann wird unterhalb der Rotorwelle § die
seiten sich jewells eine Sohle 22 erstreckt. Mittels Schelle 13 angesetzt und ber die Gewindestangen 18
Schrauben 23 kann ein in diesem Ausflihrungsbeispiel mit dem Blgel 12 verbunden. Danach wird Uber das An-
U-férmig gestalteter Klemmschuh 14 an der Sohle 22 zlehen des Bolzens 30 die Hoheneinstellung vorgenom-
befestigt werden. Der Klemmschuh 14 weist aufgrund men und der dabei entstehende Spait zwischen Sohle
seiner U-Form zwei Schenkel 24a, 24b auf, die daflr 55 22undKlemmschuh 14 mitden Futterblechen 32 verfllit.

Nach Einlegen der Fuiterbleche 32 wird durch Festzie-
hen der Schrauben 23 der Biigel 12 an seinen FiiBen 15
mit den Klemmschuhen 14 fest verbunden. Das Joch 11
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ist nun komplett montiert und kann die sonst liber die 6. Joch (11) nach einem der Anspriiche 4 bis 5, da-
Getriebestlitzen 7a, 7b an den Maschinenrahmen 2 wei- durch gekennzeichnet, dass die Bucht (17) und
tergegebenen Gewichtsmomente des Rotors abstitzen. die Schelle (13) an ihren Innenseiten mit einem Pol-
Das Joch 11 macht es méglich, das Getriebe 4 komplett sterbelag (21) belegt sind.
zu entfernen, ohne zuvor die Rotornabe 3a abnehmen 5
zu milssen. Nach Montage des Austausch-Getriebes 16 7. Joch(11) nach Anspruch 6, dadurch gekennzeich-
wird das Joch 11 wieder entfernt. net, dass es sich bei dem Polsterbelag (21) um eine
Kunststoffschicht, insbesondere aus Polyamid han-
delt.
Patentanspriiche 10
8. Joch (11) nach einem der Anspriiche 4 bis 7, da-
1. Verfahren zum Austausch elnes Getriebes (4) einer durch gekennzeichnet, dass der Bligel (12) end-
Windkraftanlage, wobei die Windkraftanlage eine seitig jeweils einen FuB (15) mit einer nach unten
Rotorwelle (5) umfasst, die einen Rotor (3) mit dem gewandten Sohle (22) aufweist, an welcher ein
auszutauschenden Getriebe (4) verbindet und die 15 Klemmschuh (14) festschraubbar ist.
mittels eines rotorseitigen Rotorlagers (6) in einem
Maschinenrahmen (2) drehbar gelagert ist, und wo- 9. Joch(11) nach Anspruch 8, dadurch gekennzeich-
bei die Rotorwelle (5) wahrend des Getriebetau- net, dass der Klemmschuh (14) U-férmig ausgebil-
sches mittels einer getriebeseitigen Abstiitzung an detist und mithin zwei Schenkel (24a, 24b) aufweist,
dem Maschinenrahmen (2) abgest(tzt ist, so dass 20 zwischen denen ein Bestandteil (25) eines Maschi-
withrend des Getriebetausches ein Verbleiben des nenrahmens (2) festklemmbar ist.
Rotors (3) an der Rotorwelle (5) gestattet ist, da-
durch gekennzeichnet, dass es sich bei der Ab- 10. Joch (11) nach Anspruch 8, dadurch gekennzeich-
stiitzung um ein Joch (11) handelt, welches unmit- net, dass der Klemmschuh (14) T-férmig ausgebil-
telbar vor dem Getriebetausch zwischen Rotorwelle 25 det ist.
(5) und Maschinenrahmen (2) montiert und unmit-
telbar nach dem Getriebetausch wieder entfernt 11. Joch (11) nach einem der Anspriiche 8 bis 10, da-
wird. durch gekennzeichnet, dass der Klemmschuh
(14) eine Befestigungsschraube (26) aufweist, mit-
2. Verfahren nach Anspruch 1, wobei die Rotorwelle 30 tels welcher der Kiemmschuh (14) an dem Maschi-
(5) der Windkraftanlage ausschlieBlich in dem Ro- nenrahmen (2) festklemmbar ist.
torlager {6) und in dem Getriebe (4) drehbar gelagert
ist. 12. Joch (11) nach einem der Anspriiche 4 bis 11, ge-
kennzeichnet durch eine Héhenverstellung.
3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 35
kennzelchnet, dass die Rotorwelle () an demJoch 13. Joch (11) nach Anspruch 12, dadurch gekenn-
(11) festgesetzt wird. zeichnet, dass als Hohenversteliung in einem soh-
lenseitigen Schenkel (24a) des Klemmschuhs (14)
4. Joch (11) mit einem Biigel (12), der vorzugsweise mindestens eine schiefe Ebene (27a) eingearbeitet
mittig eine Bucht (17) aufweist, gekennzeichnet 40 ist, dass der Klemmschuh (14) einen Kell (29a) um-
durch eine Schelle (13), die mittels Gewindestan- fasst, der einerseits an der Sohle (22) und anderer-
gen (18) mit dem Bligel (12) verbindbar ist, derge- seits an der schiefen Ebene (27a) anliegt, und dass
stalt, dass eine zwischen Bucht (17) und Schelle (13) der Keil (29a) mittels eines Bolzens (30) in einenvon
befindliche Rotorwelle (5) durch Anziehen der Ge- Sohle (22) und schiefer Ebene (27a) begrenzten
windestangen (18) zwischen Bucht (17) und Schelle 45 Raum (28) eintreibbar ist.
(13) festklemmbar ist.
14. Joch (11) nach Anspruch 13, dadurch gekenn-
5. Joch (11) nach Anspruch 4, dadurch gekennzeich- zeichnet, dass der Klemmschuh (14) zwel schiefe
net, dass das Joch (11) mindestens zwei Gewinde- Ebenen (27a, 27b) und zwel Keile (283, 29) umfasst,
stangen (18) umfasst, wobei jede Gewindestange 59 wobei die Keile (29a, 29b) durch Anziehen des Bol-
(18) einerseits in ein am Bilge! (12) angeordnetes zens (30) aufeinander zu treibbar sind.
Muttergewinde (20) und andererseits in ein an der
Schelle (13) angeordnetes Muttergewinde (20) ein- 15. Joch (11) nach Anspruch 13 oder 14, gekennzeich-
schraubbar ist, und wobei sich jede Gewindestange net durch mindestens ein Futterblech (32), welches
(18) tangential zu einem Kreis (19) erstreckt, dessen 55 in einen Spalt zwischen Sohle (22) und Klemmschuh
Peripherie zumindest abschnittsweise entlang der (14) einlegbar ist, der bei HOhenverstellung des
Bucht (17) und entlang der Schelle (13) verlduft. Jochs (11) entsteht.
& Liftwerx Ex. 1006
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16. Verwendung eines Jochs (11) nach einem der An-

spriiche 4 bis 15 in einem Verfahren nach einem der
Anspriiche 1 bis 3.

um eine Kunststoffschicht, insbesondere aus Poly-
amid handeft.

6. Joch (11) nach einem der Anspriiche 2 bis 5, da-

5 durch gekennzeichnet, dass der Bligel (12) end-
Geé:'l_nderte Patentanspriiche geméss Regel 86(2) seitig jeweils einen Fuf3 (15) mit einer nach unten
EPU. gewandten Sohle (22) aufweist, an welcher ein
Klemmschuh (14) festschraubbar ist.

1. Verfahren zum Austausch eines Getriebes (4) el-

ner Windkraftanlage, wobei die Windkraftanlage ei- 70 7. Joch {11) nach Anspruch 6, dadurch gekenn-

ne Rotorwelle (5) umfasst, die einen Rotor (3) mit zeichnet, dass der Klemmschuh (14) U-férmig aus-

dem auszutauschenden Getriebe (4) verbindet und gebildet Ist und mithin zwei Schenkel (24a, 24b) auf-

die mittels eines rotorseitigen Rotorlagers (6) in ei- weist, zwischen denen ein Bestandteil (25) eines

nem Maschinenrahmen (2) drehbar gelagertist, und Maschinenrahmens (2) festklemmbar ist.

wobei die Rotorwelle (5) wahrend des Getriebetau- 15

sches mittels einer getriebeseitigen Abstlitzung an 8. Joch (11) nach Anspruch 6, dadurch gekenn-

dem Maschinenrahmen (2) abgestitzt ist, so dass zeichnet, dass der Klemmschuh {14) T-férmig aus-

wéhrend des Getriebetausches ein Verbleiben des gebildet ist.

Rotors (3) an der Rotorwelle (5) gestatiet ist, da-

durch gekennzeichnet, dass es sich bel der Ab- 20 9. Joch (11) nach einem der Anspriiche 6 bis 8, da-

stiitzung um ein Joch (11) handelt, welches unmit- durch gekennzeichnet, dass der Klemmschuh

telbar vor dem Getriebetausch zwischen Rotorwelle (14) eine Befestigungsschraube (26) aufweist, mit-

(5) und Maschinenrahmen (2) montiert und unmit- tels welcher der Klemmschuh (14) an dem Maschi-

teibar nach dem Getriebetausch wieder entfernt nenrahmen (2) festklemmbar ist.

wird, und dass die Rotorwelle (5) an dem Joch (11) 25

festgesetzt wird. 10. Joch (11) nach einem der Anspriiche 2 bis 9,

gekennzeichnet durch eine Héhenverstellung.

2. Vorrichtung zur Durchfihrung von Wartungsar-

beiten an dem Triebstrang einer Windkraftanlage, 11. Joch (11) nach Anspruch 10, dadurch gekenn-

insbesondere zum Austausch des Getriebes der 30 zeichnet, dass als Héhenverstellung in einem soh-

Windkraftanlage, genannt Joch (11), mit einem Bi- lenseitigen Schenkel (24a) des Klemmschuhs (14)

gel (12), dervorzugsweise mittig eine Bucht (17) auf- mindestens eine schiefe Ebene (27a) eingearbeitet

weist, und mit einer Schelle (13), die mittels Gewin- ist, dass der Klemmschuh (14) einen Keil (29a) um-

destangen (18) mit dem Bligel (12) verbindbar ist, fasst, der einerseits an der Sohle (22) und anderer-

dergestalt, dass eine zwischen Bucht (17) und 35 seits an der schiefen Ebene (27a) anliegt, und dass

Schelle (13) befindliche Rotorwelle (5) durch Anzie- der Keil (29a) mittels eines Bolzens (30) In einenvon

hen der Gewindestangen (18) zwischen Bucht (17) Sohle (22) und schiefer Ebene (27a) begrenzien

und Schelle (13) festklemmbar ist. Raum (28) eintrelbbar ist.

3. Joch (11) nach Anspruch 2, dadurch gekenn- 40 12. Joch {11) nach Anspruch 11, dadurch gekenn-

zeichnet, dass das Joch (11) mindestens zwei Ge- zeichnet, dass der Klemmschuh (14) zwei schiefe

windestangen (18) umfasst, wobei jede Gewindest- Ebenen (27a, 27b) und zwei Keile (293, 29) umfasst,

ange (18) einerseits in ein am Blgel (12) angeord- wobei die Keile (29a, 29b) durch Anziehen des Bol-

netes Muttergewinde (20) und andererseits in einan zens (30) aufeinander zu treibbar sind.

der Schelle (13) angeordnetes Muttergewinde (20) 45

einschraubbar ist, und wobei sich jede Gewindest- 13. Joch (11) nach Anspruch 11 oder 12, gekenn-

ange (18) tangential zu einem Kreis (19) erstreckt, zeichnet durch mindestens ein Futterblech (32),

dessen Peripherie zumindest abschnittsweise ent- welches in einen Spalt zwischen Sohle (22) und

lang der Bucht (17) und entlang der Schelle (13) ver- Klemmschuh (14) einlegbar ist, der bel H&henver-

jauft. 50 stellung des Jochs (11) entsteht.

4. Joch (11) nach Anspruch 2 oder 3, dadurch ge- 14. Verwendung eines Jochs (11) nach einem der

kennzelchnet, dass die Bucht (17) und die Schelle Ansprliche 2 bis 13 in einem Verfahren nach An-

(13) an ihren Innenseiten mit einem Polsterbelag spruch 1.

(21) belegt sind. 55

5. Joch (11) nach Anspruch 4, dadurch gekenn-

zeichnet, dass es sich bei dem Polsterbelag (21)
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(57) Zusammenfassung: Windenergieanlage mit einem

Maschinentrager und einem Getriebe, dessen Eingang mit ¢ 22

einer Rotorwelle gekoppelt ist, die durch das Getriebe und 5 i ; A&
mindestens ein separates Lager abgestitzt ist, wobei fer- e lf L 6

ner eine Halteeinrichtung vorgesehen ist, die die Rotorwel- ) L

le in einer vorbestimmten Position halt, wenn eine Abstit- 18 . /"9 _ :
zung der Rotorwelle durch das Getriebe fehlt, die Halteein- o A 30 - ! 28

richtung weist mindestens zwei Trager und eine zwischen
diesen angeordnete Rotorhalterung auf, wobei jeder Trager
der Halteeinrichtung in mindestens zwei Bereichen sich auf 2t

dem Maschinentrager abstiitzt. : A Ao “ av
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Beschreibung

[0001] Die vorliegende Erfindung betrifft eine Wind-
energieanlage mit einem Maschinentridger und ei-
nem auf diesem angeordneten Getriebe, dessen Ein-
gang mit einer Rotorwelle gekoppelt ist. Die Rotor-
welle wird durch das Getriebe und mindestens ein se-
parates Lager gehalten.

[0002] Erich Hau, Windkraftanlagen, zweite Uberar-
beitete und aktualisierte Auflage, Springer 1996, Sei-
ten 242-247 beschreibt unterschiedliche Varianten
der Rotorlagerung. So ist fiir eine Lagerwelle be-
schrieben, separate Lager vorzusehen. Ferner ist be-
kannt, eine Rotorlagerung vollstidndig im Getriebe
oder auf einer stehenden, hohlen Achse vorzuneh-
men. Auch kann das hintere Lager in das Getriebe in-
tegriert und das vordere Lager als separates Lager
ausgebildet sein. Das separate Lager fiir die Rotor-
welle kann mit einem gesonderten Lagersockel auf
einem Maschinentrager abgestiitzt sein. Der Maschi-
nentréger kann in einem Maschinenhaus oder in eine
lasttragende Maschinenhausvorderwand integriert
sein. Die zuletzt genannten Lagerarten werden als
Dreipunktlagerung bezeichnet, wobei die vordere La-
gerung der Rotorwelle das Haupt- oder Rotorlager
bildet und die hintere Lagerung durch das Getriebe
Ubernommen wird, das sich seinerseits seitlich (links
und rechts) auf dem Maschinentrdger abstitzt. Mit
der Rotorwelle und dadurch mit dem Triebstrang ver-
bunden und von diesem getragen ist der Rotor beste-
hend aus der Rotornabe und den Rotorblattern. Bei
Wartungs- und Reparaturarbeiten am Triebstrang, zu
denen das Getriebe demontiert werden mubB, ist es
erforderlich, den Rotor zusammen mit dem
Triebstrang zu demontieren. Dies ist mit einem er-
heblichen Arbeitsaufwand verbunden.

[0003] EP 1 291 521 A1 schldgt vor, die Rotornabe
mit dem Maschinentrager oder der vorderen Wand
des Maschinenhauses zu verschrauben, so dass der
Rotor an der Windenergieanlage verbleiben kann,
wahrend das Getriebe repariert und aus dem Maschi-
nenhaus herausgehoben wird.

[0004] Aus AT 403 189 B ist eine Windenergieanla-
ge mit einem Getriebe bekannt, dessen Eingang mit
einer Rotorwelle gekoppelt ist, die ein separates La-
ger aufweist. Ferner ist dort zwischen Lager und Ge-
triebe eine Halteeinrichtung vorgesehen, die die Ro-
torwelle in einer vorbestimmten Position halten kann,
wenn sie montiert ist. Die Halteeinrichtung dient als
Lager, das die Rotorwelle drehbar hait.

[0005] Aus EP 1617 075 A2 ist eine Vorrichtung be-
kannt, die eine rotorseitig gelagerte Rotorwelle in ei-
ner Windenergieanlage bei einem Austausch des
Getriebes halt. Die Vorrichtung besitzt ein Joch mit ei-
nem Bligel, der eine Bucht zur Aufnahme der Rotor-
welle und eine Schelle zum Festklemmen der Rotor-
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welle zwischen Bucht und Schelle aufweist. Das Joch
steht auf einem Maschinentrager, zwischen Rotorla-
ger und Getriebe.

[0006] Der Erfindung liegt die Aufgabe zugrunde,
mit einfachen Mitteln eine Méglichkeit zu schaffen,
um bei einer Windenergieanlage Arbeiten am Getrie-
be ausflhren zu kénnen, ohne dabei den Triebstrang
weitgehend demontieren zu missen.

[0007] ErfindungsgemaR wird die Aufgabe durch
eine Windenergieanlage mit den Merkmalen aus An-
spruch 1 geldst. Vorteilhafte Gestaltungen bilden die
Gegenstande der Unteranspriiche.

[0008]) Die erfindungsgemale Windenergieanlage
weist einen Maschinentrdger und ein Getriebe auf.
Der Eingang des Getriebes ist mit einer Rotorwelle
gekoppelt, die durch das Getriebe und mindestens
ein separates Lager abgestiitzt ist. Flr die Windener-
gieanlage ist eine Halteeinrichtung vorgesehen, die
die Rotorwelle in einer vorbestimmten Position hélt,
wenn eine Abstiitzung der Rotorwelle durch das Ge-
triebe fehit. Die Halteeinrichtung weist mindestens
zwei Trager auf, zwischen denen die Rotorhalterung
angeordnet ist. Jeder der Trager der Halteeinrichtung
stiitzt sich in mindestens zwei Bereichen auf dem
Maschinentrager ab. Der Maschinentrager ist ein tra-
gendes Bauteil in dem Maschinenhaus. Der beson-
dere Vorteil der Halteeinrichtung liegt darin, dass die-
se in mindestens zwei Bereichen auf dem Maschi-
nentrédger aufliegt. Hierdurch wird ein Einsetzen der
Halteeinrichtung erleichtert. Insbesondere stelit die
Auflage in zwei Punkten sicher, dass die belastete
Halteeinrichtung stabil steht.

[0009] Bevorzugt ist die Rotorhalterung zwischen
den Abstiitzbereichen der Trager angeordnet. An der
Rotorhalterung greift die von der Halteeinrichtung
aufzunehmende Kraft an und wird durch die Abstlt-
zung in zwei Bereichen in den Maschinentrdger gelei-
tet.

[0010] Bevorzugt weist die Rotorhalterung eine Tra-
gerplatte und mindestens einen Bugel auf, wobei der
Bligel gemeinsam mit einer Ausnehmung in der Tra-
gerplatte eine Rotorhalterung fiir die Rotorwelle bil-
det.

[0011] Die Rotorhalterung besteht aus mindestens
zwei Teilen der Tragerplatte, die eine Aufnahme auf-
weist, und mindestens einem Biigel, der — mit der
Tragerplatte verbunden — die Rotorwelle halt. Bevor-
zugt besitzt die Aufnahme an der Tragerplatte einen
Flansch, der eine Anlageflache fir die Welle bildet.
Auf diese Weise wird eine Beschadigung der Welle
weitestgehend vermieden.

[0012] Zusatzlich ist die Anlageflache mit einem
Schutzmaterial ausgekleidet, wobei hier bevorzugt
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Neopren eingesetzt wird. Der Blgel besitzt ebenfalls
eine Anlageflache fur die Welle.

[0013] Die Rotorhalterung besitzt zusétzlich einen
Druckring, der mit der Halteeinrichtung verbunden
ist. Der Druckring dient dazu, das geldste Getriebe
von der Rotorwelle zu schieben. Hierzu weist der
Druckring bevorzugt Kiétze zur Anlage an dem Ge-
triebe auf, die gegeniiber dem Druckring verschieb-
lich angeordnet sind.

[0014] Zwischen dem Getriebe (Druckring) und der
Tragerplatte sind bevorzugt zwei Hydraulikzylinder
angebracht. Mittels dieser Zylinder wird das Getriebe
zurlickgedriickt. Die Zylinder erreichen bestimmten
Hub, beispielsweise ungefahr 30 mm pro Hub. Das
Getriebe wird also zundchst um den Hub gedriickt,
dann werden die Zylinder zuriick in ihre Nullposition
gebracht. AnschlieRend wird ein Klotz, beispielswei-
se 30 mm breit, eingebracht. Dieser Schritt wird
mehrfach wiederholt, bis das Getriebe von der Rotor-
welle geldst werden kann.

[0015] In einer bevorzugten Ausgestaltung liegt je-
der Trager der Rotorhalterung an seinen Enden auf
dem Maschinentrdger auf, wobei bevorzugt die En-
den der Trager mit Bohrungen versehen sind, so
dass eine Befestigung an dem Maschinentrager er-
folgen kann.

[0016] Eine bevorzugte Ausfiihrung der erfindungs-
gemafen Tragereinrichtung wird anhand der Figuren
naher erladutert. Es zeigt:

[0017] Fig. 1 die Rotorhalterung in einer Draufsicht,

[0018] Eig. 2 eine perspektivische Ansicht einer Ro-
torhalterung und

[0019] Elg.3 eine perspektivische Ansicht der auf
die Welle montierten Rotorhalterung.

[0020] Fig. 1 zeigt zwei Trager 10, 12, zwischen de-
nen eine Rotorhalterung 14 angeordnet ist. Die Tra-
ger 10, 12 besitzen an ihren Enden 16, 18 jeweils
Durchgangsbohrungen, um {iber Bolzen verschraubt
zu werden. An dem zum Rotorlager weisenden Ende
der Halterung 16 sind drei Bohrungen vorgesehen,
die sich ungeféhr in Richtung der Rotorwelle erstre-
cken. An dem gegenliberliegenden Ende 18 des Tra-
gers 12 sind vier in einem Rechteck zueinander an-
geordnete Bohrungen 22 vorgesehen. Der Trager 12
ist leicht schrag im Hinblick auf die Mittelachse der
Rotorwelle angeordnet. Der zweite Trager 10 ist sym-
metrisch zur Mittelachse der Rotorwelle ebenfalls
leicht schrag angeordnet, wobei die Bohrung an den
Enden 24 und 26 spiegelsymmetrisch zu den Boh-
rungen an dem Trager 12 angeordnet sind.

[0021] Zwischen den Tragern 10 und 12 befindet
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sich die Roterhalterung 14, die iber Bolzen 28 mit
den Tragern 10 und 12 verbunden ist. Die Rotorhal-
terung 14 besitzt eine Tragerplatte 30, die eine Aus-
nehmung mit einem Tragerflansch 32 besitzt. Der
Tragerflansch 32 erstreckt sich ungefahr ber 180°
und ist als Anlageflache fiir die zu haltende Rotorwel-
le vorgesehen. Der Tragerflansch 32 ist mit Neopren
bei einer Dicke von ungeféhr 4 mm ausgekleidet. Ab-
gestitzt wird der Anlageflansch 32 durch finf Rippen
34, die sich strahlenférmig von der Anlageflache 32
zum auleren Rand der Tragerplatte 30 erstrecken.
Die am weitesten aulien liegenden Rippen 36, 38 ge-
hen in Anlageflansche 40, 42 fur die Trager 10, 12,
tiber. Am oberen Ende ist die Halteplatte 30 mit einer
Querplatte 44 versehen, die zur Befestigung der in-
neren Rippen auf der Tragerplatte 30 dient.

[0022] Gehalten wird die Rotorwelle durch ein Paar
von angesetzten Blgeln 46, die mit der Tragerplatte
verbunden werden. Die Blgel 46 sind auf ihrer Innen-
seite ebenfalls mit einer Neoprenbeschichtung verse-
hen. Fixiert werden die Bligel 46 an der Tragerplatte
Gber Bolzen 48.

[0023] Auf einer Seite der Tragerplatte 30 ist ein
Druckring 50 vorgesehen, der lUber Hydraulikzylinder
52 vor der Tragerplatte gehalten wird. Seitlich besitzt
der Druckring 50 einen Stapel von Kiétzen 54 und 56,
die an einer Hohlwelle des Getriebes anliegen. Uber
die Hydraulikzylinder 52 werden die Kibtze 54, 56 ge-
gen die Hohlwelle 68 des Getriebes gedrickt und
schieben das Getriebe von der Rotorwelle 60 (vgl.
Fig. 3). Jeweils nach einem Hub eines Hydraulikzy-
linders 52 wird ein oder mehrere Klbtze nachgelegt,
um durch erneute Betatigung der Hydraulikzylinder
52 das Getriebe weiter zu verschieben.

[0024] Fig. 3 zeigt eine perspektivische Ansicht der
erfindungsgeméaien Rotorhalterung auf einem Ma-
schinentréger 59.

Patentanspriiche

1. Windenergieanlage mit einem Maschinentra-
ger und einem Getriebe, dessen Eingang mit einer
Rotorwelle gekoppelt ist, die durch das Getriebe und
mindestens ein separates Lager abgestitzt ist, wobei
ferner eine Halteeinrichtung vorgesehen ist, die die
Rotorwelle in einer vorbestimmten Position halt,
wenn eine Abstlitzung der Rotorwelle durch das Ge-
triebe fehlt, die Halteeinrichtung weist mindestens
zwei Trager (10, 12) und eine zwischen diesen ange-
ordnete Rotorhalterung auf, dadurch gekennzeich-
net, dass jeder Trager (10, 12) der Halteeinrichtung
in mindestens zwei Bereichen (16, 18) sich auf dem
Maschinentrager (59) abstitzt.

2. Windenergieanlage nach Anspruch 1, dadurch
gekennzeichnet, dass die Rotorhalterung zwischen
den Abstiitzbereichen der Trager (10, 12) angeordnet
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ist.

3. Windenergieanlage nach Anspruch 1 oder 2,
dadurch gekennzeichnet, dass die Rotorhalterung
eine Tragerplatte (30) und mindestens einen Blige!
(46) aufweist, wobei der Bligel (46) gemeinsam mit
einer Ausnehmung in der Trégerplatte (30) eine Hal-
teeinrichtung fiir die Rotorwelle bildet.

4, Windenergieanlage nach Anspruch 3, dadurch
gekennzeichnet, dass die Aufnahme an der Tréger-
platte (30) eine Anlageflache fiir die Rotorwelle be-
sitzt.

5. Windenergieanlage nach Anspruch 3 oder 4,
dadurch gekennzeichnet, dass der Bligel (46) eine
Anlageflache fiir die Rotorwelle besitzt.

6. Windenergieanlage nach Anspruch 4 oder 5,
dadurch gekennzeichnet, dass die Anlageflache mit
einem Schutzmaterial ausgekleidet ist.

7. Windenergieaniage nach Anspruch 6, dadurch
gekennzeichnet, dass als Schutzmaterial Neopren
vorgesehen ist.

8. Windenergieanlage nach einem der Anspri-
che 1 bis 7, dadurch gekennzeichnet, dass die Rotor-
halterung mit einem Druckring (50) versehen ist, der
Uiber mindestens einen Hydraulikzylinder mit der Tré-
gerplatte (30) verbunden ist.

9. Windenergieanlage nach Anspruch 1 bis 10,
dadurch gekennzeichnet, dass jeder Trager (10, 12)
an seinen Enden auf dem Maschinentrager (59) auf-
liegt.

10. Windenergieanlage nach Anspruch 11, da-
durch gekennzeichnet, dass jeder Trager (10, 12) an
seinem Ende Bohrungen aufweist, die zur Befesti-
gung an dem Maschinentrager (59) dienen.

Es folgen 3 Blatt Zeichnungen
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Roberts Mlotkowski Safran Cole & Calderon, P.C.
7918 Jones Branch Drive, Suite 500
McLean, Virginia 22102

ASSIGNMENT-DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN
APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.76)

Docket No. 400517-20003

Title of MAIN SHAFT FIXTURE
Invention

DECLARATION
As a below named inventor, I hereby declare that:

This declaration is directed to:

The attached application, or
U.S. application or PCT international application number PCT/DK2015/000040 filed on 6 October 2015.
The above-identified application was made or authorized to be made by me,
I believe that I am the original inventor or an original joint inventor of a claimed invention in the application.
I have reviewed and understand the contents of the application, including the claims.

I am aware of the duty to disclose to the United States Patent and Trademark Office all information known to me to
be material to patentability as defined in 37 CFR §1.56.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. §1001
by fine or imprisonment of not more than five (5) years, or both.

ASSIGNMENT

WHEREAS, the undersigned inventor(s) hereinafter referred to as the ASSIGNOR(S), has/have invented a
certain improvement relating to the above identified invention.

AND WHEREAS, LIFTRA IP ApS whose post-office address is Stationsmestervej 81, 9200 Aalborg
SV, Denmark, hereinafter known as the ASSIGNEE, is desirous of acquiring the entire right, title and interest for
the United States and elsewhere throughout the world in and to said invention and application, including any and all
divisions and continuations thereof, and any and all Letters Patent which may be granted thereon, including any and
all renewals, reissues, and prolongations thereof.

NOW, THIS WITNESSETH that for good and valuable consideration, the receipt whereof is hereby
acknowledged, said ASSIGNOR(S) hereby assign, sell and transfer to said ASSIGNEE, its assigns and legal
representatives, the entire and exclusive right, title and interest in and to said invention and application, for the
United States and elsewhere throughout the world including any and all divisions and continuations thereof, and any
and all Letters Patent which may be granted therefor and all rights to sue for past and future infringement
thereunder, said ASSIGNEE and its assigns and legal representatives to have, hold, exercise and enjoy the said
invention and application, including any and all divisions and continuations thereof, and any and all Letters Patent
which may be granted thereon, including any and all renewals, reissues and prolongations thereof, with all the rights,
powers, privileges, and advantages in any ways arising from or pertaining thereto, for and during the term or terms
of any and all such Letters Patent when granted, including any and all renewals, reissues, and prolongations thereof,
for the use and benefit of said ASSIGNEE and its assigns and legal representatives in as ample and beneficial a
manner to all intents and purposes as the said ASSIGNOR(S) might or could have held and enjoyed the same, if this
assignment had not been made.

Page 1 of 2
Liftwerx Ex. 1006
LiftWerx USA Inc. v. LiftralP ApS
| PR2026-00102
Page 304 of 349



Roberts Mlotkowski Safran Cole & Calderon, P.C.

7918 Jones Branch Drive, Suite 500
McLean, Virginia 22102

AND said ASSIGNOR(S) hereby agree to execute all papers necessary to file applications in the United
States and elsewhere throughout the world for said invention and to assign the same to said ASSIGNEE, or any
assignee acquiring title to said invention, and to execute any other papers that may be needed in connection with

filing said application and securing Letters Patent thereon.

AND said ASSIGNOR(S) authorize and request the Commissioner of Patents to issue Letters Patent on
said application, and on any and all divisions and continuations thereof, to said ASSIGNEE, its assigns and legal

representatives, in accordance herewith.

LEGAL NAME OF INVENTOR(S)

Inventor one: Per E. Fenger

Date

/- 3-2074

Signature: ,l%’ /é?ﬁﬁ/

Inventor two: Date:
Signature:
Inventor three: Date:
Signature:
Inventor four: Date:

Signature:
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Den foreliggende opfindelse angar et hovedaksel-fixtur tit vindmelier til fikse-
ring af hovedakslen pa en vindmglle ved gennemiorelse al montage- og reparati-
onsarbejder pa tunge dele af vindmgllen arrangerat | nacslien p& vindmeller, hvil-
ket fixtur opdelt | et antal sektioner for montering pé stabile konstruktionsdels, der

forefindes | en vindmglles ngcelie, herunder naceliens bundramme.

Ved gennemforelze af montage og reparationsarbejder i nacellen pa vind-
malier, er der ofte behov for at foretage fiksering af vindmaollens hovedaksel, f.eks.
ved skift og servicering af vindmalles gearkasse, generator, eller ved udskifining af
dennes hovediejer, sller andre tunge konstruktionsdele der forefindes i nacellen pa
en vindmglie. Naevnie komponenter der er indbyrdes forbundne og forankrede til
naceliens bundrammae, er | samlet tilstand stabile, men nar der skal foretages en
adskillelse ved reparation og servicering af melien, opstar der statisk usiabiiilet og
ubalance, der kan mediore at mollens konstruktionsdele beskadiges, derfor er der
et behov for at fiksere vindmaollens hovedaksel.

Hidtil har det vaarel nadvendigt at standse mailen, dvs. bremse denne af og
fikzere rotoren med en rotorlas, og derefter montere et egentligt fixtur @il fasthol-
delse al hovedakslen, hvorafler servicering al komponenternea | vindmallens nacel-
ie kan finde sted. Imidiertid er det uhensigtsmaassigt at skulle indstilie driften af
vindmaelien imens montagse af hovedaksei-fixturet finder sted, idet stilstand af
vindmailen i den tid der medgar til montage af fixturet, medfgrer et ikke ubstydeligt
driftstab | form af manglende produceret energi (stram)}. Yderligere er de kendie
hovedaksel-fixturer relativt ufleksible  forhold Uil akselgeomeird, hvilket betyder at
der i praksis skal konstrueres og oplagres tilnsermelzesvis lige s& mange forskelli-
ge fixturer, som der forekommer forskellige akselgeometrier, hvilket er uhensigts-
maessigh. Desuden er anvendelse af selvophejsende kraner, hvis spil er placeret
pa jordoverifladen naer meilens 1&rn under udbradelse, idet anvendelsen heraf
rumimer siore besparelser | omkostningsniveauel ti servicering al vindmaelier, idst
anvendelse af store mobilkraner tif handtering af ovennaevnts store og tunge kom-
ponenter, overflodiggeres. Delle madigrer imidiertid behov for faciliteler 1l foran-
kring af den selvopheisende kran med det jordbaserede spil | nacellen. Yderligere
fordrer det selvophejsendes spil dog tilsisdevesrelse af en letvasgiskran, til ophejs-
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ning af kastetblokke m.m. der skal forankres p&/i nacellen eller pa vindmagliens

vinger, hvitkel stiller krav om faciliteter for montage af letveegiskranen.

| tilfeside af servicering af navniig storre vindmelier, kan det imidlertid vaers
uhensigismaeessigt at blokere hovedakslens rotation ved en agentlig rotorlas, men
hvor dat blot er formélstientigt at fastholde akslen | ain position og tillade en vis
rotation af akslen, hvilket er muligt ved at dreje vingerne/nacellen ud af vinden,
saledes at akslen ved vindpavirkning pa vingeme, Kun rolarer megst langsomi,
eller slet ikke, hvorved det er accepiabelt rent sikkerhedsmesssigt at foretage ser-

vicearbejder | en aklue! vindmglles nacslie.

Det er saledes opfindelsens formal at angive et hovedaksel-fixiur, der tilgo-
deser en mere universel anvendelse | forhold tl akselgeometri, der endviders ikke
fordrer standsning og fiksering af vindmagllens hovedaksel, men som dog kan om-
fatte midier dertil.

Det er endvidere oplindealsens formal at angive et hovedaksel-fixtur der yder-
ligere frembyder faciliteter for montage af en selvophegjsende kran, med et jordba-

saret spil.

Det ar ved opfindelsen indset, at dette er muligt ved et hovedakssafixtur af
den indiedningsvist angivne arl, som gr kendstegnet ved, at hovedaksel-fixturet
omfatter | det mindste re, fortrinsvist fire, | hovedsagen, omkring hovedakslens
centerakse symmelrisk placerede, radialt forskydelige trykdorne, hvis imod hoved-
akslen vendende ender ar forsynede med trykske, og hvilke trykdorne er forskyde-
ige imellem en passiv, lilbagetrukkel pasition hvor trykskoene er lokaliseret t af-
stand fra aksel overfladen, og en akliv fremskudt 1asbar position hvor trykskoene

er  anizeg med hovedaksien.

Herved opnas en betragtelig fleksibilitet med hensyn il hovedaksel-fixturets
anvendelse il fiksering af hovedaksler med forskellig geometri pad vindmalier, idet
alene graden af forskydeligheden af rykdomene og storrelsen af hovedaksel-
fixturet er begraansende for anvendeligheden heraf, Hovedakszel-fixturet er sdledes
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bade anvendeligt til fiksering af cylinderformede aksler med forskellige diametre,
og il fiksering af aksler med konisk facon. Hovedaksel-fixturet ifoige oplfindelsen
ar flerdelt, og kan monteres pa faste konstruktionsdele, fortrinsvist nacsllens bund-

ramme, mens vindmglens rotor er i drift.

{ den hensigt at kunne anvende et selvophejsende kran, med et jordbaseret
spit sammen med hovedaksel-fixturat figlge opfindeisen, kan at dette omfatie mon-
teringsfaciliteter for en selvophesisends kran, hvis spil er placerat pd jordoverfia-
den nsey vindmagliens fod.

Harved opnas den fordel, at stablering af faciliteter il fiksering af vindmollens
hovedaksel, sami etablaring af monteringsiaciliteter for den selvopheisende kran
med ef jordbaserei apil, finder sted samtidigt, hviltket sparer arbejdsgange, og
piads, hvilket er af stor viglighed, idst pladsforholdens | nacellen | en vindmplle
oftest er sparsomme, og yderligere, at savel hovedaksel-fixturet som monterings-
faciliieterne for en selvophejsends kran | nacellen, normall benyller de samme
faste konstruklionsdele | nacellen il forankring.

{ den hensigt at sikre en ot og hurlig etablering af den selvophejsende kran,
hvitket fordrer ophejsning al kastetblokke med wirer hidrarende fra det jordbasere-
de spil med en letvasgiskran, der monieres pa stabile konstruktionsdele | nacelien,
kan hovedaksei-fixturet omfatte monteringstaciliteter tor en letvaegtskran.

| den hensigt at sikre en hurtig fiksering af hovedakslen med hovedaksel-
fixturet ifolge opfindelsen, kan trykdormene vesre forsynede med akiuatorer for for-
skydning og fastholdeise af trykskoene | henholdsvis den passive position og den
aklive position, alternativt en valgli position imellem den passive og den aklive
position. Herved opnas en lidsbesparelse ved forskydning af trykskoene imellem
den passive position og den aklive position, trvkket an imod hovedakslens overfla-
de.

| en mere enkel udfgrelsesform af havedakael-fixturat, ifglge opfindelsen, kan
trykdormene udgares af gevindskame bolte hvis imod hovedaksien vendende frie
ender er forsyneds med fryksko, hvilke gevindskarns bolte samvirker med gevind-

skarne huller i relevante seldioner af fixturet. Herved kan trykdormene med
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trykskoene ved manue!l drejning af de gevindskame bolte forskydes imellem den

passive position og den aklive position.

I den hensigt at kunne tiliade rotalion af hovedaksien under udiorelse af ser-
vicering af en aktuel vindmelle og for at beskytte hovedaksien samt hovedakselfix-
turet, kan der imellem de filvendende sider af hovedakslens overflade og
trvkskoene forekomme en glidebelsgning.

Herved opnas det at hovedaksien fastholdes | sin position af hovedakselfixiu-
ret, men at det tillades at hovedakslen roterer, uden at denne beskadiges, grundst

tilstedeveereisen glidebeleegningen.

i en farste udiorelsesform af glidebelesgningen kan denns besta i, at de imod
hovedakslen tilvendende frie ender af trykskoene er forsynede med glideplader,
der i den akiive fremskudte position er | anleeg med hoveaedakslen.

i en yderligere udforelsesform kan hovedakseliixturet ifalge opfindelsen om-
fatie en med hovedaksien samvirkende, flerdelt glideplade for montage p& hoved-
akslen, hvilken flerdelts glideplade | den monterede tilstand pa hovedakslen sam-

virker med trykskoene.

Herved opnds det, at trykskoene pa hovedakselfixturets trykdorne glider di-
rekie pa den flerdelte glideplade, ved en aventuel rolation af hovedakslen, forar-
saget af vindpavirkning af vingermne. Trykskoene pa hovedakseliidurels trykdorme
kan samvirke med den flerdelle glideplade pa hovedaksien, med eller uden glide-
belzgningser pa de imod hovedakslen tilvendende sider af rykskoene.

i en yderligere udiorelsesform af hovedakssliixturet ifalge opfindelsen kan
deite omfatte el flerdell nale-, rulle-, kugleleje bestdende af en pé hovedakslen
fastgjort, flerdelt inder-ring, samt en dermed samvirkende flerdelt yder-ring besta-
ende af et il trykskoenens antal krumme delsggmentsy monteret pa den imad in-
der-ringen tilvendende side af rykskoene, der | trykdornenss fremskudie aktive

position danner yder-ringen { en afstand fra den udvendige periferi af den flerdalle
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inder-ring, hvor der imeliem inder-ringen og vder-ringen er anbragt ot passendes
antal naleruller, ruller sller kugler, og hvor der forefindes midler il fastholdeise af

naleruller, ruller eller kugler | position imellem inder-ringsn og yder-ringen.

Herved dannes an egentlig midiertidig lgjeforbindelse imellem hovedaksel-
fixturet og hovedaksien, hvorom hovedaksien kan rolere.

{ den hensigt at kunne fiksere rotoren pd vindmagllen efler denne er bremssat
op, kan hovedaksel-fixturel, ifoige opfindelsen omiatlte en rotorias, for fiksering af
vindmaellens rotor.

| en foretrukket udferelsesform af rotorlasen udgares denne af en flange,
hvis bolicirkel geometri modsvarsr en bolicirkel geometri p& rotoren, hvilkken flangs
i enderne er fasigjort til den fgrste ende af to paralislt med hovedaksien og pa hver
side af denne forlobende, farste biselkeformede konsoller tithgrende hovedaksel
fixturet, hvilke konsollers anden ende er drejeligt lejrede med horisontall orientere-
de boltforbindelser, pa andre konsaller tithgrende hovedaksel-fixturet, der ar for-

ankrede t naceliens bundramme.

i den hensigl al kunne foretage udskifining al aksiens hovedieje, uden at vas-
re ngdsaget ti at afmontere hovedakslen, kan hovedaksel-fixturet yderligers om-
fatte | det mindste en anden akiuator, imellem nacsliens bundramme og den imod
denne tilvendende side af de farsie bjsslikeformeds konsolier og nsermest rotorla-
san, hvilken anden aktuator er forskydelig imellem en forste passiv yderposition og
en aktiv yderposition hvorved flangeslementet forskydes vertikalt.

Herved opnds del, at hovedakslen kan haeves fra sit leje haengende | rolorlé-
sen, saledes at akslens hovedlsje kan udskifies eller sarviceres uden at akslen

skal fjgrnas fra nacelien.

Opfindelsen forklares neermere i det folgende med henvisning til tegningen,
hvor;
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fig. 1 er et perspektivbillede af dele af en vindmglles nacelle, udvisende na-
cellens bundramme, vindmgllens hovedaksel, samt et hovedaksel-fixtur ifalge op-
findelsen, med en letvaegtskran og en selvophejsende kran monteret,

fig. 2 er et mere detaljeret perspektivbillede fra en anden vinkel af det i fig. 1
viste, hvor hovedakslen er gjort transparent, udvisende trykdorne med tryksko,
tilherende hovedaksel-fixturet ifalge opfindelsen,

fig. 3 er et mere detaljeret perspektivbillede fra en anden vinkel af det i fig. 1
viste, hvor hovedakslen er gjort transparent, udvisende aktuatorerne for haevning
af hovedakslen,

Fig. 4 er et detaljeret perspektivbillede af hovedakselfixturet til en vindmaolle,
hvor trykskoene og hovedakslen er forsynet med glideplader, og

Fig. 5 er et detaljeret detaljeret perspektivbillede af hovedakselfixturet til en
vindmglle, hvor glidepladerne er erstattet af flerdeit nale-, rulle-, kuglsleje besta-
ende af en pa hovedakslen fastgjort, flerdell inder-ring, samt en dermed samvir-
kende flerdelt yder-ring bestaende af et lil rykskoenens antal krumme delsagmen-
ter monterel pa den imod inderringen tilvendende side af trykskoene.

| fig. 1 ses en bundramme 2 i en nacelle (ikke vist) pa en vindmglle (ikke
vist), hvor vindmgllens hovedaksel 4, med gearkasse 6 og rotoren 8 er vist, og
hvor hovedaksel-fixturet 10 ifalge opfindelsen er vist i monteret tilstand, baerende
henholdsvis en letvaegtskran 12 og en selvophejsende kran 14, med et jordbaseret
spil (ikke vist). Bundrammen 2 er af hensyn til overskueligheden gjort transparent.

Hovedaksel-fixturet 10 er i den viste udferelsesform forankret pa bundram-
men 2 naer gearkassen 6 og neer rotoren 8, og omfatter en flerdelt ramme 14, der
sammen med en derpa fastspaendt tveerdrager 16, omslutter et stykke af hoved-
akslen 4 imellem rotoren 8 og gearkassen 6. Den flerdelte ramme 14 er forankret
pa bundrammen 2.

| fig. 2 ses det i fig. 1 viste, men som ende-billede, set fra rotorsiden af akslen
4, og hvor rotoren 8 af hensyn til overskueligheden er gjort transparent. Som det
fremgar af fig. 2 omfatter den flerdelte ramme 14 og tveerdrageren 16 i alt 4 om-
kring hovedakslen 2 symmetrisk placerede trykdorne 18, med tryksko 20, der er
bragt i anleeg med hovedakslen 4, for fastholdelse af denne.

Trykdornene 18, kan udgores af hydraulisk drevne stempler hvis frie ender
omfatter trykskoene 20, men kan ogséa veere udfort pa andre mader, hvor disse
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forskydes manuelt imellem den aktive position, hvor trykskoene 20 er i anleeg med
hovedakslen 4 og den passive, tilbagetrukne position.

Som det fremgar af fig. 3, omfatter hovedaksel-fixturet 10, to parallelt forlo-
bende forste dragere 22 pa hver side af hovedakslen 4, i hvis farste ender, neer-
mest rotoren 8, er fastgjort rotorlas i form af et flangeelement 24, hvis hulcirkel 26
geometri er ligedannet med hulcirkel 28 geometrien pa rotoren 8 over en del af
rotorens periferi. Ved lasning af rotoren 8 bringes hullerne 7 i rotoren 8 og hullerne
9 i flangeelementet 24 til overlapning, hvorefter der indferes bolte gennem huller-
ne, der tilspaendes med matrikker, hvorefter rotoren 8 er fastholdt/Iast af flange-
elementet 24.

Den anden ende af de parallelt forlobende farste dragere 22 er naermest
gearkassen 6 drejeligt forankret pa horisontalt orienterede lejebolte 30, pa en kon-
sol 32, der er fastgjort til bundrammen 2. De parallelt forlebende forste dragere 22
er indbyrdes forbundne med andre tveerdragere 34, pa hvilke ses konsolfaciliteter
23 for en selv ophejsende kran 14 med et jordbaseret spil (ikke vist).

Som det fremgar af fig. 3 og fig. 1, findes der imellem bundrammen 2 og de
paralleltforlebende forste dragere 22 en aktuator 36. Aktivering af aktuatoren 36 vil
medfare en s&endring af afstanden imellem bundrammen 2 og de farste dragere 22,
i hvilket flangeelementet 24 er ophaengt, hvilket vil medfgre at flangeelementet 24
og rotoren 8, og dermed hovedakslen 4 haeves, hvilket vil medfare, at det bliver
muligt at udskifte hovedakslens leje 38, uden at vaere ngdsaget til at hejse hoved-
akslen 4 ned pa jorden, hvilket er meget besparende, safremt hovedaksellejet 38
skal repareres eller udskiftes.

| fig. 1 ses endvidere hvorledes hovedaksel-fixturet 10 omfatter monterings-
faciliteter 40 for letvaegtskranen 12.

i fig. 4 ses en udforelsesform af hovedaksel-fixturet, ifelge opfindelsen, der er
spacielt egnet til anvendelise for fastholdelse af vindmgllens hovedaksel 4 1 positi-
on | nacellen, men hvor rotation af hovedakslen 4 er mulig | trykdorme-

nes/irykskoenes (18, 20) aklive position | anlaag med hovedakslen.
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Som det fremgér af fig. 4, findes der imellemn de tilvendends sider af

irykskoene 20 og coveriladen af hovedaksien 4 en glidebelsegning 42, 44,

Glidebelssgningen kan udgares af glideplader 42 der er fasigjort pa de imod
hovedakslen 4 tilvendende frie ender af trykskoene 20, der | den aklive fremskudte
position er | anlesg med hovedaksien 4, men kan alternativi omfatte en med ho-
vedakalen 4 samvirkende, flerdell glideplade 44 for montage pa hovedaksien 4,
hvilken flerdelte glideplade 44 | den montereds lilstand pa hovedaksien 4 samvir-
ker med trykskoene 20. Det skal anfgres, at tiistedeveerelsen af den flerdelie gli-
deplade 44 pa hovedaksien 4 ikke ngdvendigvis udelukker tilstedevasralisen af

glidepladerne 42 p& trykskoene 20,

i en yderligere udigrelsesform bestér hovedakselfixturet 10 af et flerdelt néle-
. rulie-, kugleleje 48, bestaende af en pa hovedakslen fastgjort, flerdeilt inder-ring
48, samt en dermed samvirkende flerdell yder-ring 50 beastdende af el 8l trykskoe-
nens antal krumme delsegmenter 52 monteret pé& den imod inder-ringen 48 lilven-
dende side af trykskoeane 20, der i trykdormenes fremskudie aklive position danner
yder-ringen 50 i en afstand fra den udvendige periferi af den Herdelte inder-ring 48,
og hvor der imellern inder-ringen 48 og yder-ringen 50 er anbragt et passende an-
tal ndlerulier/ ruller/ eller kugier 54 {i den viste udiarelsestorm ruller 54), og hvor
der forefindes midler (ikke vist) til fasthoidelse af ndlerulier/ ruller/ kugler 54 | posi-
tion imellem inder-ringen 48 og yder-ringen 50.

Nazvnie midler til fastholdelse af ndleruller/ruller/kugier 54, kan besia |, sam-
virkende kantafgraensninger pa tilvendende sider af inder-ringen 48 og yder-ringen
50, alternativl ved holdemidiar, imellem hvilke nadlerullerneg/rullerna/kuglerne 54

fastspsendes.

Tilstedevesrelsen af glidebelsegningen 42, 44, alternativi det flerdelie nale-,
ruife-, kugleleje 46, medfarer at hovedakslien 4 tillades at rotere, med samtidigt at
denne fastholdes | sin position under servicering af vindmuailen, hvitket kan vaers

forméalstjeniigt, navniig ved starre vindmailer.
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Opfinderen har erkendt, at hovedaksel-fixturet 10 kan antage andre udform-
ninger en den foran beskrevne og i figuren viste, men det aendrer ikke pa det op-
finderiske aspekt der bestar i at angive et hovedaksel-fixtur 10 af den angivne art,
der omfatter justerbare trykdorne 18 med tryksko 20, der medferer at fixturet 10
bliver anvendeligt uanset geometrien af hovedakslen 4 pa en vindmglle, og séale-
des, at dette kan monteres uden at fiksere rotoren 8, og yderligere at kombinere
hovedaksel-fixturet med faciliteter (40) montering af henholdsvis en letvaegtskran
12, og en selvophejsende kran 14, med et jordbaseret spil, samt en rotorlas 24 og
sluttelig at indrette hovedaksel-fixturet 10 med aktuatorer 36, séledes at hovedaks-
len 4 og hovedaksellejet 38 kan heaeves tilstraekkeligt fra dettes leje i nacellen til, at
lejet kan serviceres eller udskiftes.
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10

KRAV

1. Hovedaksel-fixtur (10) ti fiksering af hovedaksien (4} pd en vindmglle ved
gennemiorelse af montage- og reparationsarbeider pa tunge dele af vindmallen
arrangeret { nacellen pd vindmaelier, hvilket fxtur (10) opdelt i et antal sekiioner for
montering p& stabile Konstruklionsdele (2}, der forefindes | en vindmglies nacelle,
herunder nacellens bundramme (2. kendetegnet ved, alhovedak-
sel-fbduret (10) omfatier | det mindste tre, fortrinsvist fire, | hovedsagen, omkring
hovedakslens centerakse {(11) symmelrisk placerede, radialt forskydelige trykdor-
ne {18}, hviz imod hovedakslen (4) vendende ender er forgynede med tryksko
{20}, og hvilke trykdorne (18} er forskydslige imellem en passiv, titbagstrukke! po-
sition hvor trykskoene (20) er lokaliseret | afstand fra hovedaksien {4) ovearfladen,
og en akliv fremskudt lasbar position hvor trykskoene {20) er | anlesg med hoved-
aksien {43,

2. Hovedaksel-fixtur (10), felge krav i, kendetegnet ved, atdet
te omfatier montaringsfaciliteter for en selvophejsende Kran (14}, hvis spit er pla-
ceret pa jordoverfladen neer vindmelens fod.

3. Hovedaksel-fidur (10), iplge kwavieller2 kendsestaegnet vead,
at dette omfatier monteringsfaciliteter (40) for en latveegiskran (12).

4. Hovedaksel-iixtur (10), Holge ot hvilket som helst af kKravene -3, ke n -
detegnet ved, atbrvkdomnene (18) er forsynede med aktuatorer til for-
skydning og fastholdelse af rykskoans (20) | henholdsvis den passive position og
den aklive position, alternativt en valgfri position imellemn den passive og den akii-

ve position.

5. Hovedaksel-fixtur {10), ifglge st hvitket som helst af kravene 1-3, ke n -
detegnetl ved, atirykdormnense {18) udgeres af gevindskarne bolte hvis
imod hovedakslen vendende frie ender er forsynede med tryksko (20), hvilka ge-
vindskarme bolle samvirker med gevindskarne huller | relevanie seklioner af fixtu-
ret {10},
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8. Hovedaksel-fixtur (10), Holge of hvilket som helst af kravene 1-5, ke n -
detegnet ved, alderimellem de tilvendende sider af hovedakslens

overflade og trvkskosna findss en glidebelaagning (42, 44).

7. Hovedaksel-fixtur (10) ifglge kravg, kKendetegnet ved, atglh
debelsagningen bestar i, at de imod hovedakslien (4) tilvendends frie ender af
trvkskoene {20) er forgynaede med en glideplade (42}, der i den akiive fremskudte

position er i anlaeg med hovedakslien (4).

8. Hovedaksel-fixdur (10) ifpige kravéaller7, kendetegnet ved,
ai det omiatter en med hovedaksien {4) samvirkende, flerdelt glideplade (44) for
montage pa hovedakslen (4), hvitken Herdelle glideplade (44) | den monterede

flistand pa hovedaksien (4} samvirker med trykskoene (20).

9. Hovedaksel-fixtur (10) iolge et hvilkel som heist afkravene 1-5, ke n -
detegnet ved, altdetomfatter et flerdell ndle-, rulle-, kugleleje (48) be-
staende af en pa hovedaksien {4} fasigjort, flerdelt inder-ring {(48), samt en dermed
samvirkende flerdell vder-ring (50) besidende af et til rykskoenens antal krumme
delsegrmentear (82) monieret pa den imod inder-ringen (48) tilvendende side af
trykskoene {203, der | rykdomenes fremskudte akiive position danner yder-ringen
{50} { en afstand fra den udvendige periferi af den flerdelte inder-ring {48), hvor der
imellem inder-ringen {48) og yder-ringen (80) er anbragt et passends anial nalerul-
fer, ruller eller kugler {(84), og hvor der forefindes midler til fastholdelse af nalerui-
ey, ruller eller kugler {(54) | position imellem inder-ringen (48) og yder-ringen (50}

10. Hovedaksel-fixtur (10}, ifolge et hvilket som helst af lvavene 1-8, ke n -
detegnel ved, atdelle omfaller en rotorlas (24), Tor fiksering af vindmaei-
fens rotor (8).

11. Hovedakseal-fidur (10), folgekrav i kendetegnet ved, at
rotoriasen (24) udggres af et flangeelemeant, hvis policirkel geometri (28) modsva-
rer en bolicirkel geometri (28) pad rotoren, hvilket flangeelemeant (24) | endeme er
fastgjort til den forste ende (21) af to parailelt med hovedaksien og pé hver side at
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denne forigbends, forste bjslkeformede konsoller (22) titherende hovedaksel fix-
turet, hvilke konsollers (22) anden ende {23} er drejeligl lejrede med horisontall
grienterede boltforbindelser (30}, pa andre konsoiler (38) tithorende hovedaksel-

fixturel (10), der er forankrede pa nacsliens bundramme (2).

12. Hovedakselfixtur (10}, ifolgekrav il kendetegnet ved, al
der imellem naceliens bundramme {2) og den imod denne tilvendende gide {25} af
de forste bjeslkeformede kKonsoller (22) og neaermest rotoridsean (24}, findes | det
mindste en akduator (36}, hvitken akiuator (38) er forskydelig imeliem en forste
passiv yderposition og en aktiv yderposition hvor flangeelementat {(24) forskydes
vertikalt,
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Sammendrag

Der angives et hovedaksel-fixtur (10) til fiksering af hovedaksien (4) pd en
vindmolle ved gennemierelse af montage- og reparationsarbeider pa tunge dele af
vindmagilen arrangeret i nacellen pa vindmeller, hvilket fixtur (10) opdelt | of antal
sektioner for montering pa stabile konstruktionsdele (2}, der forefindes { en vind-
mgiles nacelie, herunder nacellens bundramme (2).

Hovedaksel-fixturet (10) omfatter justerbare trykdorne (18) med tryksko (20),
der medfgrer at fixturet 10 bliver anvendeligt uanset geometrien af hovedakslen
(4) pa en vindmolle, og saledes, at dette kan monteres uden at fiksere rotoren (8).
Hovedaksel-fixturet (10) omfatter tillige faciliteter (40) montering af henholdsvis en
letvaegtskran (12), og en selvophejsende kran (14) med et jordbaseret spil, samt
en rotorlas (24), der i kombination med til hovedaksel-fixturet (10) hgrende aktua-
torer (36) imellem hovedaksel-fixturet (10) og bundrammen (2), medfgrer, at det er
muligt at forskyde hovedakslen (4) og hovedaksellejet (38) vertikalt fra dettes leje i
nacellen til, at lejet kan serviceres eller udskiftes.
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(54) Title: MAIN SITAFT FIXTURE

(57) Abstract: A main shaft fixture (10) is disclosed for fixing in place a
main shaft (4) on a wind turbine during execution of installation and repair
work on the heavy parts of the wind turbine arranged in the nacelle of wind

turbines, where the fixture (10) is divided up into a number of sections for

mounting on stable structural parts (2) that are found in a wind turbine's na-

celle, including the nacelle's bottom frame (2). The main shaft fixture (10)
© comprises adjustable pressure mandrels (18) with tap shoes (20), which

cause the fixture 10 to be usable regardless of the geometry of the main shaft
(4) on a wind turbine, and such that it can be mounted without fixing the ro-

tor (8). The main shaft fixture (10) also comprises facilities (40) for the

o - ]

mounting of a lightweight crane (12) and a self-hoisting crane (14) with a
ground- based winch, respectively, as well as a rotor lock (24), which in
combination with the actuators (36) belonging to main shafll fxture (10)
between the main shaft fixture (10) and the bottom frame (2) makes it pos-
sible to displace the main shall (4) and the main shafl bearing (38) vertically
from its bearing in the nacelle sufficiently to service or replace the bearing.
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TITLE: MAIN SHAFT FIXTURE

The present invention relates to a main shait hixiure for the fixing of a main
shaft on a wind furbine during the execulion of instaliation and repair work in
heavy parts of g wind turbine arranged in a nacelle on wind turbines, with the
fixture being divided up into a number of sections for instaliation on stable

structural paris in a nacelle in a wind turbine, including the nacelle’s bottom frame.

During the executlion of installation and repaiy work on the nacelle of wind
furbines there is offen a need to perform fixing of the wind turbineg's main shafi, for
example with the replacement and servicing of a wind turbine's gear box,
generator or with the replacement ¢f its main bearing, or other heavy structural
paris presant in the nacelie of a wind Wwrbine. The staled components, which are
mutually conjoined and anchorsed o the nacelle’s bottom frame, are siable in an
assembled state, but when separation needs 10 be underiaken during repairs and
servicing of the turbine, static instability and imbalance arises, which can lead to
the wrbine's structural parts being damaged, hence there is a need 1o fix the wind

urbing's main shaft.

DE 102006013539 A1 (NORDEX ENERGY GMBH) discloses a main shaft
fixture for fixing the main shaft on a wind twrbine during the execution of
insiallation and repair work on heavy parts that are arranged in the nacelle on wind
urbines, with the fixture being divided up into a number of seclions for instaliation
on stabile structural paris that are found on a wind trbing's nacelle, including the

nacalie’s’ holtom frame.

Up to now it has been necessary 1o half the turbine, Le. brake it and fix the
rotor with a rotor lock, and then mount an actual fixture to firmiy hold the main
shaft, subsequent to which servicing of the components in the wind turbine's
nacelle is able to take place. However, it is inappropriate to have to halt the
oparation of the wind turbine while the mounting of the main shaft fixture is taking
place, as the standstill of the wind turbine during the time that is spent o install the

fixture involves a not insignificant operating loss in the form of a lack of energy
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oroduced (power}). Furthermore, the known main shaft fixtures are relatively
inflexible in relation to shaft geometry, which means that in practice nearly just as
rmany differant fixtures need 1o be built and slored as there are shaft geometries
that exist, which is inappropriate. in addition, the use of self-hoisting cranes,
whose winches are placed on the ground surface near the turbing’s tower, is
increasing, because the use of such involves large savings in the level of
expenses for servicing of wind turbines since the use of large mobile cranes for
handling the above-mentioned large and heavy components is made superfiuous.
This causes however a need for facilifies for anchoring the seli-hoisting crane with
the ground-based winch in the nacelle. However, the salf-hoisting winch requires
furthermore the presence of a lightweight crane, for the hoisting of snatch blocks,
gic., that are o be anchored on/in the nacelie or on the blades of the wind turbine,
which poses requirements concemning the facilities for mounting the lightweight

crane.

in the event of servicing in particular large wind turbines, it may however be
inappropriate to block the main shaft's rofation with an actual rotor lock, but rather
be appropriate to simply relain the shafl in position and permit a certain rotation of
the shaft, which is possible by turning the blades/nacelle out of the wind so that
the shalt via the effecis of the wind on the blades only rotales very slowly, or not at
all, whereby il is accepiable in terms of salety, to perform service work in the

nacealie of the wind turbine concemed.

i{ thus is the purpose of the invention 1o specify a main shalt fixture that
provide a more universal application in relation to shatt geometry, which moreover
does not require halting and fixing of the wind trbing's main shaft, but which may

however comprise the means for such.

i1 is further the purpose of the invention to provide a main shati fixture that in
addition offers facililies for the mounting of a self-hoisting crane, with a ground-

basad winch.

LiftWerx Ex. 1006

LiftWerx USA Inc. v. LiftralP ApS
IPR2026-00102

Page 333 of 349



10

20

25

30

35

WO 2016/055065 PCT/DK2015/000040

i1 is by the invention realized that this is possible by a main shalt fixture of the
nature specified in the introduction, which is characlerised by that the main shalt
fixture comprises at least three radial displaceable pressure mandrels,
substantially symmetrical located around the centre axis of the main shaft, the
ends of said pressure mandrels facing the main shait are fumished with a tap
shoe, and said pressure mandrels being displaceable between a passive,
withdrawn lockable position where the tap shoes are configured 1o be localed al a
distance from the surface of the main shaft and an advanced lockable position
where the tap shoes are configured to be engaged with the main shaft

Considerable Hlexibility is hereby attained with respect {o the main shaft
fixture's use for the ixing of main shafts with different geomelries on wind iurbines,
since solely the degree of movability of the pressure mandrels and the size of the
main shaft fixture pose imiting factors for the usability of such. The main shaft
fixture is thus both usable for fixing of cylinder-shaped shafts with different
diameters and for the fixing of shafts with conical shapes. The main shaft fixiure
according to the invention is multi-part, and may be mounted on permanent
structural parts, preferably the botiom frame of the nacelle, while the rolor of the

wind turbine is in operation.

With the intent of being able 1o use a seli-hoisting crane with a ground-based
winch together with the main shaft fixture according to the invention, it may
comprise mounting facilities for a self-hoisting crane whose winch is placed on the
ground surface ground near the foot of the wind trbine.

The advance thereof iz that the establishment of facilities for the fixing of the
wind turbing's main shatt, as well as the establishment of mounting facilities for the
self-hoisting crane with a ground-based winch, take place simultanecusly, which
saves work processes, and space, which are of great importance, a8s the space in
the nacelle in a wind wrbine are most often narrow, and furthermore the main
shaft ixture as well as the mounting facilities for a seli-hoisting craneg in the nacelie
normally utilise the same permanent structural parts in the nacelle for anchoring.

With the intent of ensuring easy and rapid establishment of the self-hoisting
crane, which requires the hoisting of snalch blocks with wires originating from the
ground-tased winch with a lightweight crang which is mounted on stable struciural
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parts in the nacelle, the main shall fixture may comprise mounting facilities for a
lightweight crane.

For the purpose of securing the rapid fixing of the main shaft using the main
shatft fixture according to the invention, the pressure mandrels may be provided
with actualors for displacing and retaining the tap shoes in the passive position
and the active position, raspeactively, allematively in a selectable position belwesn

the passive and the gctive position.

Time is thereby saved in the displacement of the tap shoes between the

passive position, and the active position pressed against the main shaft's suriace.

In a more simple form of embodiment of the main shaft fixture according o
the invenhtion, the pressure mandrels may be comprised of threaded bolis whose
free ends facing the main shaft are furnished with tap shoes, where the threaded
bolts work together with threaded holes in relevant seclions of the fodure. The
pressure mandrels with the tap shoes are hereby displaced by manual tuming of

the threaded bolis between the passive position and the active position.

With the intent of being able o permit rotation of the main shaft during
performance of servicing of a relevant wind lurbine and in order o protect the main
ghait and the main shaft fixture, a slide lining may exist between the opposing

sides of the main shalt's surface and the {ap shoes.

This enables the main shaft (o be fixed in its position by the main shaft
fixture, but with the main shaft being permitted {o rolate without it being damaged
due o the presence of the shide lining.

In a first embodiment of the slide lining, this could consist of the free ends of
tap shoes facing against the main shalt being furnished with slide plates, which in

the active extended position are engaged with the main shaft.
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in a further embodiment, the main shalt fxture may according to the
invention comprise a multi-part shide plate working in conjunction with the main
shaft to be mounted on the main shaft, where the multi-part slide plate in is

mounted state on the main shaft cooperates with the tap shoes.

This enables the tap shoes on the main shafl fixture's pressure mandrel o
slide directly on the multi-part slide plate, in the event of a possible rotation of the
main shaft caused by the effects of wind on the blades. The tap shoeas on the main
shaft fixiure's pressure mandrels may cooperate with the muilli-part slide plate on
the main shaft, with or without slideway linings on the opposing sides of the tap
shoes facing the main shaft.

In a further embodiment of the main shatlt fixiure as per the invention, it may
comprise a multi-part needle bearing, roller bearing, ball bearing, consisting of a,
multi-part inner ring, fastened on the main shall, and a therewith cooperaling multi-
part ouler ring consisling a number of bowed sub segmenis according to the
number of tap shoes mountad on the opposing side of the tap shoes facing the
mulli-part inner ring, which in the advanced active position of the pressure
mandrels form the ouler ring at a distance from the external periphery of the multi-
part inner ring, and where a suitable number of needie rollers, rollers or balls are
placed between the inner ring and outer ring, and where means are prasent for
refaining the needies, rollers, or balls in position betweaen the inner ring and outer

ring.

An actual temporary bearing connection is hereby formed between the main
shaft fixture and the main shaft, about which the main shait is able o rolate.

With the intent of being able to fix the rotor on the wind turbine after it has
been braked to a stop, the main shaft fixture according to the invention, may
comprise a rotor lock, for fixing the wind wrbine's rotor.

In a preferred embodiment of the rotor lock, it is comprised of a flangs,
whose bolt circle geomelry corresponds 10 a bolt circle geomelry on the rotor, said
flange element being fastenead at the ends o the first end of two first beam-shaped
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brackets extending parallel with, and on each side of the main shafi, said beam
shaped brackets belonging o the main shaft fixture, and where the other end of
the brackets are pivolally mounted with horizontally oriented bolt conneactions, on
other brackels belonging 1o the main shalt fixture, which are anchored on the

bottom frame of the nacelle.

it is hereby achieved that the rotor can be fixed by introducing a bolt through
one or more of the overlapping holes in the boll ¢ircles on the flange fastened (o

the bottom frame and the boli circle on the rotor, respectively.

With the intent of being able to perform replacement of the shafl's main
bearing, without being forced o dismount the main shall, the main shaft fixture
may furthermore comprise at least a second actualor, betweaen the nacelie’'s
bottom frame and the opposing side of the first beam-shaped brackets facing such
and the nearest rotor fock, where the other actuator is movable belween a first
passive outer posilion and an active ocuter position whereby the flange element is

rmovad vertically.

This enables the main shafl 1o be able {0 be raised from s bearing hanging
inn the rotor lock, such that the main bearing of the shalt can be replaced or

serviced without the necessily of ramoving the shatft from the nacelle.

The invention is explained in further detail in the following with reference to

the drawing, wherein;

Fig. 1 is a perspective view of parts of a wind turbine's nacelle, presenting
the nacelle's bottom frame, the wind turbine's main shaft, and a main shatft fixture
according to the invention, with a lightweight crane and a self-hoisting crane
mounted,

Fig. 2 is a more detailed perspective view from another angle of what is
shown in fig. 1, where the main shaft is made transparent, presenting the pressure
mandrel with tap shoe belonging to the main shaft fixture according to the
invention,
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Fig. 3 is a more detailed perspective view from another angle of what is
shown in fig. 1, presenting the actuators for raising the main shaft, where the main
shaft is made transparent,

Fig. 4 is a detailed perspective view of the main shatft fixture for a wind
turbine, where the tap shoes and the main shaft are furnished with slide plates,
and

Fig. 5 is a detailed perspective view or the main shaft fixture for a wind
turbine, where the slide plates are replaced by a mulii-pari needie bearing/roller
bearing/ball bearing consisting of a multi-part inner ring fastened o the main shaft
and a therewith cooperating multi-part ocuter ring consisting of bowed subssgments
of the number of tap shoes mounted on the opposing side of the tap shoes facing
the inner ring.

In fig. 1 a bottom frame 2 is seen in a nacelle (not shown) on a wind turbine
(not shown), where the main shaft 4 of the turbine, with gear box 6 and the rotor 8
are shown, and where the main shatft fixture 10 according to the invention is
shown in the mounted state, bearing a lightweight crane 12 and a self-hoisting
crane 14 with a ground-based winch (not shown), respectively. The bottom frame
2 has for reasons of clarity been made transparent.

The main shatft fixture 10 is in the shown embodiment shown anchored to the
bottom frame 2 near the gear box 6 and near the rotor 8, and comprises a multi-
part frame 14, which together with a cross member 16 fastened on it encloses a
part of the main shaft 4 between the rotor 8 and the gear box 6. The multi-part
frame 14 is anchored on the bottom frame 2.

In fig. 2 is shown what are seen in fig. 1, but as an end picture, seen from the
rotor side of the shaft 4, and where the rotor 8 for reasons of clarity has been
made transparent. As it appears from fig. 2, the multi-part frame 14 and cross
member 16 comprise in total four pressure mandrels 18 symmetrically placed
around the main shaft 2, with tap shoes 20, that are engaged onto the main shaft 4
in order to fix such in place.

The pressure mandrels 18 may be comprised of hydraulically driven pistons
whose free ends comprise the tap shoes 20, but may also be executed in other
manners, where they are moved manually between the active position where the
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tap shoes 20 are engaged with the main shaft 4 and the passive, withdrawn
position.

As it appears from fig. 3, the main shatft fixture 10 comprises two parallel
passing first beams 22 on each side of the main shaft 4, in the first ends of which,
nearest to the rotor 8, a rotor lock is fastened in the form of a flange element 24,
the hole circle 26 geometry of which is similar to the hole circle 28 geometry on the
rotor 8 over a part of the periphery of the rotor. Locking of the rotor 8, the holes 7
in the rotor 8 and the holes 9 in the flange element 24 are brought to overlap, and
subsequently bolts are inserted through the overlapping holes, which are tightened
with nuts, after which the rotor 8 is fixed/locked by the flange element 24.

The other end of the parallel passing first beams 22 are nearest to the gear
box 6 are pivotally anchored on horizontally oriented bearing bolt 30, on a bracket
32, which is fastened to the bottom frame 2. The parallel passing first beams 22
are mutually connected with second cross members 34, on which bracket facilities
23 are seen for a self-hoisting crane 14 with a ground-based winch (not shown).

As it appears in fig. 3 and fig. 1 show, an actuator 36 is located between the
bottom frame 2 and the parallel passing first beams 22. Activation of the actuator
36 will result in a change of the distance between the bottom frame 2 and the first
beams 22, in which the flange element 24 is suspended, which will cause the
flange element 24 and the rotor 8 and thereby the main shaft 4 to be raised, which
will result in the possibility to replace the main shaft's bearing 38 without the
necessity of hoisting the main shaft 4 down to the ground, which is quite time-
saving when the main shaft bearing 38 has to be repaired or replaced.

In fig. 1 it is moreover shown how the main shatft fixture 10 comprises
mounting facilities 40 for the lightweight crane 12.

in fig. 4 is shown an embodiment of the main shaft fbdure according to the
invention, which is specially suiled for use for fixing the wind twrbine's main shalt 4
inn position on the nacelle, but where rotation of the main shaft 4 is possible, in the
active position of the pressure mandrels/tap shoes (18, 20), engaged with the

main shafl.
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As shown in fig. 4, a slideway lining 42, 44 is located between the opposing

sides of the tap shoes 20 facing the surface of the main shaft 4.

The slideway may be comprised of slide plates 42 that are fastened o the
opposing free ends of the tap shoes 20 facing the main shait 4, which in their
aclive advanced posilion are engaged with the main shaift 4, but which
alternatively may comprise a multi-part slide plate 44 cooperative working with the
main shaft 4, for mounting on the main shaft 4, said mulli-part slide plate 44 inils
mounted state on the main shaft 4 cooperates with the tap shoes 20, it must be
stated that the presence of the multi-part slide plate 44 on the main shaft 4 does
not necessarily exclude the presence of the slide plates 42 and the {ap shoes 20.

in a further embodiment, the main shatft fixture 10 consists of a multi-part
needie bearng/roller bearing/ball bearing 46, comprised of a multi-part inner ring
48 fastened on the main shafl as well as, a cooperating multi-part outer ring 50
consisting of bowed subsegments 52 of the number of {ap shoes mounted on the
opposing side of the tap shoes 20 facing the inner ring 48, which in the advanced
position of the pressure mandrels form the outer ring 50 at a distance from the
outer periphery of the multi-part inner ring 48, and where an appropriate number of
needle rollers, rollers, or balls 54 {in the shown embodiment rollers 54) are
arranged between the inner ring 48 and the ouler ring 50, and where means (not
shown)} are present for retaining the needles/rollers or balls (54} in position

between the inner ring 48 and outer ring 50.

The means mentioned for fastening of needie rollersirollers/balis 54 may
consist of cooperating edge delineators in opposing sides of the inner ring 48 and
ouler ring &0, altermnatively of a means of holding between which the needie

rollers/rollers/halis 54 are fasienad.

The presence of the slide lining 42, 44, alternatively the multi-part needlie
bearing, roller bearing, ball bearing 46, involves the main shaft 4 being permitted
to rotate simultaneously with it being fixed in its position during servicing of the

wind turbine, which can serve a purpose namely for larger wind turbines.
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The inventor has recognised that the main shaft fixture 10 can assume other
embodiments than disclosed in the preceding and shown in the figures, however
such do not change the inventive aspect that consists of specifying a main shaft
fixture 10 of the given type that comprises adjustable pressure mandrels 18 with
tap shoes 20, which causes the fixture 10 to be usable regardless of the geometry
of the main shaft 4 on a wind turbine, and thus that such can be mounted without
fixing the rotor 8 in place, and furthermore of combining the main shatft fixture with
facilities 40 for mounting of a lightweight crane 12 and a self-hoisting crane 14 with
a ground-based winch, respectively, as well as a rotor lock 24 and finally of
furnishing the main shatft fixture 10 with actuators 36, enabling the main shaft 4
and the main shaft bearing 38 to be raised sufficiently from its bearing in the
nacelle that it can be serviced or replaced.
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CLAIMS

1. Main shaft fixture {10) for fixation of 2 main shait {4} on a wind turbine
during execution of installation and repair work on heavy parts of a wind turbineg,
where the fixture (10} is divided up into a number of seclions for mounting on
stable structural parts (2) struciural parts in a nacelie in a wind twrbine, including
the bottiom frame (2) of the nacelle,characterised in,thatthe main
shalit fixture (10) comprises at least three radial displaceable pressure mandrels
{18}, substantially symmetrical localed around the centre axis (11) of the main
shatt, the ends of said pressure mandrels (18} facing the main shaft (4) are
furnishaed with a tap shoe (20}, and said pressure mandrels (18) being
displaceable between a passive, withdrawn lockable position where the tap shoes
(20) are configured to be localed at a distance from the surface ¢of the main shalt
{4} and an advanced lockable position where the tap shoes (20} are configured 1o
be engaged with the main shaft (4).

2. Main shalt fidure (10}, accordingloclaimt,characteris e d
i n, that it comprises mounting facilities for a self-hoigting crane (14), the winch of
which i3 localed on the ground surface near the foot of the wind turbine.

3. Main shaft fixture (10}, accordingtoclaimior2,charactevrised
i n, that it comprises mounting facilities (40) tor a lightweight crane (12).

4. Main shatt fixture (10}, according to any one of the claims 1-3,
chavacterised in,thalthe pressure mandrels (18} is provided with
aciuators for displacing and retaining the tap shoes (20} in the passive position
and the active position, respectively, allematively in a selectable position between

the passive and the actlive position.

5. Main shatft fixture (10), according to any one of the claims 1-3,
chavracterised in,thatthe pressure mandrels (18) consists of
threaded bolts whose opposing free ends facing the main shafl are furnished with
tap shoes (20}, and said threaded bolis cooperales with threaded holes in relevant
sections of the fixture (104},
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6. Main shaft fixdure (10}, according o any one of the claims 1-5,
characterised by a slideway lining (42, 44) being localed between the opposing

sides of the surface of the main shaft and tap shoes.

7. Main shaft fixture (10) accordingtoclaim8,characterised in,
that the slideway lining is configured so that of the opposing free ends of the tap
shoes (2¢) facing the main shall {4} are provided with a slide plate {42) which in

the active advanced position is engaged with the main shaft (4).

8. Main shaft fdure (10) accordingtoclaim8or7, characlerised
i n, that it comprises a multi-part slide plate (44) cooperating with the main shaft
{4} for mounting on the main shaft (4}, where the mulli-part slide plate {44} in its

mounted position on the main shaft (4) is cooperating with the tap shoes (20).

9. Main shaft fixture (10} according to any one of the claims 1-5,
characterised in,thatit comprises a mulli-part needle bearing, roller
bearing, ball bearing (46) consisling of a multi-part inner ring (48) {astened 1o the
main shalt (4}, and a therewith cooperating multi-part outer ring (50) consisting of
bowed subsegmenis (52) corresponding o the number of tap shoes, mounted on
the opposing side of the tap shoes {(20) facing the inner ring {48}, which in the
advanced active position of the pressure mandrels form the cuter ring (80} at a
distance from the outer periphery of the mulli-part inner ring {(48), and wherg an
appropriate number of needie rollers, rollers, or balls (84) are arranged between
the inner ring (48} and the outer ring (50}, and where means are present for
retaining the needles, rollers, or balls (B4) in position between the inner ring (48)
and ouler ring {50).

10. Main shaft fixture (10}, according to any one of the claims 1-9,
characterised in,thatil comprises arotorlock {24) for fixalion of the
rotor {8) of the wind turbine.
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11. Main shaft fixture (10), according o clam i, characteris e d
i i, that the rotor lock (24} consists of g flange element, whose bolt circle
geometry {26} corresponds o a bolt circle geometry (28} on the rotor, said flange
element (24) being fastenad al the ends to the first end {21) of two first beam-

5 shaped brackeis {22) extending parallel with, and on sach side of the main shalt,
said beam shaped brackets (22} belonging to the main shalt fixture, and where the
other end (23) of the brackets (22} are pivotally mounted with horizontally oriented
bolt connections {30), on other brackels (38) belonging to the main shalt fixture
{10). which are anchored on the bottom frame (2) of the nacelie.

10
12, Main shaft fixture (10), according toclaimtt,characterised
i nn, that at least one actuator (368} is located nearest the rotor lock (24) between
the botlom frame {2} of the nacelle and the adjacent side (25) of the firsi beam-
shaped bracketls {(22) facing the botiom frame (2}, said actuator {(36) is
15 displaceable belween a first passive outer position and an aclive outer posilion

where the flange element {24) is displaced vertically.
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