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

WWww.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/423,980 07/19/2021 Robert B. Wilcox 118508/US01/ 4184
PCTNS/180639P
20270 7590 01/30/2024 | XANINGR |
K&L Gates LLP - Howmet Aerospace Inc.
K&L Gates Center DELISLE, ROBERTA S
210 Sixth Avenue
Pittsburgh, PA 15222-2613 | ART UNIT | paperNUMBER |
3677
| NOTIFICATION DATE | DELIVERY MODE |
01/30/2024 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

uspatentmail@klgates.com

PTOL-90A (Rev. 04/07)

Meishan v. Howmet
IPR2026-00268
Ex. 1003-001



UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION NO.

ISSUE DATE

PATENT NO.

17/423,980

K&L Gates LLP - Howmet Aerospace Inc.

K&L Gates Center
Pittsburgh, PA 15222-2613

30-Jan-2024

11885358

EGRANT NOTIFICATION

Your electronic patent grant (eGrant) is now available, which can be accessed via Patent Center at https://

patentcenter.uspto.gov

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit

https://www.uspto.gov/electronicgrants

page 1 of 1
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/423,980 01/30/2024 11885358 118508/US01/PCTNS/180639P 4184
29270 7590 01/10/2024

K&L Gates LLP - Howmet Aerospace Inc.
K&L Gates Center

210 Sixth Avenue

Pittsburgh, PA 15222-2613

ISSUE NOTIFICATION

The projected patent number and issue date are specified above. The patent will issue electronically. The
electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed
on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in
both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent,
or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197.

The USPTO is implementing electronic patent issuance with a transition period, during which period the
USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of
record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the
USPTO’s Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center
may be reached at (800)972-6382.

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 361 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 Center (https://
patentcenter.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 Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

IR103 (Rev. 10/09)
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INVENTORC(s) (Please sce PATENT CENTER site https:/patentcenter.uspto.gov for additional inventors):

Robert B. Wilcox, McGregor, TX;
James Thomas Smith, Crawford, TX;
Troy Don Pierce, Hewitt, TX;

APPLICANT(s) (Please sce PATENT CENTER site https://patentcenter.uspto.gov for additional applicants):

HOWMET AEROSPACE INC,, Pittsburgh, PA;

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 SelectUSA.gov.

IR103 (Rev. 10/09)
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PART B - FEEG) TRANSMITTAL
Coraplete and sead 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.Q. Box 1450
Alexandria, Virginia 22313-1450
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE
Al further corres e will be mailed to the current correspondence address as indicated ccted below or directed otherwise in Block 1, by (a) specifving a new
correspondence address; and/or (B) indicating a separate "FEE ADDRESS" for maintenance fee notifi ;. Because electronic patent issuance may secny %hq;rﬂ.lv ‘after issue
fee payment, any desived continuing application should preferably be filed prior to payment of this issue fee in order not {0 jeopardize copendency.
an only be used for domestic mailings of the
ate cannot be usej for any Qﬂ:‘(tl R ‘n_ompdnymg

{if *t‘qtli\'ed) Blocks 1 through 3 should be completed where appropriaie.

) Tmnx-nmal This ¢
s. Pach additional p
have its own certificaie of

CURRENT CORRESPONDENCE ADIRESS {Note: Use Block 1 for any change of address)

2?2'7{ 1590 110912023 Certificate of Mailing or Transmission
K&L Gates LLP - Howmet AﬁTOSFdCC Tnc. 1 heveby certify that this Fe Transmitral 18 being deposited with the United

K&E Gates Center States Postal Service with s age for first class mail in an envelope
P ¥ ¢ addressed to the Mail Stop I8S address above, or being wansmitted to
210 Sixth Avenue the USPTO via EFS-Web or by facsimile to (571) 273-2885. on the date below.

Pittsburgh, PA 15222-2613

{Typed or printed saine)

(Signatie)

(Date)
APPLICATION KO, FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NQ. CONFIRMATION NG,
17/423 980 (7/19/2021 Robert B. Wilcox 118508/0S01/ 4184
TITLE OF INVENTION: BLIND FASTENER AND METHOD OF INSTALLATION THEREQFE PCTNS/1805358

i APPLN. TYPE ENTITY STATUS i E PUBLICATION FEE DUE I PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
aonprovistonal UNDISCOUNTED $0.00 SO.00 51200 02/09/2024
E EXAMINER 5 ART UNIT E CLASS-SURCLASS E
DELISLE, ROBERTA S 3677 411-043000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CER 1.363). (11 The names of up to 3 registered patent atforneys
1 The name » 3 register {6e
Then . . ddress for Ch e or agents OR. alternatively. 1 K&L Gates LLP
Change of correspondence address (or Change of Correspondence \ e - havis :
Address form PTO/AIAZ2 or PTO/SB/122) attached. The name « te f“m,‘“” g .
d atioraey and the r 2
_j s e - . e iy epistered patent A[EUl"l"Vb or agents. H no name i3
led “Fee Address” indication (or "Fee Address” Indication form PTO/ sted, no name will be pr inted. .

AIAAT or PTOYSEI/AT, Rev (03-02 or more recent) attached. Use of a
Customer Number is veguired.
3. ASSIGNEE NAME AND RESIDENCE DATA TC BE FRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is idex 1%@6 below, no assignee d
recorded, or filed for recordation, as set hin 37 CFR 3.11 and 37 CFR 3.81(a). L,ompmuen of this form i

(A) NAME OF ASSIGNEE (8 RESIDENCE: (CITY and STATE OB COUNTRY)
HOWMET AEROSPACE INC. PITTSBURGH, PENNSYLVANIA

Please check the appropriate assignee category or categoeries {will not be printed on the patent; : L Individual 28 Corporation or other private group entity 4 Government

i will appear on the patent. I an assignee is identified below, the document must have been previousty
JOT a substitute for fmng ap assigninent.

4a. Fees submitred: Rissue Fee fmdPubicat
4b. Method of Payment: (Please first reapply any previously paid fee shown above}

jon Fee (if required)

E Flectronic Payment via Patent Center or BFS-Webs Ld Enclosed check L} Non-elecironic payment by credit card {(Attach form PT(-2038)

5. Change i Endity Statas (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status {(see forms PTO/SB/15A and 15R), issue
fee payment in the micro entity amount will not be accepted at the visk of application abandopment.
NOTE: If the application was previcusly under micro entity status, checking this box wil be taken
to be a notification of loss of entitlernent to micro entity status.

NOTE: Checking this box will be tak
entity status, as applicable.

L4 Applicant certifying micro entity status. See 37 CFR 1.29

i

bk Applicant asserting small entity status. See 37 CFR 1.27

en to be a notification of 1oss of entiflewment to small or micro

g 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 /Robert J. SQV@SKW vae  November 30, 2023
Typed or printed name Robert J. Sovesky Registation No. {3, 7 98

Page20f3
PTOL-83 Part B (08-18) Approved for use through 03/31/2020 OMR 06351-0033 .S, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Petitioner's Ex. 1003-005
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118508/US01/PCTNS/180639P

ATTORNEY DOCKET #

04PMZET

08:

RECEIPT DATE / TIME
11/30/2023 03

APPLICATION #
17/423,980

Title of Invention

BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

Application Information

PATENT #

U.S. National Stage under 35

APPLICATION TYPE  Utility

USC 371

FILED BY Amanda Kernan

CONFIRMATION # 4184

FILING DATE (07/19/2021

PATENT CENTER # 63440193

FIRST NAMED Robert B. Wilcox

CUSTOMER # 29270

INVENTOR

INTL. FILING DATE

INTL. APPLICATION #

AUTHORIZED BY Robert Sovesky

ADDRESS

CORRESPONDENCE

1

TOTAL DOCUMENTS

Documents
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This Acknowladgemend Recsipt evidencss receipt on the noled dale by the USPTG of the indicated documents, characterizad
by the applicant, and including pags -:.ouni;\ where apy a8 gvidence of receipt sinuiar to a Post Card, as
described in MPER 501

¢

New Applications Under 38 LLS.C 11

i & new :ﬁ"p!icaiir’-ﬂ is being filed and the apglication inciudes tha necessary components for filing date (see 37 CFR 1 .83(b-{h
506}, a Filing Receipt (37 GFR 1.54) will ba issued in dus courss and the date shown on this Acknowledgement
Hecai;:)t will estabiish the filing dale of the application

National Stage of an international Application under 38 U8.C. 374
i a timely submission fo enter the nalional stage of an inlernational application is f‘f)mp fiant with re mnf‘-isoe 3 m IS5 URC

371 and other applicable requiremenis a Form PCT/DOEDR0S indicat
submission under 35 U.S.C. 371 will be issued in addition in the F

New International Application Flled with the USPTO as 2 Recelving QOffics

# a new international appiication is baing fHled and the international spplication includes the nacessary componeanis foran
international filing date {see POT Article 11 and MPEP 1810}, a Notification of the international Application Number and of the
international Filing Date (Form POT/RO/MTOE) will be ssued in dus course, subject to praseriptions concerning national security,
and the date shown on this Acknowledgement Raceipl will esiablish the international filing date of the application.

Petitioner's Ex. 1003-007
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i a new application s being filed and the application includss the necessary components for fillng date (ses 37 OFR 1.83(0)-{dh
and MPER 508), a Filing Receipt (37 CFH 1.54) will ba issued in dus courss and the gate shown on this Acknowledgement

Receipt will astabiish the filing date of the application

National Stage of an infernational AppHeation under 38 U8S.0. 3N

# & iimely submission o enter the national stage of an intermational application is compliant with the conditions of 38 L.8.C.
371 and sther applicalde requiraments a Form POT/DOEGANS indicating scceptancs of the application as a national siage
subrnission under 35 UL8.C. 371 will be lssued In addition {0 the Fiing Recaipl, In dus coursa.

New international Application Filed with the USPFTO as a Recsiving Office

i a new international application is being Hed and the internatlional application inclides 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 Fillng Dade (Form POT/RGMANS) will be ssuad in due course, subject to prescriptions concarning national secunty,
and the dale shown on this Acknowledgement Hecsipt will esiablish the international filing dals of the application.

Petitioner's Ex. 1003-009



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.USpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
29270 7590 11/09/2023

K&L Gates LLP - Howmet Aerospace Inc. DELISLE, ROBERTA §

K&L Gates Center

210 Sixth Avenue | ARTONIT | parssovse |

Pittsburgh, PA 15222-2613 3677

DATE MAILED: 11/09/2023
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/423,980 07/19/2021 Robert B. Wilcox 118508/US01/ 4184
PCTNS/180639P

TITLE OF INVENTION: BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

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

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 02/09/2024

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 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted 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. 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.

IIT. 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 available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3

PTOL-85 (Rev. 02/11)

Petitioner's Ex. 1003-010



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 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. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.

Note: A certificate of mailing can only be used for domestic mailings of the

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

29270 7590 1110972023 Certificate of Mailing or Transmission
K&L Gates LLP - Howmet AETOSpace Inc. 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
K&L .Gates Center addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
210 Sixth Avenue the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Pittsburgh, PA 15222-2613 (Typed or printed name)
(Signature)|
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
17/423,980 07/19/2021 Robert B. Wilcox 118508/US01/ 4184
TITLE OF INVENTION: BLIND FASTENER AND METHOD OF INSTALLATION THEREOF PCTNS/180639P
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 02/09/2024
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
DELISLE, ROBERTA S 3677 411-043000
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

M| Change of correspondence address (or Change of Correspondence

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

registered attorney or agent) and the names of upto 2

O e . P 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

AIA/47 or PTO/SB/47; Rev 03-02 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) : (] Individual [ Corporation or other private group entity (1 Government

4a. Fees submitted: [dissue Fee [ IPublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via Patent Center or EFS-Web [ Enclosed check () 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.

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

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.

| Applicant asserting small entity status. See 37 CFR 1.27

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

| Applicant changing to regular undiscounted fee status. entity status, as applicable.

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.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Petitioner's Ex. 1003-011



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.USpto.gov

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/423,980 07/19/2021 Robert B. Wilcox 118508/US01/ 4184
RCTNS 1206300
| EXAMINER |
29270 7590 11/09/2023
K&L Gates LLP - Howmet Aerospace Inc. DELISLE, ROBERTA §
K&L Gates Center
210 Sixth Avenue | ART UNIT PAPER NUMBER |
Pittsburgh, PA 15222-2613 3677

DATE MAILED: 11/09/2023

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.

Page 3 of 3

PTOL-85 (Rev. 02/11)

Petitioner's Ex. 1003-012



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. 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 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 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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. » 17/423,980 Wilcox et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
ROBERTA S DELISLE 3677 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.

1.4) This communication is responsive to Remarks filed 10/31/2023.
[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 1-20 . 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. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
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* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply 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.

(3O 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.L] 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.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Wilcox, ef al.

U.S. App. No.: 17/423,980 : BLIND FASTENER AND METHOD OF
INSTALLATION THEREOF

371(c) Date: July 19, 2021

Art Unit: 3677

Examiner: Roberta S. Delisle : Attorney Docket No. 118508/US01/

PCTNS/180639PCTUS
Confirmation No.: 4184

RESPONSE TO OFFICE ACTION

VIA EFS-Web

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Applicant submits this Response in reply to the Office Action issued on September
15, 2023 (“Office Action™) for the above-identified patent application (“Subject Application™). In
this Response:

Remarks begin on page 2.

312457167 1
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Attorney Docket No. 118508/US01/PCTNS/180639PCTUS Response to Office Action dated September 15, 2023
Response filed October 31, 2023

REMARKS
L Application Status

Claims 1-20 are pending and were subject to examination in the Office Action.

In the Office Action, the Office rejects claims 1-20 under 35 U.S.C. § 103 as
allegedly unpatentable over U.S. Patent Application Publication No. 2014/0271024 to Jones

(“Jones”).

Applicant respectfully traverses the rejection. Applicant respectfully requests
reconsideration, withdrawal of the rejection, and allowance of the Subject Application. References
herein to numbered paragraphs in the “Specification” refer to the paragraph numbering in U.S.

Patent App. Pub. No. 2022/0120306.

1I. Rejections Under 35 U.S.C. § 103

The Office bears the burden to establish a prima facie case of obviousness in view of
the Graham v. John Deere Co. factual inquiries.! In particular, the Office must (1) determine the
scope and content of the prior art, (2) ascertain the differences between the prior art and the claims
in issue, and (3) resolve the level of ordinary skill in the pertinent art.2 “Once the Graham factual

inquiries are resolved, [the Office] must determine the claimed invention would have been obvious

to one of ordinary skill in the art.””

Independent Claim 1 and 16

Independent claim 1 recites, in part, “the pull region comprises an axial length no

greater than 4 times a diameter of the shank region.” FIG. 1 of the Subject Application, shown

1 See MPEP 2143; MPEP 2144 (citing Graham v. John Deere, 383 U.S. 1, 17-18 (1966)); see also KSR International v.
Teleflex Inc., 127 S.Ct. 1727, 82 USPQ2d 1385 (2007).

2 Seeid.
3 MPEP 2141(11).
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Attorney Docket No. 118508/US01/PCTNS/180639PCTUS Response to Office Action dated September 15, 2023
Response filed October 31, 2023

below, illustrates one non-limiting embodiment of a blind fastener including a pull region

configured as recited in claim 1:

The pull region comprising an axial length no greater than 4 times a diameter of the shank region

can enable the pull region to remain intact after installation, which, in turn, reduces the shock force
occurring during installation. As explained in Paragraph [0018] of the Subject Application,
“[r]educing the installation force requirement and installing without a shock force occurring during
fracture of the mandrel can enable lighter weight installation tools, longer life of installation tool
components, limit damage to the structural components, and enhance ergonomics for operators

using the installation tools.”

The Office concedes on page 3 of the Office Action that Jones does not teach a pull
region comprising an axial length no greater than 4 times a diameter of the shank region. However,
the Office asserts on page 3 of the Office Action that “it would have been obvious to one of ordinary
skill in the art before the effective filing date of the claimed invention, to contrive any number of
desirable ranges wherein the pull region comprises an axial length no greater than 4 times a
diameter of the shank region.” Applicant respectfully disagrees and asserts that the Office’s

reasoning is conclusory and therefore cannot support a prima facie case of obviousness.

Applicant asserts that the Office has not provided “an explanation of why it would
have been routine optimization to arrive at the claimed invention and why a person of ordinary skill
in the art would have had a reasonable expectation of success to formulate the claimed range”, as

would be required by MPEP § 2144.05(I1)(B). The Office merely states that such a configuration

3
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Attorney Docket No. 118508/US01/PCTNS/180639PCTUS Response to Office Action dated September 15, 2023
Response filed October 31, 2023

would have been obvious because “discovering the optimum or workable ranges involves only
routine skill in the art,” and that “discovering an optimum value of a result effective variable
involves only routine skill in the art.” Office Action at page 3. However, these statements are

nothing more than conclusory.

Applicant notes that the Office has not provided any evidence or explanation as to
why it would have been routine optimization to configure a blind fastener such that the pull region
comprises an axial length no greater than 4 times a diameter of the shank region. The Office has
not provided any teaching or suggestion of why or how one of ordinary skill in the art would arrive
at an axial length no greater than 4 times a diameter of the shank region. Similarly, the Office
provides no evidence that the axial length of the pull region is a result-effective variable, such that
one of ordinary skill in the art would have been motivated to change the axial length of the pull
region of the fastener in Jones to achieve the fastener recited in independent claim 1. Accordingly,

the Office has not established a prima facie case of obviousness.

Applicant also asserts that Jones does not teach or suggest every element as recited
in claim 1. For example, Jones does not teach a fastener that comprises a pull region comprising an
axial length no greater than 4 times a diameter of the shank region, as recited in claim 1. For

example, FIG. 3 of Jones is reproduced below.
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As illustrated, Jones” pin 16 comprises a shank 22 and pull groves 36. Jones is silent with respect
to the length of the section comprising the pull grooves 36. However, one of ordinary skill in the art

reviewing Jones would believe that the section comprising the pull grooves is a standard length,
4
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Attorney Docket No. 118508/US01/PCTNS/180639PCTUS Response to Office Action dated September 15, 2023
Response filed October 31, 2023

which has an axial length significantly greater than 4 times a diameter of the shank region.

However, even if the Office concludes that a prima facie case of obviousness has
been established, Applicant asserts that the invention recited in independent claim 1 achieves
unexpected results. As stated above, the pull region of the fastener recited in claim 1 can remain
intact after installation and reduce the shock force occurring during installation. Jones does not
teach this advantage and does not teach or suggest a fastener comprising a pull region comprising
an axial length no greater than 4 times a diameter of the shank region. In fact, Jones explicitly
teaches that “the installation force will break the pin.” Jones at paragraph [0025]. Thus, the pull
region comprising an axial length significantly greater than 4 times a diameter of the shank region
as recited in claim 1 achieves results that would not have been achieved by or expected from Jones.
Accordingly, any prima facie case of obviousness that may have been established is rebutted by the

unexpected results achieved by the claimed invention.

The arguments herein for the patentability of claim 1 apply with similar or equal
force to independent claim 16. Additionally, claims 2-15 and 17-20 are allowable at least because
each directly or indirectly depends from independent claim 1 or 16, as the case may be.
Accordingly, Applicant respectfully submits that the present Response fully addresses the § 103
rejection directed to claims 1-20, and Applicant respectfully requests that the office withdraw the

rejection.

Dependent Claims 4 and 18 are Separately Patentable

Applicant further notes that dependent claim 4 recites that “the pull region comprises
a taper extending from the shank region.” As explained in paragraph [0035] of the Subject
Application, such a taper can reduce the potential stripping of the grooves of the pull region due to
crest-to-crest engagement, which can be particularly important when the size of the pull region is
reduced because there are fewer threads/grooves that will be engaged by an installation tool. The
pull region in Jones does not comprise a taper as recited by dependent claim 4. Accordingly, Jones

does not teach or suggest every element of dependent claim 4.
The arguments herein for the patentability of claim 4 apply with similar or equal

force to dependent claim 18. Accordingly, Applicant requests withdrawal of those rejections.
5
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Attorney Docket No. 118508/US01/PCTNS/180639PCTUS Response to Office Action dated September 15, 2023
Response filed October 31, 2023

VI. Conclusion

Applicant submits that the claims of the Subject Application as presented herein are
in condition for allowance. Applicant respectfully requests reconsideration and allowance of the

Subject Application.

Applicant is not conceding that the claims of the Subject Application in their prior
forms are not patentable. Applicant submits the present amended claims only to facilitate
expeditious prosecution of the Subject Application. Applicant reserves the right to present the prior
claims and other claims in continuing applications, subsequent responses, and/or appeal or pre-
appeal proceedings. This Response should not be taken as acquiescence to any of the specific
rejections, assertions, statements, and the like, presented in the Office Action that Applicant has not
explicitly addressed herein. Applicant reserves the right to specifically address all such rejections,
assertions, and statements in continuing applications, subsequent responses, and/or appeal or pre-

appeal proceedings, if necessary.

If the undersigned can be of assistance to the Office in addressing any additional
issues to advance the application to a condition of allowance, please contact the undersigned at the
number set forth below. The Office is hereby authorized to charge any underpayment of fees, or

credit any overpayments, to Deposit Account No. 02-1818.

Respectfully submitted,
Date: October 31, 2023

/Robert J. Sovesky/

Robert J. Sovesky
Registration No. 73,798

K&L GATES LLP

K&L Gates Center

210 Sixth Avenue

Pittsburgh, PA 15222-2613
Tel: (412) 355-8332

Robert. Sovesky@klgates.com
robert.sovesky@klgates.com
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Wilcox, ef al.
U.S. App. No.: 17/423,980
371(c) Date: July 19, 2021
Art Unit: 3677

Examiner: Roberta S. Delisle

Confirmation No.: 4184

VIA ELECTRONIC FILING

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

Alexandria, VA 22313-1450

BLIND FASTENER AND METHOD OF
INSTALLATION THEREOF

Attorney Docket No.
118508/US01/PCTNS/180639PCTUS

October 31, 2023

AMENDMENT TRANSMITTAL

1. Transmitted herewith is an amendment for this application.

2. Applicant is

STATUS

|:| A statement that this filing is by a small entity is hereby asserted in
accordance with the rule change effective September 8, 2000, 65 Fed. Reg. 54603.

& other than a small entity.

316943876.1
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EXTENSION OF TERM

NOTE: “Extension of Time in Patent Cases (Supplement Amendments) - If a timely and complete response has been filed after a
Non-Final Office Action, an extension of time is not required to permit filing and/or entry of an additional amendment after
expiration of the shortened statutory period.

If a timely response has been filed after a Final Office Action, an extension of time is required to permit filing and/or entry
of a Notice of Appeal or filing and/or entry of an additional amendment after expiration of the shortened statutory period
unless the timely-filed response placed the application in condition for allowance. Of course, if a Notice of Appeal has
been filed within the shortened statutory period, the period has ceased to run.” Notice of December 10, 1985 (1061 O.G.
34-35).

NOTE: See 37 CFR 1.645 for extensions of time in interference proceedings, and 37 CFR 1.550(c) for extensions of
time in reexamination proceedings.

3. The proceedings herein are for a patent application and the provisions of 37 CFR 1.136 apply.
(complete (a) or (b), as applicable)

(a) |:| Applicant petitions for an extension of time under 37 CFR 1.136
(fees: 37 CFR 1.17(a)-(d) for the total number of months checked below:

Extension Fee for other than Fee for
(months) small entity small entity
(] one month $ 220.00 $ 88.00
[ ] two months $ 640.00 $ 256.00
[ ] three months $1,480.00 $ 592.00
[_] four months $2,320.00 $ 928.00
Fee: $

If an additional extension of time is required, please consider this a petition therefor.

(check and complete the next item, if applicable)

|:| An extension for months has already been secured and the fee paid
therefor of $ is deducted from the total fee due for the total months of
extension now requested.

Extension fee due with this request $
OR

(b) X Applicant believes that no extension of term is required. However, this conditional
petition is being made to provide for the possibility that applicant has inadvertently
overlooked the need for a petition for extension of time.

Amendment Transmittal -page 2 of 4
316943876.1
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FEE FOR CLAIMS

4. The fee for claims (37 CFR 1.16(b)-(d) has been calculated as shown below:
OTHER THAN A
(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY
CLAIMS
REMAINING HIGHEST NO
AFTER PREVIOUSLY PRESENT ADDIT. ADDIT.
AMENDMENT PAID FOR EXTRA RATE FEE OR RATE FEE
TOTAL 20  MINUS 20ee =0 X40= $0 X100=  $0
INDEP. 2¢ MINUS 3eee =0 X192= $0 X480=  $0
] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM ~ +344= $0 +860= $0
TOTAL OR  TOTAL
ADDIT. ADDIT.
FEE $0 FEE  $0

If the entry in Col. 1 is less than entry in Col. 2, write )" in Col. 3.

If the “Highest No. Previously Paid for” IN THIS SPACE is less than 20, enter “20.”

If the “Highest No. Previously Paid for” IN THIS SPACE is less than 3, enter “3.”
The “Highest No. Previously Paid for” (Total or indep.) is the highest number found in the appropriate box in Col. 1 of

a prior amendment or the number of claims originally filed.

WARNING
requirement of form which has been made.” 37 CFR § 1.116(a) (emphasis added).
Complete (c) or (d), as applicable)
(©) X No additional fee for claims is required.

C)

oo O

316943876.1

OR

Total additional fee for claims required $

“After final rejection or action (§ 1.113) amendments may be made cancelling claims or complying with any

FEE PAYMENT

Attached is a check in the sum of $

Charge Account No. the sumof §

Amendment Transmittal -page 3 of 4
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FEE DEFICIENCY

NOTE: |If there is a fee deficiency and there is no authorization to charge an account, additional fees are necessary
to cover the additional time consumed in making up the original deficiency. If the maximum, six-month
period has expired before the deficiency is noted and corrected, the application is held abandoned. In those
instances where authorization to charge is included, processing delays are encountered in returning the
papers to the PTO Finance Branch in order to apply these charges prior to action on the cases.
Authorization to charge the deposit account for any fee deficiency should be checked. See the Notice of
April 7, 1986, (1065 O.G. 31-33).

6. & If any additional extension and/or fee is required, charge Account No.

02-1818.
AND/OR
7. If any additional fee for claims is required, charge Account No.
02-1818.
/Robert J. Sovesky/
SIGNATURE OF ATTORNEY
Reg. No.: 73,798 Robert J. Sovesky

(type or print name of attorney)
Tel. No.:  412-355-8332

Customer No. 29270 K&L Gates LLP
P.O. Address
K&L Gates Center
210 Sixth Avenue
Pittsburgh, PA 15222-2613

Amendment Transmittal -page 4 of 4
316943876.1
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Application No. Applicant(s)

17/423,980 Wilcox et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
ROBERTA S DELISLE 3677 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderce 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) Responsive to communication(s) filed on 7/19/2021.
O A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) [v] This action is non-final.

3)(OJ 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)[O 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 £Ex parte Quayfe, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-20 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (O Claim(s) ___ is/are allowed.
7) Claim(s) 1-20 is/are rejected.
8) [0 Claim(s) ___is/are objected to.
9) O 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)(0J The specification is objected to by the Examiner.
11)¥ The drawing(s) filed on 7/19/2021 is/are: a)# accepted or b)(J 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)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)o Al 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.

3.0 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.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [J Other:
Paper No(s)/Mail Date E—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20230829
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Application/Control Number: 17/423,980 Page 2
Art Unit: 3677

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.

2. Claim Status:

a. Claims 1-20 Pending
3. Prior Art Reference:
b. Jones USPAP 2014/0271024 A1

Claim Rejections - 35 USC § 103
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 1-20 are rejected under 35 U.S.C. 103 as being unpatentable over

Jones (USPAP 2014/0271024 A1).

Regarding claim 1, Jones discloses a blind fastener (abstract) comprising:
a sleeve (12) comprising a first sleeve end (40; fig. 8),
a second sleeve end (38; fig. 8),
a cavity (14) extending from the first sleeve end (40) to the second sleeve end

(38); and
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a mandrel (16; figs. 3-4) configured to be at least partially received by the cavity
(14) of the sleeve (12), the mandrel (16) comprising

a first mandrel end (18) disposed adjacent to the first sleeve end (40) and
comprising an enlarged portion (figs. 3-4) having a diameter greater (fig. 2) than a
diameter of the cavity (14),

a second mandrel end (20) comprising a pull region (36), and

a shank region (22) extending intermediate the first mandrel end (18) and the
second mandrel end (20),

except for [wherein the pull region (36) comprises an axial length no greater
than 4 times a diameter of the shank region (22)] and is configured to be engaged by an
installation tool (4 [0024]).

Examiner notes that Jones does not explicitly disclose wherein the pull region

comprises an axial length no greater than 4 times a diameter of the shank region.
However, it would have been obvious to one having ordinary skill in the art before the
effective filing date of the claimed invention, to contrive any number of desirable ranges
wherein the pull region comprises an axial length no greater than 4 times a diameter of
the shank region limitation disclosed by Applicant, since it has been held that where the
general conditions of a claim are disclosed in the prior art, discovering the optimum or
workable ranges involves only routine skill in the art. In re Aller, 105 USPQ 233.
Further, it has been held that discovering an optimum value of a result effective variable
involves only routine skill in the art. /n re Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA

1980). Refer to MPEP § 2144.05.
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Regarding claim 2, Jones discloses the blind fastener of claim 1, except for wherein
the pull region (36) comprises an axial length no greater than 3.8 times the diameter of
the shank region (22).

However, it would have been obvious to one having ordinary skill in the art before
the effective filing date of the claimed invention, to contrive any number of desirable
ranges wherein the pull region comprises an axial length no greater than 3.8 times the
diameter of the shank region limitation disclosed by Applicant, since it has been held
that where the general conditions of a claim are disclosed in the prior art, discovering
the optimum or workable ranges involves only routine skill in the art. In re Aller, 105
USPQ 233. Further, it has been held that discovering an optimum value of a result
effective variable involves only routine skill in the art. In re Boesch, 617 F.2d 272, 205

USPQ 215 (CCPA 1980). Refer to MPEP § 2144.05.

Regarding claim 3, Jones discloses the blind fastener of claim 1, except for wherein
the pull region (36) comprises an axial length no greater than 2 times the diameter of
the shank region (22).

However, it would have been obvious to one having ordinary skill in the art before
the effective filing date of the claimed invention, to contrive any number of desirable
ranges wherein the pull region comprises an axial length no greater than 2 times the
diameter of the shank region limitation disclosed by Applicant, since it has been held
that where the general conditions of a claim are disclosed in the prior art, discovering
the optimum or workable ranges involves only routine skill in the art. In re Aller, 105

USPQ 233. Further, it has been held that discovering an optimum value of a result
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effective variable involves only routine skill in the art. In re Boesch, 617 F.2d 272, 205

USPQ 215 (CCPA 1980). Referto MPEP § 2144.05.

Regarding claim 4, Jones discloses the blind fastener of claim 1, wherein the pull

region (36) comprises a taper (figs. 3-4) extending from the shank region (22).

Regarding claim 5, Jones discloses the blind fastener of claim 1, wherein the mandrel

(16) does not comprise a breakneck groove (figs. 3-4).

Regarding claim 6, Jones discloses the blind fastener of claim 1, except for wherein
the mandrel (16) comprises a Rockwell hardness of at least HRC 25.

However, it would have been an obvious matter of design choice wherein the
mandrel comprises a Rockwell hardness of at least HRC 25, as Applicant has not
disclosed that it solves any stated problem of the prior art or is for any particular
purpose. It appears that the invention would perform equally well as the invention

disclosed by Jones.

Regarding claim 7, Jones discloses the blind fastener of claim 1, except for wherein
the mandrel (16) comprises a Rockwell hardness of at least HRC 43.

However, it would have been an obvious matter of design choice wherein the
mandrel comprises a Rockwell hardness of at least HRC 43, as Applicant has not

disclosed that it solves any stated problem of the prior art or is for any particular
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purpose. It appears that the invention would perform equally well as the invention

disclosed by Jones.

Regarding claim 8, Jones discloses the blind fastener of claim 1, wherein the shank
region (22) comprises at least one of, a threaded region, an annular shoulder, and a

groove (26-34 and 36).

Regarding claim 9, Jones discloses the blind fastener of claim 1, wherein the pull
region (36) comprises at least one of a threaded region, an annular shoulder, and a

groove (36).

Regarding claim 10, Jones discloses the blind fastener of claim 1, wherein the sleeve
(12) is generally cylindrical (fig. 8) and the mandrel (16) is generally cylindrical (figs. 3-

4).

Regarding claim 11, Jones discloses the blind fastener of claim 1, wherein the blind
fastener (10) comprises at least one (§ [0019]) of a metal, metal alloy, and a composite

material.

Regarding claim 12, Jones discloses the blind fastener of claim 1, wherein the blind
fastener (10) is adapted to be installed in a bore (fig. 9) in a structure (W1, W2), the
bore (fig. 9) having a diameter greater (fig. 9) than the diameter of the enlarged portion

(figs. 3-4).
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Regarding claim 13, Jones discloses the blind fastener of claim 12, wherein the sleeve
(12) further comprises a collar (38), the sleeve (12) is configured to deform on a first
side of the structure (W1, W2), and the collar (38) is configured to swage onto the shank

region (22) on an oppositely disposed second side of the structure (W1, W2).

Regarding claim 14, Jones discloses the blind fastener of claim 12, wherein the
structure (W1, W2) comprises at least one (§ [0024]) of a metal, a metal alloy, and a

composite material.

Regarding claim 15, Jones discloses the blind fastener of claim 12, wherein the
structure is configured as at least one of an aerospace component, an automotive
component, a transportation component, and a building and construction component (§

[0024]; “workpieces”).

Regarding claim 16, Jones discloses a method for fastening, the method comprising:
inserting a first mandrel end (18) of a blind fastener (10) into a bore (fig. 9) in a
structure (W1, W2), the blind fastener (10) comprising
a sleeve (12) comprising a first sleeve end (40; fig. 8),
a second sleeve end (38; fig. 8), and
a cavity (14) extending from the first sleeve end (40) to the second sleeve end

(38), and
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a mandrel (16; figs. 3-4) configured to be at least partially received by the cavity
(14) of the sleeve (12), the mandrel (16) comprising

a first mandrel end (18) disposed adjacent to the first sleeve end (40) and
comprising an enlarged portion (figs. 3-4) having a diameter greater (fig. 2) than a
diameter of the cavity (14),

a second mandrel end (20) comprising a pull region (36), and

a shank region (22) extending intermediate the first mandrel end (18) and the
second mandrel end (20),

except for [wherein the pull region (36) comprises an axial length no greater
than 4 times a diameter of the shank region (22)] and is configured to be engaged by an
installation tool (§ [0024]);

engaging a collet of the installation tool ((§ [0024]) with the pull region (36) of the
blind fastener (10);

after the inserting, forcibly contacting the second sleeve end (38) of the blind
fastener (10) with an anvil of the installation tool ((9 [0024]) and moving the pull region
(36) distal from the second sleeve end (38) utilizing the collet of the installation tool ((§
[0024]); and

deforming (fig. 9) the sleeve (12) on a first side of the structure (W1, W2), and
swaging (figs. 9-11) the second sleeve end (38) onto the shank region (22) on an
oppositely disposed second side of the structure (W1, W2), thereby securing at least a
portion of the blind fastener (10) in the structure (W1, W2).

Examiner notes that Jones does not explicitly disclose wherein the pull region

comprises an axial length no greater than 4 times a diameter of the shank region.
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However, it would have been obvious to one having ordinary skill in the art before the
effective filing date of the claimed invention, to contrive any number of desirable ranges
wherein the pull region comprises an axial length no greater than 4 times a diameter of
the shank region limitation disclosed by Applicant, since it has been held that where the
general conditions of a claim are disclosed in the prior art, discovering the optimum or
workable ranges involves only routine skill in the art. In re Aller, 105 USPQ 233.
Further, it has been held that discovering an optimum value of a result effective variable
involves only routine skill in the art. /n re Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA

1980). Refer to MPEP § 2144.05.

Regarding claim 17, Jones discloses the method of claim 16, except for wherein the
pull region (36) comprises an axial length no greater than 3.8 times the diameter of the
shank region (22).

However, it would have been obvious to one having ordinary skill in the art before
the effective filing date of the claimed invention, to contrive any number of desirable
ranges wherein the pull region comprises an axial length no greater than 3.8 times the
diameter of the shank region limitation disclosed by Applicant, since it has been held
that where the general conditions of a claim are disclosed in the prior art, discovering
the optimum or workable ranges involves only routine skill in the art. In re Aller, 105
USPQ 233. Further, it has been held that discovering an optimum value of a result
effective variable involves only routine skill in the art. In re Boesch, 617 F.2d 272, 205

USPQ 215 (CCPA 1980). Referto MPEP § 2144.05.
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Regarding claim 18, Jones discloses the method of claim 16, wherein the pull region

(36) comprises a taper (figs. 3-4) or reverse taper extending from the shank region.

Regarding claim 19, Jones discloses the method of claim 16, wherein the mandrel (16)

does not comprise a breakneck groove (figs. 3-4).

Regarding claim 20, Jones discloses the method of claim 16, wherein the blind fastener

(10) comprises at least one (§ [0019]) of a metal, a metal alloy, and a composite

material.
Conclusion
6. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.
7. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to ROBERTA S DELISLE (“Bobbi”) whose telephone
number is (571)270-3746. The examiner can normally be reached M-F: 7 am - 3 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, Victor D Batson can be reached on 571-272-6987. 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 published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is
available to registered users. To file and manage patent submissions in Patent Center,
visit: https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-
center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For
additional questions, contact the Electronic Business Center (EBC) at 866-217-9197
(toll-free). If you would like assistance from a USPTO Customer Service
Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/ROBERTA S DELISLE/
Primary Examiner, Art Unit 3677

rsd
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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 ne 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
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Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
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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 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 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.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 desighee, 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.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

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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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/aor 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 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 1974, as amended, pursuant to 5 U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may he 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.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
hisfher 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.S.C. 151. Further, a record
may he 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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Figure 8

(57) Abstract: A lockbolt for installation into aper-
tured workpiece members, comprising a pin having
a head and a tail end provided with locking grooves
and a single pull groove (20), wherein an installa-
tion tool having a collet with a corresponding shape
to the pull groove is used to apply an increasing
pulling force to the pin tail, thereby to push the col-
let towards the workpiece, and as the force applied
by the hydraulic piston further increases, causing
the collar (10) to be swaged into the lock grooves,
and halting the force applied by the tool either at a
predetermined maximum value or when the pin tail
breaks at a breaker groove formed by the single pull
groove.
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Lockbolt

This invention relates to a lockbolt fastener for securing apertured workpiece

members together.

A known lockbolt fastener, as disclosed in UK patent GB2444420 (Huck
International Inc.), comprises a pin having a short, small diameter pin tail which does not
break on installation of the fastener into a workpiece. The lockbolt of GB’420 comprises a
plurality of pull grooves provided on the pin portion, which are engaged by a plurality of collet

teeth provided on the installation tool.

A problem with the non-breakstem lockbolt fastener as disclosed in GB2444420 is
that the crests of the teeth of the installation tool may not engage sufficiently with the shallow
grooves provided on the pin, e.g. the crests of the teeth may be caused to close directly onto
the crests of the pull grooves, which can cause increased loads and slippage, thereby

causing damage to the tool and/or fastener.

It is also possible for the tool teeth not to engage all fastener pulling grooves in an
axial direction, which can lead to overstressing and stripping of the loaded pulling grooves on

the fastener.

The multiple pull grooves and tool teeth of the prior art embodiments are also
sensitive to angled entry into the collet, therefore the operator is required to check that the

fastener is correctly aligned within the collet before actuating the tool.

A further disadvantage of the current non-breakstem lockbolt fasteners such
comprising a plurality of pull grooves is that the narrow, shallow pull grooves, and also the
shallow pulling teeth on the tool, can easily become clogged with debris, particularly in dirty
working environments. Fine pitch multiple groove collet teeth are also much more vulnerable

to damage by sand and small stones common to the outdoor environments in which these
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heavy duty lockbolt fasteners are often used (e.g. building of solar power plant structures in

desert locations).

Manufacturing of multiple pull grooves lockbolts requires complex and therefore
expensive thread rolling tooling, and the multiple pull groove forms generated on the pin are
difficult and time consuming to inspect in production, therefore increasing time and cost of

production.

Multiple collet teeth on an installation tool require small radii around the teeth,
which increases stresses and leads to premature cracking. These teeth are also more

complex to manufacture and inspect, and so are more costly.

Furthermore, any misalignment of the collet teeth and the pulling grooves, or pitch
error between the teeth and the pulling grooves due to normal manufacturing tolerances,
may result in an uneven distribution of pulling load and therefore generate higher localised

stresses that lead to premature failure.

Some currently known non-breakstem lockbolt fasteners also include helical
locking grooves into which the collars are swaged, which can be disadvantageous in that
tampering or working loose could lead to the collar becoming unscrewed from the locking

grooves.

Furthermore, the protruding end of the installed lockbolt could include sharp pull

groove crests, therefore presenting a risk of injury to the operator or other personnel.

Known lockbolt fasteners can also include relatively wide locking grooves having a
relatively high groove depth, i.e. a relatively broad pitch, thereby limiting the number of
grooves, provided over the length of the locking portion. As the number of surfaces for
interlocking with the collar when swaged is also therefore reduced, the overall strength of the

installed lockbolt is accordingly limited. Furthermore, on swaging of the collar onto deep
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locking grooves, incomplete filling of the grooves by the collar material can occur, thereby

further reducing the overall strength of the installed lockbolt.

It is an aim of the present invention to provide a lockbolt which overcomes the

above disadvantages.

Accordingly the present invention comprises, in a first aspect, a lockbolt in

accordance with claim 1 of the appended claims.

As the present invention has only a single relatively large pull groove, rather than a
plurality of relatively small pull grooves, this enables easier operator engagement of the tool
with the pin, as angular alignment and axial positioning are less critical than with prior art
embodiments comprising multiple pull grooves. On engagement of the tool with the lockbolt,
the deep pull groove allows the lockbolt to be maintained in an initial position relative to the
tool; even if the lockbolt is at an angle relative to the longitudinal axis of the tool, the angular
positioning of the lockbolt will be corrected on actuation of the tool. Because alignment and
positioning are less critical than with prior art embodiments, it is quicker and simpler for the
operator to enter the pin into the tool nose, thereby leading to improved installation

productivity.

The single pull groove of the present invention is less likely to become clogged with

debris than the shallower multiple grooves of prior art embodiments.

The lockbolt of the present invention can be manufactured more simply and
cheaply than prior art multiple pull groove lockbolts. It is also much less susceptible to
manufacturing tolerances, as the groove is much larger/deeper than previous embodiments,
and therefore the effect of tolerances is much reduced. Furthermore, no pitch error is

possible with the single pull groove.
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The locking portion is preferably parallel in form, i.e. having a constant major

diameter along its length.

The locking grooves of the present invention are entirely, or substantially, annular
in form, and so ensure that separation of the collar from the pin by an unscrewing action
cannot occur after installation of the lockbolt, e.g. the collar cannot become separated from

the pin via rotation.

Preferably, the pitch of the locking grooves is in the range 0.40mm to 2.13mm, and
the ratio of the major diameter of the locking portion to the pitch of the locking grooves is in
the range 11.15 to 12.01. The relatively fine pitch of the locking grooves provides a greater
number of interlocked surfaces with the collar over the length of the swaged area. This
provides an increased nominal strength of fastening compared to that of prior art
embodiments having broader pitch locking grooves. Furthermore, the relatively shallow form
of the locking grooves ensures each of the grooves are almost completely filled with collar
material when the collar is swaged onto the pin tail, thereby further increasing the strength of
the installed lockbolt in tension. A shallower locking groove also means that the root
diameter of the locking grooves 18 is larger and hence the cross sectional area of the pin is

increased for improved strength in both shear and tension.

Preferably, the contact surface of the single pull groove is provided by a tapered

portion.

Preferably, the end section of the pin tail of the lockbolt is shorter than the locking
portion, and has a maximum diameter which is smaller than a maximum diameter of the

locking portion.

Preferably, the ratio of the minimum diameter of the single pull groove to the

maximum diameter of the locking portion is within the range 0.50 to 0.78.
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Preferably, the ratio of the maximum diameter of the end portion to the maximum

diameter of the locking portion, is within the range 0.7 10 1.0.

Preferably the ratio of the total length of the pin tail over which the pull groove and
the end portion extends, to the maximum diameter of the locking portion, is within the range

0.7to 1.2

Preferably, the ratio of the length of the pin tail over which the pull groove extends,

to the maximum diameter of the locking portion, is within the range 0.3 to 0.7.

Preferably, the ratio of the length of the pin tail over which the end portion extends,

to the maximum diameter of the locking portion, is within the range 0.26 to 0.5.

Preferably, the pull groove includes a first tapered section and a second tapered
section and a plain portion between the first and second tapered section, the groove root
having a constant cross-sectional area throughout its length. Alternative embodiments could

feature alternative profiles of pull groove.

Preferably, the lockbolt includes a retaining feature, which retains the coliar in an
initial assembly position on the pin after the operator has placed the pin and collar in the
workpiece and before the installation tool is actuated to install the lockbolt by swaging of the
collar. The retaining feature ensures that the collar will not fall from the pin tail before
installation can be effected, which is particularly advantageous in difficult working conditions,
such as when the pin axis is vertical with the tail end pointed down. In addition the retention
prevents accidental pushing of the pin back out of the collar as the tool nose is being
engaged onto the pin tail by the Operator. Furthermore engaging the retaining feature
ensures the pull groove protrudes sufficiently from the collar to allow engagement of the tool

nose and collet.
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The retaining feature may comprise a shallow axial slot or flat provided on the pin
tail, which allows a tab provided on the throughbore of the collar to pass down to a first
locking groove into which the collar tab can be rotated to engage, i.e. in a ‘push-and-twist’

motion.

The retaining feature may alternatively comprise a short helical screw thread
provided on a section of the locking portion adjacent the pull groove, and a corresponding
short screw thread, helix or tab provided in the throughbore of the collar which engage. In
this embodiment, on installation of the lockbolt, the collar swages predominantly or entirely
into the annular locking grooves beyond, therefore there is no risk of unscrewing of the collar

and pin.

A further alternative retaining feature may comprise an elastomeric bead or ring,

provided either on the throughbore of the collar or on the locking grooves of the pin tail.

The collar and pin are pushed together thereby compressing the resilient bead or

ring and generating a frictional force to resist separation.

Each of the retaining features described above provides a sufficient degree of
retention force to maintain the collar on the pin until the installation tool is used for the next
stage of installation. When the installation tool is actuated, the retention force is overcome
by the swaging stroke of the installation tool, and is weak enough not to adversely influence

the sheet take-up and swaging action of the collar during installation into the workpiece.

The pin tail of the lockbolt may further include a stepped portion adjacent the pull
groove and between the pull groove and the end face of the pin tail remote from the pin
head, wherein the stepped portion has a greater cross-sectional area than that of the end
portion. The stepped portion provides a pin tail geometry which spreads loads and stresses

effectively, whilst avoiding excessive pin tail weight.
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Furthermore, the stepped end aids insertion of the pin tail into the tool collet prior to

actuation of the tool.

The lockbolt may further comprise full swage indications means, to provide a visual
indication that, during installation of the lockbolt, the coliar has been fully swaged onto the
pin locking grooves. The full swage indication means may comprise one or more projections
or protrusions provided on an outer surface of a flange of the collar which are partially or fully

deformed by the anvil of the installation tool.

Alternatively, the full swage indication means could comprise one or more
projections or protrusions provided on an end face of the anvil of the installation tool, which

are caused to indent the outer surface of the collar flange on installation of the lockbolt.

The portion of the pin tail that remains protruding from the swaged collar of the
installed lockbolt is free of sharp features and therefore presents a lower risk of personal
injury than do the pintails of prior art embodiments having multiple grooves with sharp crests

to each groove.

In an alternative embodiment, the pin tail is configured to be broken off during
installation of the lockbolt in a workpiece. This embodiment is advantageous in situations
wherein the added weight or length of a pin tail cannot be accommodated. Furthermore, this
embodiment is advantageous when the material of the pin does not present a corrosion risk

at the fracture surface, e.g. stainless steel or aluminium alloy pins.

In further aspects, the present invention also provides apparatus for, and a method
of, installing a lockbolt in accordance with the present invention, and a method of
manufacturing a pin in accordance with the present invention, including a step of rolling the
pin thereby displacing material and forming a stepped portion adjacent the pull groove,
towards the tail end. The flow of metal during the roll-forming provides superior strength of

pin tail compared to, for example, a machine-cut groove.
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The collet of the installation tool used in the present invention does not protrude
beyond the front of the nosepiece, and therefore presents a much lower risk of operator
injury than prior art embodiments as the collet pulls in and closes together. There is also

less chance of collet damage if the tool is dropped heavily.

The relatively large internal lip of the collet of the present invention is also less
likely to become clogged with debris, or damaged by sand and small stones in dirty/outdoor

working environments than the multiple fine pitch collet teeth of prior art tools.

As the collet internal lip of the present invention does not require the small radii at
the root of pull jaw teeth that are required with prior art multiple pulling jaw tools, stresses on
the internal lip will be lower than in the jaws of prior art tools, and premature cracking is

much less likely.

The installation tool may further comprise a depressible plunger, wherein the tool is
disabled whilst the plunger is not depressed. This provides a safety feature as the tool

cannot be actuated accidentally.

The plunger may have a rounded tip, and a dimple may be provided in the end face
of the lockbolt pin tail, whereby the rounded tip of the plunger is engageable with the dimple.
The engagement of the rounded plunger tip ensures that the pin tail is in the correct position
within the installation tool, i.e. that it is inserted fully in the axial direction within the tool nose,

before actuation of the tool, thereby preventing damage to the tool or harm to the operator.

Preferably, part of the collet of the installation tool has a shape complementary to at

least part of the shape of the pull groove.

VWhen installing a lockbolt wherein the pin tail includes a stepped portion as

described above, the stepped portion effectively provides an additional surface (in addition to
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the contact surface of the pull groove), for contact with the internal lip of the collet, thereby
providing localised reinforcement of the pin tail on installation due to the greater cross-

sectional area of the surface on which the installation tool contacts.

The lockbolt may further include a first plain portion between the pin head and the
locking portion, and the ratio of the length of the first plain portion to the length of the locking
portion is preferably within the range 0.62 to 1.27 for lockbolts having a grip capability of
three times the nominal pin diameter. Ratios within this range ensure an increased shear
strength of the lockbolt compared to one having a shorter plain section relative to the length

of the locking portion due to the absence of locking grooves within the shear plane.

The invention will now be described by way of example only and with reference to

the accompanying figures in which:

Figure 1 is a cross-sectional side view of a lockbolt according to the present
invention inserted into a hydraulically powered installation tool ready for installation of the

lockbolt into a workpiece (the workpiece is shown in later figures);

Figure 2 is a detailed cross-sectional view of the lockbolt and installation of tool of

Figure 1 indicated as area II on Figure 1, with the retaining feature in an engaged condition;

Figures 2a and 2b are partial side views of the pin tail of alternative lockbolts in

accordance with the present invention;

Figure 3a is a front view of the installation tool of Figure 1 (with the lockbolt

removed for clarity), and illustrates at line I where a cross-sectional view is taken;

Figure 3b is a detailed view of part of the installation tool as indicated at area I1lb

on Figure 3a;

Petitioner's Ex. 1003-082



WO 2015/033330 PCT/IB2014/065857
10

Figure 4 is a cross-sectional view of the tool of Figure 3b along the line IV-IV, ready

to install a lockbolt in accordance with the present invention;

5 Figures 5a and 5b are simplified side views of a lockbolt pin in accordance with the

present invention, with collar retaining features removed for clarity;

Figure 5¢ is a simplified side view of a lockbolt collar in accordance with the

present invention;

10
Figure 5d is a longitudinal cross-sectional view of an alternative lockbolt collar in
accordance with the present invention including full swage indication means;
Figure 5e is an end view of the alternative lockbolt collar of Figure 5d;
15

Figure 5f is an isometric view of the alternative lockbolt collar of Figure 5d;

Figures 6 to 15 show stages of installation of a lockbolt in accordance with the
present invention, the tool, workpiece and lockbolt being in cross-section or partial cross

20 section;

Figure 16 shows an installation stage of an alternative embodiment of lockbolt in

accordance with the present invention;

25 Figure 17 shows an installation stage of an further alternative embodiment of

lockbolt in accordance with the present invention;

Figure 18a is an end view of the alternative collar of Figures 5d to 5f after
installation (lockbolt pin and workpiece removed for clarity);

30
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Figure 18b is a side view of the alternative collar of Figure 18a;

Figure 18c is an isometric view of the alternative collar of Figure 18a;

5 Figure 19a is an end view of an anvil of an alternative installation tool anvil portion

in accordance with the present invention;

Figure 19b is an isometric view of the anvil of Figure 19a;

10 and

Figure 19c is a side view of the anvil of Figure 19a.

Referring to the figures, a lockbolt 2 in accordance with a first aspect of the present
15 invention comprises a pin 4 comprising a pin tail 6 and a pin head 8, and a collar 10 having a
throughbore 12 (Figure 7) and a flange 11 having an outer surface 13. The pin tail 6
includes a locking portion 36 comprising annular locking grooves 18, a first plain portion 14
between the locking portion 36 and the pin head 8, and a single pull groove 20 between the
locking portion 36 and end face 22 of the pin tail 6 remote from the pin head 8. The locking
20 portion 36 has a major diameter D, as shown in Figure 5b, and is parallel in form, i.e. it has a
constant major diameter along its length. An end portion 80 is provided between the locking
grooves 18 and the end face 22 of the pin tail 6. The end portion 80 is plain, and has parallel
sides, i.e. a constant cross-sectional area throughout its length. Furthermore the end portion
80 is short, relative to the length of the locking portion 36, and is of a smaller maximum
25 diameter than the maximum diameter of the locking portion 36. In an exemplary
embodiment, where D is the maximum diameter of the locking portion 36, G is the minimum
diameter of the pull groove 20 (in the embodiment shown in the figures, the minimum
diameter of the pull groove 20 is at a groove root 28), and T is the maximum diameter of the
end portion 80, the following applies:
30
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G = 0.675 D (and more generally is within the range 0.50D to 0.78D);
T = 0.836 D (and more generally is within the range 0.7D to 1.0D).

Furthermore, wherein L is the total length of the pin tail 6 over which the pull groove
5 20 and end portion 80 extend, N is the length over which the end portion 80 extends, and M
is the length over which the pull groove 20 extends, the following applies:
L = 0.936D (and more generally is within the range 0.7D to 1.2D);
M = 0.581D (and more generally is within the range 0.3D to 0.7D);

N = 0.355D (and more generally is within the range 0.26D to 0.5D).

10
Examples of length of the plain portion 14, the length of the locking portion 36, and
the resulting ratio of first plain portion length to locking portion length, for a range of pins of
nominal diameter ranging from 4.8mm (3/16”) to 25.4mm (1”) are provided in Table 1 below;
in each case the pin length selected is one capable of fastening a total joint thickness of at
15 least three times the nominal pin diameter. The ratio of the length of the first plain portion 14
on the pin tail, to the length of the locking portion 386, is typically in the range 0.62 to 1.27.
Nominal pin diameter First plain portion Locking portion i
(mm) Ratio
length (mm) length (mm)
4.8 8.81 1413 0.62
6.4 14.67 17.71 0.83
7.9 17.56 20.52 0.86
9.5 20.60 23.10 0.89
12.7 29.98 31.58 0.95
15.8 36.33 36.63 0.99
19.0 49.03 4313 1.14
22.2 61.73 48.39 1.28
254 68.08 53.59 1.27
Table 1
20 Examples of the major diameter D of the locking portion 36, the pitch of the locking

grooves 18, and the resulting ratio of locking portion major diameter to locking groove pitch,
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are provided in table 2 below, for a range of pins of nominal diameter ranging from 4.8mm

(3/16”) to 25.4mm (17). The pitch of the locking grooves 18, is typically in the range 0.40mm

to 2.13mm, and the ratio of the major diameter D of the locking portion 36 to the pitch of the

locking grooves 18 is typically in the range 11.15to 12.01.

Nominal pin diameter Locking portion
(mm) major diameter Lock groove pitch Ratio
(mm) (mm)
4.8 4.65 0.40 11.62
6.4 6.06 0.53 11.36
7.9 7.61 0.67 11.41
9.5 9.26 0.80 11.57
12.7 12.45 1.07 11.67
15.8 15.57 1.40 11.15
19.0 18.67 1.57 11.85
22.2 21.97 1.83 12.01
25.4 2510 213 11.76

Table 2

The single pull groove 20 includes a first tapered section 26, a second tapered

section 30 (the second tapered section 30 being closer to the tail end 22 of the pin 6 than the

first tapered section 26), and the groove root 28, having a constant cross-sectional area

along its length between the first tapered portion 26 and the second tapered portion 30, i.e.

the groove root 28 is parallel to the axis of the pin tail 6.

Figures 6 to 15 show successive stages of installation of a lockbolt 2 into apertures

120, 122 of a workpiece comprising workpiece members 130 and 140, including using an

installation tool 100, thereby to secure the workpiece members 130 and 140 together.

Initially, the pin 4 is inserted by an operator by hand into the apertures 120, 122 of

the workpiece members 130, 140, from the rear side 150 of the workpiece, as shown in

Figure 6, until the underside 34 of the head contacts the rear surface 152 of the workpiece.
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At this stage, part of the pin tail 6 protrudes from the front side 160 of the workpiece. The
collar 10 is then fitted by hand onto the protruding end of the pin tail 9, from the front side

160 of the workpiece, as shown in Figure 7.

After the collar 10 has been fitted onto the pin 4, the collar 10 is positively retained
in an initial assembly condition (or an engaged position) on the pin 4. This positive
engagement is achieved by a retaining feature 24. In the embodiment as shown in Figures 1
and 2, the retaining feature 24 is a ‘push-and-twist’ type feature, comprising a shallow axial
slot 56 provided on the pin tail 6, and a tab 52 provided on the throughbore 12 of the collar
10. The axial slot 56 allows the tab 52 to pass down to the first locking groove 18 of the
locking portion 36; the collar is then rotated by 180° thereby causing the tab 52 to engage
the first locking groove 18. In Figure 2, the retaining feature 24 is shown in an engaged

position. For clarity, a retaining feature 24 is not shown in the installation sequence figures.

The retaining feature 24 provides a sufficient degree of retention force to maintain
the collar on the pin until the installation tool is used for the next stage of installation. When
the installation tool is actuated, the retention force is overcome by the swaging stroke of the
installation tool, and is weak enough not to adversely influence the sheet take-up and

swaging action of the collar 10 during installation into the workpiece.

The lockbolt 2 is then installed into the workpiece by use of the installation tool
100. The installation tool 100 includes a split collet 102 (Figures 10 to 14), surrounded by a

nosepiece 108.

A sprung plunger 104 (Figure 11 to 14) having a rounded tip 114 (shown most
clearly in Figures 11b and 11c) is provided within the installation tool 100, which engages
with a dimpled recess 32 provided in the end face 22 of the lockbolt pin. The plunger is
depressed by the end face 22 of the lockbolt pin 6 when the pin tail 6 is entered into the
open collet 102. The engagement of the plunger 104 in the dimpled recess 32 ensures that

the pin tail is in the correct position within the installation tool 100, i.e. that it is not tilted at an
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unacceptable angle relative to the tool axis. Depression of the plunger 104 allows the
operator to commence installation of the lockbolt 2. Unsafe operation of the tool with a pin
tail incorrectly positioned inside the tool collet, or with no pin and thus a greater risk of

entrapment to the operator, is thereby avoided.

Upon actuation of the installation tool 100, a hydraulic piston 106 (shown in Figure
1) exerts an increasing pulling force on the collet 102, thereby pulling the collet 102 into the
tool 100, and thereby exerting a pulling force on the pin tail 6 via the pull groove 20. As the
collet 102 is pulled into the tool 100, the tapered anvil portion 112 of the nosepiece 108
causes the collet 102 to close around the end of the pin tail 6, and an internal lip 110 of the
collet 102 engages with the single pull groove 20, at the contact surface provided by second
tapered section 30. In the embodiment illustrated herein, the internal lip 110 of the collet 102
has a shape complementary to at least part of that of the pull groove 20, i.e. complementary
to the groove root 28 and the second tapered section 30 of the pull groove 20, therefore the

collet 102 engages the plain groove root 28 and the second tapered section 30.

The pulling force which is applied to the collet 102 by the hydraulic piston 106 is
transferred to the pin tail 6 via the contact surface provided by the tapered portion 30 of the
pull groove 20. Therefore as the collet 102 is pulled into the tool 100, the pin tail 6 is also

pulled in towards the tool 100.

Subsequently, as the collet 102 is pulled further into the tool 100 by the hydraulic
piston 108, the anvil portion 112 of the nosepiece 108 comes into contact with the collar 10,
and the collar 10 is progressively pushed by the anvil 112, in the direction of the pin head 8.
The workpiece members 130, 140 are thereby pushed together, closing any gap between
them, and a clamp load is applied to the workpiece. As the force applied by the tool 100
increases, the anvil portion 112 gradually swages the collar 10 down into the locking grooves

18 of the pin tail 8, i.e. the material of the collar 10 is forced into locking grooves 18.
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The force applied by the tool, and thereby also the swaging of the collar 10 onto
the locking grooves 18, is halted when the force reaches a pre-set maximum value. The
hydraulic piston 106 then returns to its pre-actuation position and the anvil portion 112
retracts from the fully swaged collar 10. When the collar 10 has been fully swaged onto the
pin tail 6, the collar is securely fixed to the pin 4 and the two components cannot become

accidentally separated.

In the embodiment discussed above, the end of the pin tail 6 does not break off
during installation of the lockbolt 2 into a workpiece. However, in the alternative embodiment
of lockbolt 2’ shown in Figure 16, the end portion 80’ of the pin tail 6’ is caused to break off
during installation, as a result of the single pull groove 20’ being deeper than the pull groove
20 of the first embodiment, i.e. the first tapered section 26’ and the second section 30’ are
steeper than those of the first portion (and as a result the groove root 28 has a smaller
diameter). The pull groove therefore acts as a breaker groove. In this embodiment, the
installation tool applies a pulling force to the pin tail 6 until the pin tail fractures at the
breaker groove / pull groove 20. The broken-off pin portion 80’ is ejected from the
installation tool 100 after the installation cycle. In this embodiment, the form of the internal
lip 110 of the collet 102 (not shown in Figure 16) may not correspond to that of the pull
groove 20°, however the force of the tool will still be transferred to the pin tail 6’ via the

contact surface provided by the tapered section 30’.

In a further embodiment (not shown), the contact surface may be formed of an
alternative feature of the pull groove, for example a shoulder, providing a contact surface 90°

to the axis of the pin tail 6.

The retaining feature 24 may alternatively comprise a short helical screw thread 54
(shown in Figure 2a) provided on a section of the pin tail 6” adjacent the pull groove 20, and
a corresponding short screw thread, helix or tab provided in the throughbore 12 of the collar

10 into which the locking portion screw thread engages. As the collar 10 will be swaged
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predominantly or entirely into the annular locking grooves 18 beyond, there is no risk of

unscrewing of the collar and pin tail 6.

In a further alternative embodiment, the retaining feature 24 could comprise an
elastomeric bead or ring, provided either on the throughbore 12 of the collar 10 or on the

locking grooves 18 of the pin tail 6.

In alternative embodiments, a pull groove having a different profile, for example
only being comprised of the two tapered sections 26 and 30 and not having a parallel groove
root 28, i.e. a groove root having a constant cross-sectional area along its length, may be
provided. An example of a pull groove 20” having an alternative form is shown in Figure 2a.
Similarly, the form, profile and shape of the installation tool collet 102 may also differ. More
specifically the form of the internal lip 110 of the collet 102 may not correspond partially to
that of the pull groove 20. However, contact will still be made between the internal lip 110 of

the collet 102 and a tapered portion of the pull groove.

The end portion 80 of the pin tail 6 as discussed above is plain, with a constant
cross-section area along its length. However the end portion 80 may have a different profile,
such as alternative end portion 80” shown in Figure 2a, including two tapered portions 82

and 84 and a shorter plain portion 86 between the tapered portions 82 and 84.

As shown in the alternative end portion of Figure 2b, the pin tail 6 may include a
stepped portion 88 adjacent the pull groove 20°”, towards the end portion 80"”. The stepped
portion 88 has a greater cross-sectional area than the plain end portion 80°”. It is produced
by material displaced during rolling of the pin tail 6 during manufacturing; the flow of metal
during the roll-forming provides superior strength of pin tail 6 compared to, for example, a
machine-cut groove. The stepped portion 88 provides a pin tail geometry which spreads

loads and stresses effectively, whilst avoiding excessive pin tail weight.
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The stepped portion 88 effectively provides an additional surface 90 (in addition to
the contact surface of the pull groove 20°”) for contact with the internal lip 110 of the collet
102, thereby providing localised reinforcement of the pin tail on installation due to the greater

cross-sectional area of the surface on which the installation tool contacts.

Although the embodiment described above has a dimple provided in the end face
of the lockbolt pin tail which is engaged by a plunger provided on the installation tool, in the
alternative embodiment shown in Figure 17, the dimple and plunger are not present. Figure
17 illustrates a tool engaging a lockbolt wherein the longitudinal axis of the lockbolt is
misaligned with that of the tool. Due to the depth of the single pull groove 20, the tool and
lockbolt are maintained in engagement despite the angular misplacement. The angular

alignment of the lockbolt 2 relative to the tool is corrected on actuation of the tool 100.

An alternative embodiment of lockbolt according to the present invention includes
full swage indication means. In the example of Figures 5d to 5f, the full swage indication
means comprises projections 58 provided on an outer surface 13’ of a flange 11’ of the collar
10’. On installation of a lockbolt, once the anvil portion 112 of the installation tool 100 has

reached the projections 58, the projections 58 are caused to be at least partially deformed.

The projections 58 will not depress until the anvil portion 112 has reached a point
such that the collar 10’ has been fully swaged onto the pin tail 6. Accordingly, when the
installation tool 100 is withdrawn from the lockbolt, the operator can check that the
projections 58 have at least partially depressed, thereby confirming full swaging of the collar
10’ onto the pin tail 6. Figures 18a to 18c show the collar of Figure 5d to 5f after installation
(the lockbolt pin and workpiece into which the lockbolt is installed have been removed for
clarity). Projections 58 have been partially deformed by the anvil portion 112. As three
projections 58 are provided at equal distances around the collar 10°, the operator can
confirm that the collar 10° has been fully swaged onto the pin tail 6 around the entire

circumference of the collar 10°.
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In an alternative embodiment, as shown in Figures 19a to 19c, the full swage
indication means comprises one or more projections 60 provided on an end face 59 of the
anvil portion 112’ of the tool, wherein the projections 60 are situated such that when the
collar 10 has been fully swaged onto the pin tail 6, the projections 60 are caused to depress
into the outer surface 13 of the flange 11 of the collar 10, thereby to indicate, on removal of
the installation tool 100 from the lockbolt, that the collar 10 has been fully swaged onto the
pin tail 6. Again, as three equally spaced protrusions 60 are provided, the operator can
confirm that the collar 10 has been fully swaged onto the pin tail 6 around the entire

circumference of the collar 10.
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A lockbolt fastener comprising a collar and a pin;

the pin comprising a pin head and a pin tail adapted to be inserted though aligned
apertures in workpiece members;

the pin tail comprising a locking portion comprising locking grooves, and only a
single pull groove, the single pull groove including a first tapered section, a second
tapered section and a plain portion between the first tapered section and the second
tapered section, the single pull groove being provided between the locking portion
and an end face of the pin tail remote from the pin head, and an end portion
provided between the pull groove and the end face;

the collar being adapted to be fitted over the locking grooves and swaged onto the
locking grooves, one of the tapered sections of the single pull groove providing a

contact surface.

A lockbolt as claimed in claim 1, wherein the combined length of the pull groove and
end portion is shorter than the locking portion, and has a maximum diameter which

is smaller than a maximum diameter of the locking portion.

A lockbolt as claimed in claim 1, wherein the locking portion has a constant major

diameter along its length.

A lockbolt as claimed in claim 1, wherein the locking grooves are annular in form.

A lockbolt as claimed in claim 1 wherein the ratio of the minimum diameter of the

single pull groove to the maximum diameter of the locking portion is within the range

0.501t0 0.78.
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A lockbolt as claimed in claim 1 wherein the ratio of the maximum diameter of the
end portion to the maximum diameter of the locking portion is within the range 0.7 to

1.0.

A lockbolt as claimed in claim 1 wherein the ratio of the total length of the pin tail
over which the locking groove and the end portion extends, to the maximum

diameter of the locking portion, is within the range 0.7 to 1.2.

A lockbolt as claimed in claim 1 wherein the ratio of the length of the pin tail over
which the pull groove extends, to the maximum diameter of the locking portion, is

within the range 0.3 10 0.7.

A lockbolt as claimed in claim 1 wherein the ratio of the length of the pin tail over
which the end portion extends, to the maximum diameter of the locking portion, is

within the range 0.26 10 0.5.

A lockbolt as claimed in claim 1 wherein the plain portion of the pull groove has a

constant cross-sectional area throughout its length.

A lockbolt as claimed in claim 1 further comprising a retaining feature to retain the

collar in an initial assembly position on the pin.

A lockbolt as claimed in claim 11 wherein the retaining feature comprises a helical
screw thread provided on a section of the locking portion adjacent the pull groove,
and at least one corresponding screw thread, helix or tab provided in the
throughbore of the collar into which the helical screw thread provided on the locking

portion engages.

A lockbolt as claimed in claim 11 wherein the retaining feature comprises a shallow

axial slot or flat provided on the pin tail, which allows a tab provided on the
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throughbore of the collar to pass down to a first locking groove of the locking
portion, into which the collar tab can be rotated to engage, in a ‘push-and-twist’

motion.

5 14. A lockbolt as claimed in claim 11 wherein the retaining feature comprises an
elastomeric bead or ring, provided either on the throughbore of the collar or on the

locking grooves of the pin tail.

15. A lockbolt as claimed in claim 1 wherein the pin tail further includes a stepped
10 portion adjacent the pull groove and between the pull groove and the end face of
the pin tail remote from the pin head, wherein the stepped portion has a greater

cross-sectional area than that of the end portion.

16. A lockbolt as claimed in any one of the preceding claims further comprising a plain

15 portion between the pin head and the locking portion, wherein the ratio of the length
of the plain portion to the length of the locking portion is in the range 0.62 to 1.27 for

pins of a length capable of fastening a total joint thickness of at least three times the

nominal pin diameter.

20 17. A lockbolt as claimed in claim 1 further including full swage indication means.

18. A lockbolt as claimed in claim 17 wherein the full swage indication means
comprises one or more projections provided on the outer surface of a collar flange,
and wherein the projections are configured to at least partly deform or break off

25 under the force of an anvil portion of an installation tool.

19. Apparatus for installing a lockbolt comprising a lockbolt according to claim 1, and an
installation tool comprising a collet surrounded by a nosepiece, the nosepiece being
provided with a tapered anvil section.

30
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Apparatus as claimed in claim 19 wherein the installation tool further comprises a
depressible plunger, wherein the tool is disabled whilst the plunger is not

depressed.

Apparatus as claimed in claim 20 wherein the plunger has a rounded tip which is

engageable with a dimple provided in the end face of the lockbolt pin tail.

Apparatus as claimed in claim 19 wherein part of the collet has a shape

complementary to at least part of the shape of the pull groove.

Apparatus claimed in claim 19, wherein the tool further comprises at least one
projection provided on the anvil portion, wherein the at least one projection is
configured to deform an outer surface of a flange of the collar on installation of the

lockbolt.

A method of installing a lockbolt according to claim 1 into a workpiece comprising
apertured workpiece members thereby to secure the workpiece members together,
using an installation tool comprising a hydraulic piston, a collet surrounded by a
nosepiece provided with an tapered anvil section,

the method comprising steps of:

inserting the pin into the apertures of the workpieces from a rear side of the
workpiece until the underside of the pin head contacts a rear side of the workpiece
and the pin tail partially protrudes from a front side of the workpiece;

fitting the collar onto the protruding end of the pin tail from the front side of the
workpiece;

actuating the tool thereby applying a pulling force to the collet, such that the anvil
section of the nosepiece causes the collet to close and therefore engage the contact
surface of the pull groove, thereby applying a pulling force to the pin tail via the pull

groove,
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and subsequently causing the collar to be pushed towards the workpiece members
thereby to bring the workpiece members together,

and subsequently causing the tool anvil section of the nosepiece to apply a force to
the collar, thereby to gradually swage the collar into the locking grooves of the pin

tail.

A method as claimed in claim 24 wherein the force applied by the tool is halted
when the force reaches a pre-set maximum value, wherein the anvil portion retracts

from the collar.

A method as claimed in claim 24 wherein the force applied by the tool is halted
when a part of the pin tail is caused to break off at the breaker groove formed by the

pull groove.

A method as claimed in claim 24 wherein the lockbolt further comprises retaining
means such that after the collar has been fitted onto the pin, and before the
installation tool is used to install the lockbolt in the workpiece, the collar is

maintained on the pin in an initial assembly condition.

A method as claimed in claim 24 wherein an outer surface of a flange of the collar is
provided with one or more projections, and wherein after the collar has been fully
swaged onto the pin tail during installation of the lockbolt, the anvil portion of the

tool causes at least a part of the one or more projections to deform or break off.

A method as claimed in claim 24 wherein the tool anvil is provided with one or more
projections, wherein after the collar has been fully swaged onto the pin tail during
installation of the lockbolt, the one or more projections are caused to deform a

portion of an outer surface of a flange of the collar.
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30. A method as claimed in claim 24 further including a step of rolling the pin, whereby
material of the pin tail is displaced to form a stepped portion, the stepped portion

having a greater cross-sectional area than that of the end portion.

5 31. A tool for use in installing a lockbolt according to claim 1 into a workpiece comprising
apertured workpiece members, the tool comprising a hydraulic piston and a collet,
wherein on actuation of the tool, the collet moves from an open position to a closed
position and is pulled into the tool by the hydraulic piston, and wherein the collet is
configured to be closed around a lockbolt such that an internal lip engages the pull

10 groove of the lockbolt and thereby causes the lockbolt to be pulled into the tool.

32. A tool as claimed in claim 31 wherein the internal lip additionally engages a surface
of a stepped portion provided adjacent the pull groove and between the pull groove
and the end face of the pin tail remote from the pin head, wherein the stepped portion

15 has a greater cross-sectional area than that of the end portion.

33. A lockbolt substantially as hereinbefore described and with reference to the

accompanying figures.

20 34. Apparatus substantially as hereinbefore described and with reference to the

accompanying figures.
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BLIND FASTENER

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Patent Application No. 14/817,248, filed on
August 04, 2015, which is a continuation of U.S. Patent Application No. 14/622,023, filed on
February 13, 2018, which claims the benefit of U.S. provisional patent application Serial No.
62/039,939, filed on Aug 21, 2014, all of which are incorporated by reference as if

compietely written herein,

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

Not applicable.

TECHNICAL FIELD OF THE INVENTION
The present invention relates generally to blind fasteners which arve capable of
fastening structures which produce shear loading across the blind fastener; particularly
structurcs comprised of structural plates, tubes, and other shapes that arc commonly used in

towers, poles, storage tanks, and other structures.

BACKGROUND OF THE INVENTION

Blind fasteners have generally incorporated a sleeve that expands and bends during
mstaliation often exposing sharp edges of the sleeve, as seen in USPN 6,234,734, Exposing
such sharp edges in an empty hollow structare may be acceptable, however exposed sharp
cdges in a structure filled with wires and/or cables can be disastrous, particularly when more
wires and/or cables are pulled through the structure afier the sharp edges have been exposed.

in addition to sharp edges found on the expanding sleeves of prior art blind fasteners,
the blind fastencrs in the prior art often requires preasserably and special tools to install them
on various workstructures, Take for instance 2 technician that is asserabling a tower structure

suspended high above the ground. In this scenario, the technician must assembie the blind
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fastener in a certain order and use multiple tools to put the blind fastener into an engaged
state. In this scenario the technician must be careful not to drop any of the blind fasteners
components, or tools, out of inconvenience of recovering the dropped components and the
safety risk to those that may below hirn. Addttionally, the mere fact that the technician needs
multiple specialized tools means that they bave to carry additional weight while performing
their work. Additionally, the exira tools required also increascs the meonvenience and

hazards of dropped tools.

SUMMARY OF THE INVENTION

A blind fastener to secure at feast two workpieces enables a significant advance in the
state of the art and greatly improves wire and cable protection, job site safety and simplifics
blind fastener installation. A blind fastener device for fastening at least two workpieces,
including a sleeve, an expander having a tensioning section, a locking section, and an
expansion section, and a nut. A portion of the expander passes through the sleeve to
cooperate with the nut so that relative rotation of the expander and nut draws the expander’s
distal end toward the sleeve’s proximal cod thereby drawing a portion of the expansion
scction of the expander into a structural region located on the slecve and expanding at least a
portion of the sleeve’s stractural region, and drawing a portion of the locking section past the
sleeve’s distal end toward the sleeve’s proximal end and deforming at least a portion of the
sleeve’s distal end to a locked state. The sleeve may be configured as a multi-section sleeve

having a sleeve retainer to locate the sections in a predetermined relationship.
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BRIEF BESCRIPTION OF THE DRAWINGS

Without hmiting the scope of the present invention as claimed below and referring
now to the drawings and figures:

FIG. 1 is an ernbodiment of an exploded view of a blind fastener according to the
present invention;

FIG. 2 is & cross-sectional exploded view of an embodiment of a blind fastener
cmbodiment;

FIG. 3 is a plan view of an cmbodiment of a pre-insertion pre-actuation blind fastener
with the shroud and workpicces shown in section for clarity;

FIG. 4 is a plan view of an embodiment of a post-insertion pre-actuation blind
fastener with the shroud and workpieces shown in section for clarity;

FIG. § is a plan view of an embodiment of a post-insertion pre-actuation blind
fastener with the shroud and workpieces shown in section for clarity;

FIG. 6 15 a cross-sectional view of an cmbodiment of a post-insertion pre-actuation
blind fastener;

FIG. 7 is a partial cross-sectional view of an crabodiment of a post-insertion pre-
actuated blind fastener;

FIG. 8 is a cross-sectional view of an embodiment of a post-insertion pre-actuated
blind fastener;

FIG. 9 is a plan view of an crabodiment of a post-insertion partial-actuated blind
fastener with the shroud and workpieces shown in section for clarity;

FIG. 10 s a cross-sectional view of an embodiment of a post-insertion partial-
actuated blind fastener;

FIG. 11 s a partial cross-sectional view of an embodiment of a post~-insertion partial-
actuated blind fastener;

FIG. 12 is a cross-sectional view of an erabodiment of a post-insertion partial-
actuated blind fastener;

FIG. 13 is a plan view of an embodiment of a post-insertion fully-actuated blind
fastener with the shroud and workpieces shown in section for clarity;

FIG. 14 is a cross-sectional view of an erabodiment of a post-insertion fully-actuated
blind fastener;

FIG. 15 is a partial cross-sectional view of an embodiment of 4 post-insertion fully-

actuated blind fastener;
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FIG. 16 1s a cross~sectional view of an embodiment of a post-insertion fully-actuated
blind fastener;

FIG. 17 is a plan view of an expander embodiment;

FIG. 18 4s a plan view of another expander embodirent;

F1G. 19 is an exploded plan view of a sleeve, retamer and shroud assembly
embodiment;

FIG. 20 is a cross-sectional exploded plan view of a sleeve, retainer and shroud
assembly embodiment;

F1G. 21 is another embodiment of an exploded plan view of a sleeve, retainer and
shroud assembly;

FIG. 22 18 another embodiment of a cross-sectional exploded plan view of a sleeve,
retainer and shroud assembly;

FIG. 23 is another embodiment of an exploded view of a blind fastener;

FIG. 24 is another embodiment of a cross-sectional exploded view of a blind fastener;

FIG. 25 is a plan view of another expander embodiment;

FIG. 26 is another embodiment of a plan view of an expander;

FIG. 27 is another embodiment of a plan view of a sleeve;

FIG. 28 is another embodiment of a cross-sectional plan view of a sleeve;

Fi(G. 29 is another embodiment of a cross-sectional view of a blind fastener;

FIG. 30 is another embodiment of a cross-sectional view of a post-insertion pre-
actuation blind fastener;

FIG. 31 is another embodiment of a cross-sectional view of a posi-insection fully-
actuated blind fastener;

FIG. 32 is another ernbodiment of a cross-sectional view of a post-insertion pre-
actuation blind fastener;

FIG. 33 is another embodiment of a cross-sectional view of a post-insertion fully-
actuated blind fastener;

F1G. 34 is another ermbodiment of a cross-sectional view of 4 post-insertion pre-
actuation blind fastener;

FIG. 35 is another embodiment of a cross-sectional view of a post-insertion fully-
actuated blind fastener;

Fig. 36 is a plan view of another embodiment of 3 sleeve retainer and pre-inserted

sleeve;
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Fig. 37 is a plan view of another ernbodiment of a sleeve retainer and a partially
mserted sleeve;

Fig. 38 is a plan view of another ernbodiment of a sleeve retainer and a fully inserted
sleeve,

Fig. 39 is a plan view of another crabodiment of a slceve retainer undergoing
contraction and a fully mserted sleeve;

Fig. 40 is a plan view of ancther embodiment of a fully contracted sleeve retainer and
a fully mserted sleeve;

Fig. 41 is a cross-sectional and magnified view of another embodiment of a fully
contracted sleeve retainer and a fully inserted sleeve;

Fig. 42 is another cross-sectional view of another embodiment of a fislly contracted
sleeve retainer and a fully inserted sleeve;

Fig. 43 is a plan view of another sleeve embodiment having a channel;

Fig. 44 is a cross-sectional and magnified view of another embodiment of a sleeve
having chaonels;

Fig. 45 is a plan view of another sleeve emboduvent having channels;

Fig. 46 is a plan view of another sleeve emboduvent having channels;

Fig. 47 is a partial cross-sectional view of another steeve embodiment;

Fig. 48 is a partial cross-sectional view of another embodiment of a sleeve having a
sleeve retainer;

Fig. 40 i3 a plan view of another sleeve embodiment with bonded sleeve sections;

Fig. 50 18 a cross-sectional view of another smbediment of a sieeve with bonded
sleeve sections;

Fig. S1 i3 a partial cross-sectional view of an embodiment of a post-insertion fully-
actuated blind fastener;

Fig. 52 is a partial cross-sectional view of an embodiment of a post-insertion un-
actuated blind fastener;

Fig. 33 is a partial cross-sectional view of an embodiment of a post-insertion fiully-
actuated blind fastener;

Fig. 54 is a partial cross-sectional view of an embodiment of a post-insertion firlly-
actuated blind fastener;

Fig. 55 is a cross-sectional and magnified view of another embodiment of a sleeve

having a single channel;

(¥4
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Fig. 56 is a cross-sectional view of another embodiment of a sleeve;

FIG. 57 1s a cross-sectional view of an embodiment of 4 post-insertion pre-actuated
blind fastener;

FI(i. 58 is a cross-sectional view of an erabodiment of a post-insertion partial-
actuated blind fastener; and

FIG. 39 is a cross-sectional view of an erabodiment of a post-insertion fully-actuated
blind fastener.

These ithistrations are provided to assist in the understanding of the exemplary
embodiments of a blind fastener as described in more detail below and should not be
construed as unduly limiting the specification. In particular, the relative spacing, positioning,
sizing and dimensions of the various elements ifhustrated in the drawings may not be drawn to
scale and may have been exaggerated, reduced or otherwise meodified for the purpose of
improved clarity. Those of ordinary skill in the art will also appreciate that a range of
alternative configurations have been omitted simply to improve the clarity and reduce the

number of drawings.
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DETAILED DESCRIPTION OF THE INVENTION

With reference now to FIGS. | and 2, show an exploded view of an embodiment of a
blind fastener. Tn this particular embodirment the main components of the blind fastener may
melude a sleeve (100}, a sleeve retamer (200), an expander (400}, a rut (500}, and optionally
a shroud (300) and/or a washer system (600},

The sleeve (100) will fivst be disclosed in detail. The sleeve {100) serves the role of
expanding radially in order to fill openings focated in workpicces being fastencd together.
The expanding sleeve (100) serves to eliminate any movement in the workpicces in relation
to one another due to loose fitting fasteners; the sleeve (100) reduces the likelihood of
fasteners failing due to shear loading on the fastener; and sleeve (100) facilitates the blind
fastener locking in place. Now with reference to FIGS. 19 and 20, the sleeve (100) has a
sleeve proximal end (120), and a sleeve distal end (130}, The sleeve (100) has a sleeve length
{155y which is defined as the distance from the sleeve proximal end (120} to the sleeve distal
end (130). Furthermore, the sleeve (100) has a sleeve outer diameter (140} that 15 adjacent
the walls of a first workpiece opendng (720}, located in a first workpicce {(700) having a first
workpicce opening diameter (722) and a first workpiece thickness (710), and the walls of a
sccond workpicce opening (820), located tn a sccond workpicee (800) having a sccond
workpiece opening diameter (822) and a seeond workpiece thickness (810}, when the blind
fastener is installed, as scen in FIGS. 3, 13 and 15. In some embodiments, the sleeve (104}
may be composed of two or more distinct segments, or two or more segments that are formed
when the sleeve (100) splits apart, as will be disclosed later in great detail. For instance, the
embodiments of in FIGS. 6, §, 10, 12, 14, 16, 34 and 35 have a first sleeve section (101}, a
second sleeve section (102), a third sleeve section (103}, and a forth sleeve section (104},
however the embodiment of FIG. 56 illustrates a single sleeve section embodiment, while
FIG. 30 illustrates a two sleeve section embodiment, and FIG. 32 illustrates a three sleeve
section embodiment.

As seen in FIGS, 43-46, embodiments of the sleeve (100) may incorporate one or
more frangible sections that break apart during use to create distinct sleeve sections. The
sleeve {100} may have at least one longitudingl sleeve channel (110) that provides a
fracturable arca on the sleeve (100). Each longitudinal siceve channel (110) has a sleeve
channel width (111} and sleeve chunnel length (1123, as seen in FIGS. 43-44, that may be
created by, but not limited to, milling, stamping, casting, and press forming during the

creation of the sleeve {100). FIG. 43 illustrates an embodiment of sleeve (100) having at least
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one longitadinal sleeve channel {110} with the sleeve channel length (112) equal to 106% of
the sleeve length (155), thereby allowing the sleeve (100) to fracture into full sleeve (160)
sections. FIG. 44 18 a cross sectional view of a sleeve (100) designed to fracture into four
sections, having a sleeve first channel {115}, a sleeve second channel (116), a sleeve third
channel {117), and a sleeve forth channel (118). Depending on the application, variations n
the firat workpicee thickness (710} and the second warkpiece thickness {(810) may induce a
aced for other embodiments of fracturable sleeves {100). FIG. 55 is a cross sectional view of
a sleeve {100} designed to fractore having a single sleeve first channel (115}, however # may
be formed with two channels, three channels, four channels, five chamnels, or even six, or
more, channels.

One embodiment of sleeve (100), as shown in FIG. 45, incorporates one or more
sleeve channels (110} that do not extend the entire length of the sleeve (100). One benefit of
such an erobadiment is that the additional load must be applied to the blind fastener to split
the sleeve (100) into separate sections ensuring a tighter joint. One, or more, partial siceve
channels (110) may be located ou the sleeve proxireal end (120), baving a sleeve proximal
end channel length (113}, and/or one, or more, partial sleeve channels (110) may be located
on the sleeve distal end (130}, baving a slceve distal end channcl length (114). The partial
sleeve channels (116) may align as scen in FIG. 45, or they be offset as seen in FIG. 46. In
one embodiment at least two partial sleeve channels (110} extend from the sleeve proximal
end (120) toward the sleeve distal end (130). This embodiment ensures that the sleeve (100}
splits into at feast two distinet pieces. In another embodiment at least two partial sleeve
channels (110) extend from the sleeve distal end (138) toward the sleeve proximal end (120).
T yet a further embodiment at least two distally extending partial channels align with at least
two proximally extending partial channels, as seen in FIG. 45, In an even further embodiment
at least three partial sleeve channels (110) extend from the sleeve proximal end {120) toward
the sleeve distal end (130). This embodiment ensures that the sleeve (1060} splits into at feast
three distinet picees; and in another cotbodiment at least three partial slecve chanunels (1103
extend from the siceve distal end (130) toward the sleeve proximal end (120). In yet a further
embodiment at least three distally extending partial channels align with at least three
proximally extending partial channels. In yet an even further embodiment at least four partial
sleeve channels (110) extend from the sleeve proximal end (120} toward the sleeve distal end
{130}, similar to the section of FIG. 44. This embodiment ensures that the sleeve (100} splits

into at least four distinet pieces; and in unother embodiment at least four partial sleeve
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channels (110) extend from the sleeve distal end (130) toward the sleeve proximal end (120).
In yet a further embodiment at least four distally extending partial channels align with at least
four proximally extending partial channels.

In one embodiment the sleeve proximal end chammel length (113} 15 less than 95% of
the slecve length (1535), while 1 a further embodiment, the sleeve proximal end chanael
ength (113) is 15-80% of the sleove length (155), and in an even further embodiment, the
sleeve proximal end channel length (113} is 30-60% of the sleave length (155), while in an
cven further embodiment the sleeve proximal end channel lenpth (113) is less than 50% of
the sleeve length (155). Likewise, in another embodiment the sleeve distal end channel length
{114} is fess than 95% of the sleeve length (155}, while in a further embodiment, the sleeve
distal end channel length (114) is 15-80% of the sleeve length (155}, and in an even further
ernbodiment, the sleeve disial end channel length (114) is 30-60% of the sleeve length (155),
while in an even further ernbodiment the sleeve distal end channel length (114) is less than
50% of the sleeve length (155). Tn some applications it may be desivable for the sleeve (160}
to include partial siceve channels {(116) located on both the sieeve proximal end (120) and
sleeve distal end (130), baviog a sleeve proximal end channel length (113) and a sleeve distal
end channel length (114). In one such cribodiraent prefercutial loading is achioved when
there is a separation distance between the ends of the channels that is 1-20% of the sleeve
ength (155), while in a further embodiraent the separation distance is 5-10% of the sleave
ength (155), which is cnough to require additional fastener loading to split the siceve {100)
into sections.

The depth of any of the disclosed sleeve chanpels (110), full length or partial length,
may also be used to control the fastever loading needed to split the sleeve (100} mto sections.
The depth, seen in FIG. 44, is preferably at least 50% of the maximum structural region wall
thickness (172), seen in FIG. 20 and later described in detail. In a further embodiment the
depth is 60-95% of the maximum structural region wall thickness (172), while in an even
further embodiment the depth 18 73-93% of the maximum structural region wall thickaess
{1723

In another embodiment, the sleeve (100) may have separate sections that are bonded
together by a sleeve bonding agent (105}, as scen in FIGS. 49 and 50. The sleeve bonding
agent {105) bonds the individual sleeve sections into a fracturable sleeve (100} unit which
breaks apart into individual sleeve (100) sections when exposed to a predetermined load. The

sleeve bonding agent (105) may inclhude, but is not limited to, a directly applied adhesive or
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polymer applied between the sections as seen in FIGS. 49-30, an adhesive or polymer in
which the sleeve {100} is dipped thereby covermg a portion, or all, of the sleeve (100), and an
mjection cast polymer inner sleeve (100) surface, outer sleeve {100) surface or a corapletely
embedded sleeve (100). Further, the sleeve bonding agent {105) may be soldering or brazing
alloy, or cven a weld material produced during a continuous, ot 2 spot, welding process.
Thus, i some embodiments the sleeve bonding agent (105) does not extend the full length of
the individual sleeve sections.

In another embodirent, the sleeve (100) may have pre-separated distinet sections that
are held in place by one or more sleeve retainers (200), as seen in FIGS. 1-15, 19-20, 23-24,
and 48, and in some embodiments a shroud (300). In one embodiment the sleeve (106)
inchides at least two distinet sections (101, 102), as seen in FIGS. 30-31, while in another
embodiment the sleeve (100} includes at least three distinct sections (101, 102, 103), as seen
i FIGS. 32-33, and in an even further embodiment includes at least four distinct sections
(101, 102, 103, 104), as scen in FIGS. 34-35. The segmentation of the sleeve (100) allows the
slecve outer diarseter (140) to expand when the blind fastener is actuated, as seon i FIGS,
31, 33, and 35, and provides cdges of the distinct sections that bite into the workpicces (700,
R00). The slecve (160) has a sleeve mner diameter {150), scen in FIG. 6, fornung a bore in
which the expander (400) passes through.

As seen in FIGS. 19 and 20, in one cmbodiment the slecve (100) has a retainer
engagement region (160) having a retainer engagement region wall thickness (162), a retainer
engagement length (164) and a retainer engagement region diameter {168). While the
embodiment of FIG. 20 illustrates the sleeve retainer (200) located at the sleeve proximal end
{120}, it may be located anywhere along the length of the sleeve (100, as scen near the middie
of the sleeve (100) in FIG. 21 and at the sleeve distal end (130) m FIG. 48,

In soroe embodiments the sleeve (100) includes at least one retainer engagement
region ledge (166), as llustrated n FIGS. 20 and 47. The cngagement region ledge (166}
provides a surface for the sleeve retainer (200) to abut and helps provide a smooth transition
from the sleeve retainer (200) and sleeve (100). In such ledge embodiments the retainer
engagement region wall thickness (162} is preferably at least 20% of 4 maximoum structural
region wall thickness (172}, while in a further embodiment the retainer engagement region
wall thickness (162} is 30-95% of the maximam structoral region wall thickness (172), and in
an even further embodiment the retainer engagement region wall thickness (162) is at least

50% of the maximum structural region wall thickness (172). A still further embodiment has a
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retainer engagement region wall thickness (162) of at least 65% of the maximurm structural
region wall thickness {172). The mimimum retainer engagement region wall thickness (162)
ensures that the retainer engagement region (160) will not crush longitudinally when
subjected to severe loading. Additionally the retaier engagement region (160} may have a
retainer engagement region wall thickness (162} such that when the retainer (260} is attached
to the retaier engagerent region {160}, the sum of the retainer engagenent region wall
thickness (162} and the retainer thickness, which is half the distance between the sleeve
cngagement section outer diameter (216) and the slecve engagement section mner diameter
{214} seen in FIG. 20, is not more than the structural region wall thickness (172, thereby
ensuring passage through a tight opening (720, 820} in the workpicces (700, 800}

Furthermore, in one embodiment the sleeve (100} has a retainer engagement region
{160} located on the sleeve proximal end (120) allowing the sleeve retainer (200) to be
affixed to the sleeve (100}, as scen in FIG. 19, In a further embodiment, the retainer
engagement region (160} is located in an area located between the sleeve proximal end (128)
and the sleeve distal end (130), as seervin FIGS. 21 and 22. 1o avother embodiment, the
retainer engageroent region (160) s located on the sieeve distal end (130) as seen in F1G. 47,
which also serves to cover the sleeve distal end (130} as it flairs outward thercby providing
many of the benefits discussed later herein with respect to the shroud (300) embodiment. In
yet another enbodiment, the retainer engagement region (160} includes the entire sleeve
cngth (155}, as seen in FIG. 36 and described later in more detail

Additionally, the sleeve {100} has a structural region (170} with a stractural region
fength (174) and a structural region wall thickness defined by the sleeve suter diameter (140)
and the sleeve inner diameter (150), as illustrated by FIGS. 19 and 20. The structural region
{170} has a structural region length (174) sufficiently long enough to engage the first
workpiece (700) and second workpiece (800) when the blind fastener is placed through the
overlapping first workpiece opening {720} and second workpicce opening (820) as tHustrated
m FIGS. 3 and 4. In order to accommodate a wide variety of workpiece thicknesses and
configurations, the structural region length (174) is preferably at least 35% greater than an
expansion section length (448), scen in FIG. 17 and discussed later in detail. While in another
embodiment the structural region length (174) is preferably at least 50% greater than an
expansion section length (448}, and i vet a further embodiment the structural region length
{1743 is 50-93% greater than an expansion section length (448). Furthermore, when the blind

fastener is in a fully actuated locked state, the sleeve structural region (178) and the expunder
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{400} substantially fill the opening in the workpieces and tmpart a radial load on the
workpiece opemngs, while resisting shear forces at a workpiece mterface (900) located where
the first workpiece opening (720) and second workpiece opening (820} abut, as seen m FIGS.
3,4, 13 and 15. The structural region (170) of the sleeve (100} 1s that portion intended to
carry the load st the shear plane of the workpicce interface (900), and includcs the adjacent
pottions of the sleeve (100) having a slecve outer diameter (140) within 5% of the maxiroum
sleeve outer diameter {140), but this docs not require the structural region (170} to have a
perfectly smooth outer surface. For instance, the outer surface of the structural region (170)
may have surface texturing or stippling to increase the grip as the outer surface comes in
contact with the workpieces (704, 800); further, the outer surface of the structural region
{170) may have channels in the outer surface, which may produce limited regions in which
the sleeve outer diameter (140} 1s not within 5% of the maxinum sleeve outer diameter (140}
provided {a) the total volume of such channels is less than 258% of the volume of the
structural region (170}, and (b) i a serics of five equally spaced transverse cross-sections
through the structural region (170) at least three of the five travsverse cross-sections bave at
feast 50% of the cross-sectional perimeter is within 8% of the maxiowru sleeve outer
diameter (140}, thereby allowing limited longitudinal channels, as well as limited transverse
channels, within the structural region (170).

In onc embodiment the structural region (170} has a structural region wall thickness
(172}, as scen in FIGS. 20 and 22. Further, the retainer engagement region wall thickness
{162) of the retainer engagement region (160}, as seen in FIGS. 19 and 28, has a minimum
retainer engagement region wall thickaess (162} that is at least 25% of the maximum
structural region wall thackness {172 to ensure the retainer engagement region {160) does not
conpress longitudinally as the expander (400) is drawn mto the structural region (170} of the
sleeve (100).
I another embodiment the sleeve (100) may also have a shroud engagernent region (190) on
which the shroud (300) may attach, as shown n FIGS, 19 and 20. The shroud engagement
region (190) has a shroud engagement region length (192) that is sufficiently long enough to
allow the shroud (300) to remain attached during the actuation and locking of the blind
fastener. In reference to the shroud (300}, the shroud has a proximal end (310}, a shroud
distal end (320} and 4 shroud thickness (330), as shown in FIGS. 1 and 20. The shroud (300)
may be composed of an elastic material, or may have a hard protective cap with an elastic

skirt on the shroud proximal end (310) that attaches to the shroud engagement region (190).
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Furthermore, the shroud (300) cooperates with sleeve shroud engagement region {190} and
encloses at least a portion of the expander (400) and a portion of the sleeve (100), as seen in
FIG. 5; while in a further embodiment the shroud (300) encloses the sleeve distal end (130)
and the expander distal end (420) in the mitial state, the expanded state, and the locked state;
and m an even further ersbodiment the shroud (300} has a shroud proximal end (318), a
shroud distal end (320), and a shroud thickness (330}, whereby the shroud proxireal end (310)
is attached to the sleeve (160} and the shroud distal end (320) totally encloses and seals the
sleeve distal end (130}, In many embodiments at least a portion of the shroud (300) is clastic
and applies a compressive force on to the sleeve (10).

The shroud (360) serves an important function of protecting cables from being
damaged from the exposed surfaces of a blind fastener, however as previously disclosed this
protective fimction may also be achieved via the sleeve retaimer (200) when positioned at the
sleeve distal end (1380) as shown in FIG. 48, The shroud engagement region (190) may have a
shroud engagement region ledge (194) against which the shroud proximal end (310} abuts as
seen in FIGS. 19 and 20, Additionally the shroud engagement region (190) may bave a
shroud engagement region wall thickaess (196) such that when the shroud (300) 15 attached to
the shroud engagement region (190), the sum ot the shroud engagement region wall thickness
{196} and the shroud thickness (330} is not more than the structural region wall thickness
(172). Furthermore, in another embodiment the shroud engagement region wall thickness
{196} is at least 25% of the maxiraunm structural region wall thickness (172} to ensure that the
shroud engagement region (190} does not compress longitudinally as the expander (400} is
drawn into the struchural region (170} of the sleeve (100). In a further embodiment the shroud
engagement region wall thickness (196} is 30-95% of the maximum structural region wall
thickness (172}, and in an even further embodiment the shroud engagernent region wall
thickness (196) is at least 50% of the maximum structural region wall thickness (172). One
particular erobodiraent has a mintroum shroud engagement region wall thickness (196) that s
25-50% of the maxiroum structural region wall thickuess {(172). A still further embodiment
has a shroud engagement region wall thickness (196} of ut least 653% of the maxinum
structural region wall thickness (172). In some embodiments the sleeve (100) includes a
shroud engagement region (190} having a shroud engagement region length (192) that is at
least 10% of the structural region length (174), and the shroud (300} cooperates with the
shroud engagement region {190). In a further embodiment the shrond engagement region

length (192) s 10-50% of the structural region length (174). The shroud engagement region
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{190) may be a circumferential recess in the exterior surface of the sleeve (100) thereby
creating at feast one shroud engagement region ledge (194) to shicld at least one edpe of the
shroud (360}

The sleeve (100) may include a sleeve throat {180) having a throat length (182}, a
throat angle (184), and a throat wall thickness (186}, as dlustrated wm FIG. 20. The throat wall
thickness {(186) tapers as it approaches the sleeve distal end (130), as tlustrated 1o FIG. 20. In
one embodiment, the mid-point of the sleeve throat (180) has a throat wall thickness (186) of
not fess than 25% of the maximum structural region wall thickness {172). In another
embodiment, the mid-point of the sleeve throat (180} has threat wall thickness (186} of not
more than 75% of the maxirum stractural region wall thickness (172), while in yet a further
embodiment, the mid-point of the sleeve throat {180} has throat wall thickness (186} that is
25-75% of the maximum structural region wall thickness (172). The throat wall thickness
{186) ensure that the shroud engagement region (190) can easily enter the sleeve throat (180)
and begin the deformation of the sleeve (10{), which is coropleted by the locking section
{(430), while not compressing longitudinally as the expander (400} is drawn ioto the slecve
(100).

In one embodiment the sleeve throat fength (182) s at least 25% of the leongth of the
shromd engagement region (1903, or the retainer engagement region length (164) when the
sleeve retainer (200} when positioned at the sleeve distal end (130} as shown in FIG. 48, In
another embodiment, the sleeve throat length (182} does not exceed 75% of the length of the
shroud engagement region (190} or the retainer engagement region length (164). The sleeve
throat length (182) and tapering throat wall thickeess (186) forms a throat angle (1843 which
acts as a ramp within the sleeve throat (180} that helps ensure proper alignment and ingress of
the expander (400) as it is drawn nto the sleeve (100), as seen i FIG. 7. Furthermore, inone
embodiment the throat angle (184} is 5-50 degrees, while in a further embodiment the throat
angle (184) is 10-45 degrees, and in an even further cmbodiment the throat angle (184) is 15-
30 degrees. The throat length (182) and throat angle (184) ensure that the shroud engagement
region (190) can casily enter the slecve throat (180} and begin the radial expansion and

cformation of the slecve (100) via the locking section (430}, while not compressing
longitudinally as the cxpander (400) is drawn into the sleeve (100).

The sleeve retainer (200} may be elastic In nature, contractible in nature, or non-

elastic in pature, but applied with a preload, and has a sleeve engagement section (210} that

cooperates with the retainer engagement region (160) to maintain the sleeve (100} in an initial
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state. As seen in FIGS. 19, 20 and 42, the sleeve engagement section (210) of the sleeve
retainer (200) has a sleeve engagement section length (212), a sleeve engagement section
mner diameter {214}, a sleeve engagement section outer diameter (216), and a retainer
diaracter (216} and the sleeve engagement section inner diameter (214). In one embodument,
the slecve engageraent section outer diameter {216) is not more than the slceve outer diameter
{140} when the sleeve retainer (200) is attached to the retainer engagement region (1603 In
anather ecmbodiment, the sleeve engagement section outer diameter (216) is 1-15% larger
thar the sleeve outer diamcter (140) when the sleeve retainer (200) is attached to the retainer
engagement region {1603, thereby providing a consistent outer surface of the blind fastener
that can casily enter workpiece openings that are extremely tight withouot snagging. In yet
another embodiment, the sleeve engagement section outer diameter (216) s less than the
sleeve outer diameter (140} when the sleeve retaimer (200} s attached to the retainer
engagement region (160}, Additionally, in one embodiment the sleeve engagement section
jength (212) s approximately the same as the retainer eogagement region length (164) in
arder to prevent overlapping of the sleeve cogagement section (210) when the sleeve retainer
(200} 1s affixed to the retaimer engageroent region (160) of the sleeve (100), while in a further
embodiment the slecve engagement section length (212) is less than the retainer engagement
region length (164) in order to prevent overlapping of the sleeve engagement section (210}
when the sleeve retainer (200) is affixed to the retainer engagement region (160) of the sleeve
{100). The sleeve engagement section length (212} may be at least 18% of the stryctural
region length (174), while in a further embodiment the slesve engagement section length
(212} is 10-50% of the structural region length (174), while in an even further embodiment
the sleeve engagerent section length (212) is a circurnfercotial recess in the exterior surface
of the sleeve (100) thereby creating at least one retainer engagement region ledge (166) to
shicld at least one edge of the sleeve retainer (200). The retainer engagement region {160} has
a retainer cngagement region wall thickness (162}, and the structural region (170) has a
stractural region wall thickness (172), whereby in one embodiment the miniraum retainer
engagement region wall thickness (162} is at least 25% of the maximum structural region
wall thickness (172) to ensure the retainer engagement region {160} does not compress
longitudinally as the expander (400) is drawn into the sleeve (100). Even further, the
minimum retainer engagement region wall thickness (162} is 25-30% of the maxinum

structural region wall thickness (172) provides the necessary strength. These relationships
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provide a sleeve retainer (200} o sleeve {100} connection that is strong enough to withstand
the forces encountered as the sleeve (100) i1s matalied and radially expanded.

In another embodiment seen in FIG. 48, the sleeve retainer (200) may be located on,
and overlap, the sleeve distal end (130} thereby forming a sleeve retaner protrusion (230). As
previously mentioned, in this embodiment the slecve retainer (200) provides the benefits
previously described as being associated with the shroud (360) embodireent. The sleeve
retainer protrusion has a sleeve retainer protrusion length (232) and a slecve retainer
protrusion width {234}, as scen in FIG. 4&. The retainer protrusion width (234) may have the
same thickness as the fully contracted sleeve retamer (200). However, in one embodiment the
retainer protrusion widih (234) is greater than the height of the retainer engagement region
ledge (166) and wraps around a portion of the slecve distal end (130) further ensuring that the
sleeve retainer (200) remains in place as the sleeve distal end (130) flares outward as the
expander (400} is drawn into the sleeve {100) as seen in FIG. 15, Taking this even further, in
the embodiment of FIG. 48 the retamner protrusion width (234) i equal to the height of the
retainer engageroent region ledge (166} and the throat wall thickness (186} at the sleeve distal
end (130). Further, in another embodiroent the sleeve reratner (200) has a sleeve engaperoent
scction fength (212) that is at least as great as the sleeve throat Jength {182), therchy further
reducing the hikelihood that the slecve retainer (200} moves out of position as the sleeve
distal end (130) flares outward as the expander (400} is drawn into the sleeve (100). Inan
even further embodiment the sleeve engagement section length (212} is at least 50% greater
than the sleeve throat length (182), and is at least 75% greater than the sleave throat length
(182} in another embodiment, while in a further embodiment the sleeve retainer protrusion
fength (232) s at least 5% of the retainer engagement region length (164). The retainer
protrusion width {234) may have a thickness that is at least 15-30 % greater than the sleeve
retainer (200) sleeve engagement section outer diameter (216) minus the sleeve engagement
section mner diameter {214}, The sleeve retainer protrusion (230} provides the benefit of
aiding in the alignrent and installation of the blind protective fastener, and also helps shield
wires, cables snd other important infrastructure from sharp edges that may form on the
expanding slecve distal end (130) during mstallation.

As scen in FIGS, 19-20, in another embodiment the sleeve retainer (200) may have a
retainer flange (220} having a retainer flange overhang (222) and a retainer flange thickness
{224}, which while illustrated at the sleeve proximal end (1203 in FIGS. 19-2¢ could also be

located at the sleeve distal end (130) as seen in FIG. 48. When positioned at the sleeve
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proximal end (120), the retainer flange overhang (222) helps seal both the mternal structure
of the workpieces and the blind fastener from the natural elerents. Additionally, the retamer
flange thickness (224) is sufficient to form a water tight gasket when the blind fastener is
actuated o a locked state.

As seen in FIGS, 21-22, onc embodiment may incorporate a single sleeve retaimer
{200} Alternatively, the embodirsent of FIGS. 21-22 may also fncorporate a slecve distal end
{130} sleave retainer (200), such as that scen in FIG. 48, or the sieeve distal end (130} shroud
(300} as illustrated in FIGS. 21-22. Further, the embodiment of FIGS. 19-20 may incorporate
a sleeve proximal end (126) sleeve retainer (200), either with or without a retainer flange
{200}, in unison with a sleeve distal end (130} slecve retainer (200), such as that seen in FIG.
48, or the sleeve distal end (130) shroud (300) as iltustrated in FIGS. 19-20. Even further, in
the embodiments of FIGS. 36-41, a single sleeve retainer (200) may encircle majority, or all,
of the sleeve {160), as will be explained in greater detail later, which may be used alone or in
combination with any of the disclosed sleeve retainer (200) and/or shroud (300)
embodiments.

o some embodiments, seen in FIGS. 36-41, a siceve retainer (208) may be made of a
contractible material, which may be incorporated individually into the blind fastener or may
be applied in addition to at least one other sleeve retainer (200). In this emebodiment the
sleeve retainer (200} has a sleeve engagement section (210), as seen in FIGS. 36 and 3§,
which cooperates with the retainer engagement region (160} after contraction to maintain the
sleeve (104} i an initial state. The retainer engagement region {160) may be recessed as
illustrated in FIGS. 19, 20, 21 and 48. Alternatively, the retainer engagement region (168}
may be on a non-recessed sleeve {100} retaimer engagement region (160), as illustrated in
FIGS. 40, 41 and 42, which may siroply be the exterior surface ofthe sleeve (100). Inone
contractible material sleeve retainer (200) embodiment the sleeve retainer (200) has a sleeve
engagement section length (212) prior to coutraction that is at least 25% of the retainer
engagement region length (164), which means that in one embodiment the sleeve engagernent
section length (212} prior to contraction is at least 25% of the overall sleeve length {(135). Ina
further contractible material slecve retainer (200) embodiment the siceve retainer (200) has a
sleeve engagement section length (212) prior to contraction that is at least 50% of the retainer
engagernent region length (164), which means that in one embodiment the sleeve engagement
section length (212) prior to contraction is at least 50% of the overall sleeve length (155). In

vet another contractible material sleeve retainer (200} embodiment the sleeve retainer (200}
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has a sleeve engagement section length (212) prior to contraction that is at least 75% of'the
retainer engagement region length (164), which means that m one embodirment the sleeve
engagement section length (212) prior fo contraction is at least 75% of the overall sleeve
tength (155). While an even further contractible material sleeve retainer (200) embodirent
bas a slceve engagement section length (212) prior to contraction that is at least 100% of the
retainer engagement region length (164), which means that i one embodiment the sleeve
engagement section fength (212) prior to contraction is at lcast 100% of the overall slecve
length (155}, Another embodiment is designed to encircle the entire sleeve length (155) post-

contraction of the sleeve retainer (200), and therefore has a sleeve engagement section length

{212} prior to contraction that is at least 110% of the retainer engapement region length {164},

which means that in one embodiment the sleeve engagement section length (212} prior to
contraction is at least 110% of the overall sleeve length (155), and thus at least partially
wraps either the sleeve proximal end (120}, the sleeve distal end (130}, or both, upon
contraction.

Such contractible material slecve retaioer (200) emboduments bave a pre-contraction
tner and outer sleeve cogagement section diameter (214, 216), as scen i FIG. 42.
Furthermore, the pre-contraction sleeve engagement section inner diaraeter (214) is at least
5% larger than the sleeve retainer engagement region diameter {168}, During assembly the
sleeve (100) is positioned inside the sleeve retainer (200), as seen in FIGS. 37 and 38, which
may inchide the use of a temporary mandrel to position the sleeve (100}, or the sleeve (108}
may already be positioned on a tensioning section (430) of the expander {(408). Then a slecve
retainer (200) contraction activation means (H) is applied to the slecve retainer (200). The
contfraction activation means (H) may include, but is not limited to, heat activation and/or
dehydration activation. For mstance, m one embodiment, a heat activated sleeve retainer
(200} ray be a shrink wrap sleeve that may be made of, but is not limited to, PETG, PV,
OPS, PE, or PLA shrink filros. In another embodiment, that uses dehvdration activation, the
sleeve retainer (200) may be a shrink wrap slecve made of, but not limited to, gelatin and
collagen materials.

In other embodiments that have shrink wrap covering 100% of the sleeve (100} outer

surface, the shrink wrap sleeve retainer (200) presents 2 scamless outer surface thereby

further redncing the likelihood of snagging any of the components of the blind fastener ay it ix

instalied. Additionally, the shrink wrap sleeve, or any portion of the sleeve retainer (200},

may be printed with installation instructions and warnings for the end user, and may be color
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coded to easily inform the user of an attribute of the bhind fastener. For instance in one
embodiment the color of the contractible material sleeve retainer (200) is indicative of the
length of the blind fastener, or the thickness of the workpiece jomnt that may be joined via the
blind fastener; whereas in another embodiment the color 18 indicative of the diameter of the
blind fastener, or the size of the opening in the workpicces that may be joined via the blind
fasteoer.

Furthermore, i some embodiments the slecve retainer {200) ensures the components
of the sleeve (100} and expander (400} remain together during shipping and instaliation,
which improves worksite safety, particularly when the blind fastener is in the process of
being installed high above the ground. After the slecve retainer (200) has been fully
contracted the sleeve engagement section inner diameter (214} 18 approximately the same as
the retainer engagement region diameter (168) wherein the sleeve retainer engagement
section {210} is in physical contact with the retainer engagement region {160) and imparts a
rachally compressive load on the sleeve (100}, In yet another embodiment the contractible
slecve retainer (200} covers a portion of the sleeve (100), a portion of the expander (400}, and
a partion of the nut (500); while in a further cobodiment it also covers a washer system (600)
located between the nut (500) and the slecve (100) thereby holding all of the components of
the blind fastener together in a predetermined relationship.

With reference to FIGS. 36-41, in onc embodiment the fully contracted sleeve retainer
(200} is provided on the retainer engagement region {160} located on the sleeve proximal end
{128 and extends from the sleeve proximal end (120) towards the sleeve distal end (138}, In
another embodiment, the contracied sleeve engagement section length (212) is at least 25% of
the sleeve length (155}, In another embodiment, the contracted sleeve engagernent section
fength (212} 1s at least 50% of the sleeve length (155). In yet another erobodiment, the
contracted sleeve engagement section length (212) is at Jeast 75% of the sleeve length (155).
1o one embodiment, the fully contracted sleeve retainer (200) is provided on the retainer
engagement region {160} located on the sleeve distal end (130) and extends from the sleeve
distal end (130} towards the sleeve proxinal end (120}, In another embodiment, the
contracted slecve engagerent section length {212) is at feast 25% of the sleeve length (155).
In yet another embodiment, the contracted sleeve engagement section length (212) is at least
50% of the sleeve length (155}, In still another embodiment, the contracted sleeve
engagemnent section length (212) is at least 75% of the sleeve length (155). In other

embodiments the sleeve retainer (200} and retainer engagement region (160) mavbe offset
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from the sieeve proximal end {120) or the sleeve distal end {130}. In another embodiment, the
sleeve retainer and retainer engagement region (160} maybe located at the sleeve length (155)
midpoint, as seen m FIGS. 21 and 22. In yet another embodiment, the sleeve (100) roay have
at least two sleeve vetainers (200). Tn one embodiment the sleeve (100) may be provided with
two retainer engagement regions {160) and twa sleeve retainers (200), baving one retainer
engagement region {160} and one sleeve retatver (200} located on the sleeve proximal end
{120} and the other retainer engagement region (160} and sleeve retainer (200) located on the
sleeve distal end (130). Alternatively, in another embodiment, the sleeve (100) may be
provided with two retainer engagement regions (160) and sleeve retainers (200}, having one
retainer engagement region (160} and one sleeve retainer (260) located on the sleeve
proximal end (128) or sleeve distal end (138) and the other retainer engagement region (160)
and sleeve retainer (200} located on the sleeve length {155) midpoint. In yet another
embodiment, the fully contracted sleeve retainer (200) fully encompasses and engages the
retainer engagerment region { 160}y wherein the retainer engagernent region length (164} 18
substantially equal to the sleeve length (155).

The use of sleeve retainer (200) made of a contractible material installed, or shrunk,
around at least a portion of the sleeve (100} aficr the sleeve (100} is positioned on the
expander (400) offers several advantages. The compressive radial foree exerted by the
contractible slecve retainer (200) forces the sleeve {100} against the expander (400) and
kecps it in place. For example in FIG. 29 the contractible sleeve retainer (200} is applied after
the sleave (100} is positioned on the tensioning section {450) of the expander (40{), which
effectively locks the sleeve {(100) on the lensioning section {(450) because the sleeve mner
diarneter (150} 1s less than the expansion section diameter (442).

Referring again to FIGS. 36-41, the contractible sleeve retainer (200) may be sized to
extend beyond an end, or both ends, of the sleeve (100), and thereby also engage a portion of
the expander (400). In onc embodiment the contractible sleeve retamer (200) s specifically
sized to extend beyond one or both ends of the slecve (100) and engage the expander (400) at
each end of the sleeve (100}, This is particularly beneficial in & further embodiment in which
the blind fastener includes factory installed thread lubricant, often referred to as anti-seize or
bolt lubricant. Thread lubricant is ofien cssential to achicve the necessary tension in blind
fasteners used in structural connections. For example, looking at the embodiment of FIGS.
26-28, a thread lubricant may be applied to 4 portion of the tensioning section (450), the

sleeve {100) may be positioned over the thread lubricant, and then the contractible sleeve
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retainer {200} may be applied to cover the assernbly. The thread lubricant may include

compositions of o1l, grease, wax, graphite,

and/or molybdenum disulfide. In one embodiment
the thread lubricant includes a solid lubricant i a paste formulation to provide a consistent
coefficient of friction and a paste that does not evaporate and 1s resistant to washout. Such
solid lubricants include, but are not liouted to, MoS,, white solids, graphite, copper,
zirconium dioxide, and PTFE. o one paste embodiment the base oil 15 a glycol, and tnan
even further embodiment the paste meludes a polyatkylene glycol base eil. The contractible
sleeve retainer {Z00) retains the thread lubricant and is constructed of an oif resistant material
that does not break-down when it is in contact with the thread lubricant, and therchy prevents
the thread labricant from coming in contact with the installer’s hands, which is very
beneficial considering that these blind fasteners are often installed several hundred feet above
the ground. Additionally, in another embodiment the expander (400) incorporates an anti-
friction coating to provide a dry lubrication that does not attract dirt and dust such as a dry
film lubricant spray. In a further embodiment at least a portion of the nut (508) includes an
anti-friction coating, which in one embodiment s applied to the side of the nut (500) in
contact with the washer system {600). In another embodiment at least a portion of the washer
systern (600} includes an anti-friction coating, which in once cmbodument is applied to the
portion of the washer system (600) that is in contact with the nut (500).

Alternatively, at least a portion of the sleeve retainer (200} may be elastic, which may
include a sleeve retainer (200) having quasi-rubber band qualitics and characteristics. In fact,
the sleeve retainer (200) may be made of natural rabber, synthetic rubbers incloding, but not
Himited to, nitrife and butyl rubbers, and polymers. An elastic slesve retainer (204} allows the
sleeve engagement section {210) to stretch over the retainer engagement region (160}, and
also allows the sleeve (100} to expand when the expander (400} is drawn into the sleeve
(100). Further, an elastic sleeve retainer (200) may be sized to remain in tension when
cooperating with the retainer engagement region (160) to securely hold the two or more
sleeve sections firmly in an aligoed wnitial state, as scen 1 FIGS. 6 and 8.

Regardiess of the type of sleeve retainer (200), the initial state of the sleeve (100}, and
the associated properties, are defined when the sleeve (100) is on the tensioning section (430)
of'the expander (400), as seen in FIG. 29, and in cross-section in FIG. 6. fn some
emnbodiments a mufti-section sleeve (100} Is assembled and then shid onto the tensioning
section {450), while in other embodiments the multi-section sleeve (100} may be assembied

on the tensioning section (45{) and in effect using the expander (400} to aid in the assembly
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of the multi-section slecve (100} until the sleeve retaimer (200}, or sleeve retainers {200},
and/or shroud (300) are in position and keep the sleeve (100) in an assernbled state.
Regardless, at least one point along the sleeve length (155) has the sleeve nner diameter
{150) in the initial state less than the maxinum expansion section diameter (442), thereby
preventing the majority of the sleeve (100} from coming in contact with the cxpansion section
{440y uotil the blind fastener is in use, although as seen in FIG. 29 a portion of the sleeve
throat (180}, scen in FIG. 20, may extend beyond the expansion section transition {444)
without resulting in an increase in the sleeve outer diameter (140).

In the multi-section sleeve (100} embodiment of FIGS. 6 & 8, the edges of cach
sleeve section {101, 102, 103, 104) arc in contact with the edges of the adjacent sleeve
sections in the initial state, and a small gap is illustrated between the sleeve inner diameter
{150} and the expansion section diameter (442). Thus, in this embeodiment the sleeve retainer
{200y and/or shroud (300} is applying a radial compressive force on the sleeve sections (101,
102, 103, 104) and maintaining their edges i contact, however in this position there is no
radial conpressive force transferred fron the sleeve (100) to the expander (400) because the
edges of the sleeve sections (101, 102, 103, 104) contact cach other. However, one skilled in
the art will appreciate that the sleeve sections (101, 102, 103, 104) may be sized so that the
cdges do not contact one another when positioned about the expansion scction {440), and
therefore the radial compressive force may be transferred from the sleeve (100} to the
expander (400). In fact, in one embodiment the radial compressive foree is large enough to
overcome gravity and keep the sleeve (100) from sliding off the expander (400}, even in the
grientation of FIG. 29, rotated 180 degrees; and in one embodiment the radial compressive
foree is at least 1 ibf, while in a further embodiment it is at least 2.5 1bf) and in yet another
embodiment it is at Jeast 5 bf The sleeve (100} also has an expanded state which defines the
characteristics of the sleeve (100) when a portion of the expansion section (440) of the
expander (400} bas been drawn into the structural region (170) of the sleeve (100) and
cxpanding at least a portion of the structural region (170} of the sleeve (100) from the mitial
state to this expanded state. Further, as a portion of the locking section (430} is drawn past
the sleeve distal end (130) toward the slecve proximal end {(120), it expands, or deforms, at
least a portion of the sleeve distal end (130) to a locked state, as scen in FIGS. 13 and 15.

in the embodiments in which at least one point along the sleeve length (155) has the
sleeve inner diameter (15G) in the initial state less than the maximum expansion section

dismeter (4423, thereby preventing the majority of the sleeve (100) from coming in contact
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with the expansion section {440) antil the blind fastener is in use, one benefit 1s the to ease of
mstatlation of the blind fastener into the fivst and second workpiece opemings (722, §22).
Furtherrnore, the sleeve retamer (200) may be located on and overlap the sleeve distal end
{130) thereby forming a sleeve retainer protrusion (230). The sleeve retainer protrusion has a
sleeve retainer protrusion length (232) and a sleeve retainer protrusion width (234), as scen in
FiG. 48. The retainer protrusion width (234) may have the samce thickness as the fully
contracted sleove retainer (2003, Alternatively, in one embodiment, the retainer protrusion
width (234} may have a thickness that is at least 10-30 % greater than the sleeve retainer
{200} sleeve engagement section outer diameter (216} minus the sleeve engagement section
inner diameter (214}, In another embodiment, the retainer protrusion width {234) may have a
thickness that s at least 15% to 30% greater than the sleeve retainer (200) sleeve engagement
section outer diameter (216} minus the sleeve engagement section inmer diameter (214). The
sleeve retainer protrusion {230) provides the benefit of aiding in the alignment and
mstallation of the blind protective fastener and also helps shield wires, cables and other
important infrastructure froro sharp edges that reay form on the expanding sleeve distal end
{130y during installation. The slecve retainer (200) may cooperate with the sleeve proximal
end (120), as scon in FIG. 19 and 20, or may be located at other locations throughout the
length of sleeve (100). One advantage of the sleeve retainer (200} located on the sleeve
proximal end {120) is that it allows for a greater sutface arca of the structural region (170) to
be in contact with the walls of the first and sccond workpicce openings (722, 822} and docs
not run the risk of aligning with the workpiece interface (900} which would create an elastic
void in the shear plane. Further, in another embodiment the shroud (300, located at the
opposite end of the blind fastener, may also be elastic and stretch over the shroud engagement
region (190), and also allows the sleeve (100) to expand when the expander (400) is drawn
into the sleeve (100). Further, the shroud (300) may be sized to rerpain in tension when
cooperating with the shroud engagement region (190} to securcly hold the two or more sleeve
sections firmly in an aligoned nitial state, as scen in FIGS. 6 and 8. Thus, the sleeve retainer
{200} may exert a retainer force on the sleeve (100), and if present, the shroud (300) may
exert a shroud force on the sleeve (100). In one embodiment a first retainer force is applied to
the sleeve proximal end (120} and a second retainer force is applied o the sieeve distal end
{130); and the second retainer force is £ 20% of the first retainer force to present a relatively
balanced load on the sleeve (100). In yet & further embodiment these elements and their

associated forces are located at opposite ends of the sleeve (100) and they are designed so
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that retamner force is + 50% of the shroud force, while in another ermbodiment the retainer
foroe is + 25% of the shroud force, and W an even further embodiment the retainer force is +
13% of the shroud force. Such balanced compressive loadimg ofthe sleeve (100) ensures the
mdividual sections of the sleeve (100) remamn n the desired position m the initial state and
simplify the assernbly process.

In vet another embodiment, the sleeve retainer (200) may be made of a non-clastic
non-contractible material such as, but not limited to, a non-clastic plastic or metal band,
having a sleeve engagement section {210}, which slips around, or is wrapped around, the
retainer engagement area {160, wherein the retainer engagement region diameter (168) ig
approximately the same as the sleeve retainers (200} sleeve engagement section inner
diameter (214). Furthermore, the sleeve retainer (200} may be finther secured to the sleeve
{100} by a layer of adhesive located between the retainer engagement area (160) and the
sleeve engagement section (210).

Now turning to the expander (400}, as seen in FIGS. 17, 18, 25, and 26, it has an
expander proximal end (410), an expander distal end (420), a tensioning soction (450), a
locking section (430), and an expansion section (440) between the tensioning section (450)
and the locking section (430). The tensioning section (450) has a tensioning section diameter
{(452) and a tensioning section length (454). Additionally, the locking section {(430) has a
focking section diameter {432), and the expansion scction (440} has an expansion section
diameter (442} and an expansion scction transition (444), as iltustrated in FIG. 17. In some
smbodiments the tensioning section (450) may inclode a tensioning section gripping region
{456}, which may be an external surface as seen in FIG. 17, or an internal socket as seen in
FIG. 1R,

All of the disclosed relationships herein, including the lengths, angles, diameters,
thicknesses, strength, elongation, and harduess, amoung the various portions of the expander
{400} and the various portions of the sleeve (100), play an important role in the casc of
mstallation and performance of the blind bolt, particularly when the blind fastener must be
instalied with a preload of at least 70,000 bf. As previously touched upon one application of
the blind fastener is in tower construction, and specifically in wind turbine tower
construction. In such applications the tower is structural steel, and therefore the bolting in the
tower sphices must come under the Research Council on Stractural Connections. This is the
North American body that writes the design and installation specifications which govern all

bolted stractural steel connections. The only way to cnsure that the bolts are going to survive
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mn service 1s to get themn uniformly tightened, read tensioned or loaded, o a very high
percentage of theiwr strength, which is the best insurance agamst loosening because the
correctly tensioned bolts will not see very much change in tension as the external service
loads vary. Correctly tensioned fasteners only experience a smoall percentage change in
tension as external loads vary and therefore have an extremely long, practically infinite,
fatigue lite. However, if the fasteners are not tensioned correctly they will experience a large
percentage change in tension, cyclically, and their resideal clamping force will gradually
diminish. Once the clamping force has dropped significantly, every cycle of external load
will change the force in the fastener by a very high percentage, and the fatigue life of the
fastener will limit its serviceability. Unlike many fasteners, the present blind fastener is
specifically designed to encovirage proper tensioning of the expander {400} and radial
expansion of the sleeve (100} to engage the workpieces (700, 800}, while still improving
upon the case of instaliation and incorporating protective features. In one particularly
effective embodiment the expansion section diameter (442 1s at least 7.5% greater than the
tensioning section diarseter (452), and the locking section diameter (432) is at least 15%
greater than the expansion section diaroeter (442), while the structural region (170) has a
structural region wall thickness (172) that is less than a difference between the locking
section diameter (432) and the tensioning section diameter (452). While the previous
embeodiment includes a minimur relationship between the expansion section diameter (442)
and the tensioning section diameter (452), as well as the locking section diameter (432) and
the expansion section diameter {442), ancther embodiment recognizes preferred performance
in a range with an upper boundary. In this embodiment the expansion section diameter (442)
1s no more than 15% greater than the tensioning section diameter (452); while 1n an even
further embodiment the locking section diameter (432) is no more than 30% greater than the
expansion section diameter {442), thereby providing a blind fastener that does not require
drastically oversized workpicce openings (720, 820) and improves shear load distribution to
the blind fastener at the workpiece tterface (900).

With reference to FIGS. 17, 18, and 20, the locking section (430) has a locking
section transition length (436) and a locking section transition angle (435), the expansion
section {440} has an expansion section transition length (446} and an expansion section
transition angle (445), and the structural region (170) of the sleeve (100} has a structural
region length (174). The relationships of these lengths and angles promotes preferred loading

of the expander (40{) to achieve the necessary preload, as well as expansion of sleeve (100)
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to engage the workpiaces (700, 800). In one such embodiment the locking section transition
fength (436) is at least twice the expansion section transition length (446), and the expansion
section length (448} is at least 25% of the structural region length (174).

In a further embodiment the expansion section length (448} is 25-75% of'the
structural region length (174), further providing great flextbility for the blind fastener and
assuring a solid plane of the sleeve (100) and the expansion section {440) at the workpiece
mmterface (900}, As seen in FIG. 20, the sleeve distal end (130) has a sleeve throat {180}
having a throat length (182) and a throat angle (184). In onc embodiment the throat angle
{184} is 5-50 degrees, and the throat angle (184} is less than the expansion section transition
angle (445), seen i FIG. 18, thereby providing a rather distinet point of expansion of the
sleeve {100}, which allows for gradual loading of the expander (400) as the expansion section
transition {444) wedges the sleeve (100} radially against the workpieces (700, 800) as the
expander (400} is drawn into the sleeve {100). Additionally, this virtually immediate
engagement of the nterior of the sleeve (100) with the expansion section (440), within five
rotations of the nut (300) around the tensioning section (450), and the associated engagement
of the exterior of the sleeve (100) with the warkpieces (700, 800) allows the blind fastener to
be installed with a single too! rotating the nut (500), without the need for a scoond specialized
tool to hold the slecve (100) and/or expander (400) and prevent them from rotating. While the
sleeve (100) and/or expander (400) may rotate initially for five scconds or less, by the time
the nut (500) has rotated around the tensioning section (450) five times the sleeve (100} will
have engaged the workpicees (700, 800) and the expansion section (448} will have engaged
the sleeve (100} such that sleeve (100) and the fastener (400} no longer rotate.

In ancther embodimsent the relationships of these lengths and angles achieve
engagement within three rotations of the nut (300} around the tensioning section {(450) ina
tiroe period of less than two seconds. In a further embodiment embracing the initial rapid
radial expansion ot the sleeve (100} over the expansion section transition (444) and later
gradual deforrpation of the sleeve distal end (130) by the locking section transition {(434) and
final loading of the expander {400}, the locking section transition angle (433} is lexs than 50%
of the expansion section transition angle (445). In an even further cmbodiment the throat
angle (184) is greater than locking section transition angle (435); while in another
emnbodiment the throat angle (184) 1y at least § degrees less than the expansion section
transition angle (445), and the throat angle (184} is no more than 15 degrees greater than

lecking section transition angle {(435). This preferential loading is exhibited in another
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embodiment in which the throat length (182) 1s greater than the expansion section transition
fength (446), and the locking section transition length (436) is greater than the expansion
section transition length (446). Tn one particular embodiment the length of the expander (400)
from the expander proximal end (410} to the expander distal end (420} 15 at least 100 mm,
while in another embodiment 1 18 at least 150 mm, and 15 at least 200 rom in a further
embodument. Additionally, in one embodiment of the blind fastener the tensioning section
diameter (452} is at least 0.757, while in another embodiment it is at least 1.257, and is at
least 2.6 i a further embodiment. Such long lengths and large diameters require unique
relationships to ensure ease of installation, engagement of the sleeve (100}, and the ability to
achiove the necessary tension in the expander (400); relationships that are largely #relevant
to conventional fength and diameter blind bolt assemblies. The surface of the locking section
transition {434) may include a friction enhancing surface pattern to reduce the likelthood of
the sleeve (100} and expander (400) rotating with respect o one another once the locking
section transition (434) has engaged the sleeve (100). In one such erabodiment the surface
pattern is a friction promoting stippling patters, whereas in avother embodiment i includes a
series of Jongitudinal chanoels.

Further, in onc cmbodiment the tensioning section diameter (452) 18 75 to 95% the
diameter of the expansion section (440). The tensioning section (450} may utilize a2 threaded
systern, shown in FIGS. 17, 18, 23 and 25, to actuate the expander (400) while putting the
blind fastener in a locked state by rotational forces applied to either the nut (500), or in some
embodiments the tensioning section gripping region (456}, Testing has shown that an
advantage of the present invention is that a teasioning section gripping region {456) 18 not
actually required to prevent the expander (400} from rotating as the nut (500} is turned to
draw the expander {(400) into the sleeve (100). The tight fit of the expander (400) and the
edges of the sleeve {100} cooperate to prevent the expander (400) from rotating as the mu
{500} rotates and draws the expander (400) into the sleeve (100}, In one particular
cmbodiment at least a portion of the expander (400) is composed of meaterial having a
Rockwell B-Scale hardness that is at least 10 units higher than the Rockwell B-Scule
hardness of the sleeve (100), while in a further embodiment the Rockwell B-Scale hardness
differential is at least 15 units, and in an even further embodiment the Rockwell B-Scale
hardness differential is at least 20 units. In even further embodiments the tensioning section
gripping region (456) may be in the form of bolt head, as seen in FIGS. 23 and 24, or

recessed in the expander proximal end {410}, as seen in FIG. 18
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The expansion section (440} serves the purpose of expanding the sleeve (100) so that
the sleeve outside diameter {140} 18 approximately the same as the first workpiece opening
diarneter (722) and second workpiece opening diameter (822), as illustrated in FIGS. 8-11,
while exerting a substantial radial load on the apenings (720, 820}, In one embodiment, the
pre-installed slecve inner diaracter (1503 15 3 to 20% sroaller than the expansion section
diarocter (442). In another erobodiment, the pre-installed sleeve inner diaroeter (1580} is 5 to
15% smaller than the expansion section diameter (442). In yet another embodiment, the
cxpansion section diameter {442) is 5 to 20 % smaller than the locking section diameter
{432} In another embodiment the expansion section diameter (4423 15 7.5 to 15 % smaller
than the locking section diameter (432). However, in an alternative set of embodiments the
pre-installed sleeve inner diameter (150) 1s approximately equal to, or larger than, the
expansion section diameter {(442); thus in a further embodiment the pre-installed sleeve inner
diameter (150) 18 0.1 to 10% larger than the expansion section diameter {(442), while in
another embodiment it 15 1 to 5% larger than the expansion section diameter {442), and n an
even further embodiment i is 2.5 to 5% larger thao the expansion section diameter (442},

Iv order to ensure proper alignment and ingress of the expander (400), the expansion
scction (440) has an expansion scction travsition (444), as scen i FIG. 18, having an
expansion section transition angle (445} and cxpansion section transition fength (446). In
combination, the section transition angle (445) and expansion section transition length (446)
form a ramp that cngages the sleeve throat (180), thereby foeding the expansion section (4403
into the sleeve (100} when the protective blind faster is actvated. Farthermore, in one
embodiment the expansion section transition angle (445} is 5-50 degrees, while in a further
embodiment the expansion section transition angle (445} 18 10-45 degrees, and in an even
further embodiment the expansion section transition angle (445} is 15-30 degrees. Inone
embodiment the expansion section transition angle (445} s equal to the throat angle (184). A
further variation incorporates an expansion scction transition angle (445) that is at least |
degree greater than the throat angle (184}, but preferably less than § degrees greater than the
throst angle (184).

The locking section diameter (432) may be 5-25% larger than expansion section
diameter (442}, but the locking section diameter (432) may be cqual to, or less than the sleeve
outer diarneter {140). In another embodiment, the locking section diumeter (432) 18 1-10%
smaller than the sleeve outer diameter {(140). These unique relationships of the diameters

ensure that the components of the blind fastener are compactly configured for instailation, ye
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the expansion section (440} serves to expand the sleeve {100} so that the sleeve (100) and the
expansion section (440) completely fill the first workpiece opening (720) and second
workpicce opeming (820) to create a solid roetal shear plane at the workpicce mterface (900).

Furthermore, the locking section (430) has an overall locking section length (438) that
moludes a locking scction transition {434) that has a locking section transition angle {(435)
and a locking section transition Jength (436), as illustrated m FIGS. 17 and 18. In
contbination, the locking scetion transition angle (435} and a locking section transition length
{436} form a ramp that engages the sleeve proximal end (120} and deforms the skeeve (1003,
thereby locking the blind fastener into place. In another embodiment, the locking section
{430) includes a plurality of individual ramps, cach having their own the locking section
transition angle (435) and a locking section transition length (436), as seen in FIG. 25 Inone
embodiment the locking section transition angle (435) is 5-50 degrees, while in a further
embodiment the locking section transition angle (435} is 10-45 degrees, and in an even
further embodiment the locking section transition angle (435) is 13-30 degrees. In one
embodiment the locking section transition angle (435} is equal to the throat angle (184). A
further variation incotporates a Jocking section transition angle (435) that is at lcast | degree
greater than the throat angle (184), but preferably less than 5 degrees greater than the throat
angle (184).

Furthermore, in onc embodiment, the locking section diameter (432), scen in FIG. 17,
is §-5% smaller than the sleeve (100) retainer engagement region diameter {(168), seen in
FIG. 20. In another embodiment, the locking section diameter (432) is 1-20% larger than the
sleeve (104} retainer engagement region diameter (168). In yet another embodiment, the
focking section dameter (432) 18 S-15% larger than the sleeve (100) retainer engagement
region diameter (168).

In an alternative embodirsent of the blind fastener, the expander (400) is composed of
a tensioning section (450) that is separate and distinet from an expansion section (440}, as
seen i FIGS. 23 and 24. In this embodiment, tensioning scction (450} engages threads ina
bore located in the part composed of the expunsion section {440) and locking section {(430).
As the tensioning section (450} is sctuated, the part composed of the expansion section (440)
and locking section {(430) is drawn into the sloeve (100), thereby locking the blind protective
fastener into place.

Referring back to FIG. 17, one particular embodiment has an expansion section

dismeter (442} that is 7.5-15% greater than the tensioning section diameter (452}, and
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locking section diameter (432} that is 15-30% greater than the expansion section diameter
{442). In a further embodiment the locking section transition length (436) 15 at least twice the
expansion section transition length (446), and the expansion section length (44R8) s at least
25% of the structural region length (174). In yet a further ernbodiment the expansion section
ength (448} is 25-75% of the structural region length (174). Another embodiment
mcotrporaies a Jocking section transition length (436) that 18 greator than the shroud
engagement region length (192} These relationships provide preferred radial and longitudinal
leading of the sleeve (100}, whike facilitating smooth ingress of the expander (400} into the
sleeve (100} and preferred deflection of the sleeve distal end (130) for secure locking of the
workpieces.

In one embodiment, seen in FIG. 26, the expander {400} inchides a region of expander
mdicia (460} that is discernable by & person, such as an inspector or foreman, analyzing the
instalied blind fastener using binoculars from a distance of at least 100 vards. The expander
mdicia (460} casily mforros a user of an attribute of the blind fastener. For instance in one
embodiment the expander fndicia (460} ts a color coded region on the expander (400). Inone
embodiment the color of the expander (400) 15 indicative af the length of the blind fastener,
or the thickness of the workpicee joint that may be joined via the blind fastener; whereas in
another embodiment the color is indicative of the diameter of the blind fastener, or the size of
the opening in the workpicces that may be joinod via the blind fastener. For example, in one

embeodiment the expander indicia (460) is indicative of the allowable joint thickness to be

joined via a specific blind fastener, and the indicia (400} is visible from long distances. Thas,

an inspecior would be able to remain on the ground consulting the blueprints of a new tower
and then look up at the constructed tower and identify whether the blind fastener identified on
the plans was indeed the one used in construction. fu one embodiment the expander indicia
(460} covers at least 25% of the exposed surface area of the tensioning section (450), located
external to the workpicces (700, 800) and nut {(500); while in a further embodiment the
expander indicia {460) covers at least 50% ot the exposed surface area; and in yot a further
embodiment the expander indicia (460) covers at 1.0 square inch of the tensioning section
{450}. In one embodiment the color coded expander ndicia (460} also corresponds with the
color coding of the sleeve retainer (2003, thereby creating a system in which the installer can
castly identify the proper blind fastener for a particular locations and install it, und then the

inspector can easily verify from a distance that the proper blind fastener was indeed installed.
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Additionally, as seen in FIG. 51, the externally exposed portion of the expander (400}
may serve many important functions. For instance, the tensioning section (450}, which is
generally threaded, may provide an exira inch or more of available veal estate along the
exposed portion of the tensioning section (450) to attach any number of accessories,
mcluding, but not limited to, an anchor (1300), or an attachment device (1100}, such as the
tlustrated step. Such anchors (1000} are particularly important during the construction of a
tower and provide workers with virtually Hmitless locations to tic-off their safety lines.
Additionally the anchors (1000} may be used with suspension equipment such as a suspended
hoist work platform, lift, or bosun’s chair. Further, this blind fastener desipn’s extra inch or
more of available real estate along the exposed portion of the tensioning section (458)
provides great flexibility for later reinforcing of the tower, for instance as the technology of
wind generators advances and necessitate the tower to support greater loads.

In one particular embodiment the blind fastener has a sleeve (100} having 2 sleeve
proximal end (120), a sleeve distal end (130), a slecve outer diameter (140), a sleeve inner
diameter (150}, a retainer engagement region (160), and a structural region (170}, as seen in
FIGS. 19 and 20. Additionally, the blind fastener has a sleeve retainer (200) having a sleeve
engagement section {210) that cooperates with the retainer engagement region (160) to
maintain the sleeve (100} in an imitial state. In addition to the sleeve retainer {2006}, the blind
fastener has an expander (400) having an expander proximal end (410), an expander distal
end (420), a tensioning section (450), a locking section (430), and an expansion section (440)
between the tensioning section (450) and the locking section {430}, wherein the expansion
section (440) has an expansion section diameter (442) and an expansion section transition
{444}, as scen i FIG. 17, and at least one point along the length of the sleeve (100) has the
sleeve inner diameter (150) in the fmtial state less than the maximum expansion section
diarneter (442). Furthermore, the blind fastener may have a shroud (300} that cooperates with
a pottion of the sleeve (100) and encloses at least a portion of the expander (400) and a
pottion of the sleeve (100), as seen m FIGS, 5,7, 9, 11, 13 and 15. The blind fastener has a
nut {500) wherein a portion of the expander (400) passes through the sleeve (100} to
cooperate with the nut (500) so that relative rotation of the expander (400) and nut (500)
draws the expander distal end (420) toward the sleeve proximal end (120), thereby drawing a
portion of the expansion section (440) of the expander {400) into the structural region {(170)
of the sleeve (100), as seen in FIG. 11, and expanding at least a portion of the stroctural

region {170) of the sleeve (100) from the initial state to an expanded state, as seen in FIG. 12,
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This also draws a portion of the locking section (430) past the sleeve distal end {130} toward
the sleeve proximal end (120} and expands at least a portion of the sleeve distal end (130) 10 &
lacked state wherehy the sleeve distal end (130) has been deformed to the point that it s
larger than the opening in the workpieces and therefore cannot be withdrawn, as seen best in
FIG. 15. 1o some cobodiments a shroud (300}, or a portion of a slecve distal end (120} sieeve
retainer (200} as scen in F1G. 48, encloses a portion of the sleeve (100) in the locked state as
seen in FIGS. 13 and 15, Thus, the shroud (300}, or sleeve distal end {120) sleeve retainer
(2003, must accommodate both the radial cxpansion from the initial state to the expanded
state as the cxpansion section (440} forces the sleeve (100) outward and into contact with the
workpieces, as well as accommodate the change in shape of the sleeve distal end (130) as the
locking section {430} bends the sleeve distal end (130) outward.

In one embodiment the blind fastener’s mininnmm sleeve inner diameter (150)
imcreases at feast 2.5% from the initial atate to the expanded state to fill both the first and
second workpiece openings (722, 822). The expanding sleeve serves to clinunate any
movement in the workpieces in relation to one another due to loose fitting fasteners; reduces
the likelibood of fasteners failings due to shear loading on the fastener; and allows the blind
fastener to lock into place. As seen in FIGS. 9, 10, and 11, the bhind fastener has expanded so
that the shear plane, located at the workpicce interface (S00), is effectively completely filled
with the structural material of the sleeve (100} and expansion section {(440). Further, the blind
fastener has forced the fiest workpicce (700} and the sccond workpiece (800} together to
reduce the Hkelihood of any voids in this high stress area. The ability to have radial
expansion of the sleeve (100) from the initial state (o the expanded state ensures that workers
will not oversize the openings in the workpicces, as is often the case, which leads to loose
joints, misalignment, and shear plane problems. Another embodiment provides even further
flexability by having the blind fastener’s miniowimn sleeve jnner diameter (150) increase at
least 3.5% from the mitial state o the expanded state to fill both the first and second
workpicce opernings {722, 822); while an even further ernbodiraent has found a preferential
range of expansion of minimur sleeve inner diameter (150} to be 2.5-5% from the initial
state to the expanded state.

In the embodiment of FIG. 5, the blind fastener has been mseried into the workpieces
but has not yet been actuated, meaning the expansion section (444 of the expunder (400} has
not yet been drawn into the sleeve (100}, as shown in FIG. 7. Therefore, in one embeodiment,

as seen in FIG. 8, at least a portion of the edges of each sleeve section (101, 102, 103, 104)
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are in contact with the edges of the adjacent sleeve sections in the initial state, and a portion
of any, or all, of the sleeve sections (101, 102, 103, 104) may be m contact with a portion of
the tensioning section {(450) of the expander (400). In fact, i one embodiment at least 50% of
the surface arca of the edges of each sleeve section (101, 102, 103, 104) are in contact with
the adjacent sleeve section’s edge, and at least a portion of abutting edges arc substantially
paralicl. In a further embodiment, in the unaciuated state, the interior surface of each sleeve
section is in contact with the exterior surface of the threads of the tensioning section (450)
throughout at least 50% of the skeeve length (155). In yet another embodiment illustrated in
FIGS. 6 and 8, 100% of the surface area of the edges of each sleeve section (101, 102, 103,
104} are in contact with the adjacent sleeve section’s edge, and at least a portion of abutting
edges are substantially parallel in the unactuated state, and the interior surface of cach sleeve
section is in contact with the exterior surface of the threads of the tensioning section (450)
throughout at least 75% of the sleeve length (155). FIGR. 8-12 illustrate the changes to FIGS.
5-8 when the blind fastener is partially-actuated, meaning that the expansion section (440)
has entered the sleeve (100) and resulted i radial expansion of the sleeve (100). Further,
FYGS. 13-16 illustrate the changes to FIGS. 5-12 when the blind fastener is fully-actuated,
meaning that at least a portion of the locking section (430) has entered the sleeve (100) and
resulted in further radial expansion of at least a portion of the sleeve throat (180). In series of
figures of just one possible embodiment since the radius of curvature of the interior surface of
the sleave sections {101, 102, 103, 104) is within 5% of the radius of curvature of the exterior
surface of the tensioning section (450}, a small gap between the inner surface of the sleeve
sections (101, 102, 103, 104) and the exterior surface of the expansion section (440) appears
n the partially-actuated state scen m FIG. 12 until the sleeve sections (101, 102, 103, 164)
are slightly beunt as the tensile load is further applied to the blind fastener and the fully-
actuated state s reached, as seen in FIG. 16, and there is complete surface contact between
the inner surface of the sleeve sections (101, 102, 103, 104) and the exterior surface of the
expansion section (440), as well as the exterior surface of the sleeve sections (101, 102, 103,
104} and the interior surface of the workpieces (700, 800). This deformation of the sleeve
{100} allows the blind fastener system to compensate for any irregularitics in the workpiece
openings {724, §20}.

However, such deformation changes the loading profile of the blind fastener and may
be undesirable in embodiments having greater sleeve thicknesses and material strength. Thus,

in another embodiment, shown in the series of FIGS. 57-59, which is analogous to FIGS. §,
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12, and 16 of the previously discussed embodiment, wherein FIG. 57 s the cross-section in
which the blind fastener has been inserted mto the workpieces but has not yet been actuated,
meaning the expansion section (440) of the expander (400} bas not yet been drawn into the
sleeve (100), as shown m FIG. 7; while FIG. 58 15 the cross-section in which the blind
fastener 1s partially-actuated, meaning that the expansion section (440} has entered the slecve
{100} and resulted m radial expansion of the sleeve (100); and FIG. 59 is the cross-section in
which the blind fastener is fully-actuated, meaning that at least a portion of the locking
section {430} has entered the sleeve (100) and resulted in further radial expansion of at least a
portion of the sleeve throat (180). In this embodiment the sleeve (100} is designed to have a
predetermined desired curvature when full-actuated without any bending or deformation of
the sleeve (100}, or individual sleeve sections (101, 102, 103, 104). Thus, as seen in FIG. 59,
i one embodiment the interior surface of the sleeve (1003, or one or more of the sleeve
sections {101, 102, 103, 104), has a sleeve radius of curvature (Rs), and the exterior surface
of the expansion section (4440) has an expansion section radius of curvature (Res). Inone
particular embodiment each of the one or roore sleeve sections has a sleeve radius of
curvature (Rs) that is = 5% of the expansion section radius of curvature (Res) throughout at
least 25% of the structural region length (174); while in a further embodiment majority of the
sleeve sections have a sleeve radius of curvature (Rs) that is + 5% of the expansion section
radius of curvature (Res) throughout at least 50% of the structural region length (174); while
in an gven further embodiment all of the sleeve sections have a slecve radius of curvature
{Rs) that i3 + 3% of the expansion section radius of curvature (Res) throughout at least 75%

of the structural region length (174).

In a further embodiment each of the one or more sleeve sections has a sleeve radius of

curvature (Rs) that is + 2.5% of the expansion section radius of curvature (Res) throughout at
feast 25% of the structural region length (174); while in a further embodiment majority of the
sleeve sections have a sleeve radius of curvature (Rs) that s + 2.5% of the expansion section
radius of curvature (Res) throughout at least 50% of the structural region length (174); while
in an cven further embodiment ali of the sleeve sections have a sleeve radius of curvature
{Rs) that is = 2.5% of the expansion section radius of curvature (Res) throughout at least 75%
of'the structural region length (174). In an even further embodiment cach of the one or more
sleeve sections has a sleeve radius of curvature (Rs) that is equal to the expansion section
radius of curvature (Res) throughout at least 25% of the structural region length (174); while

in 4 further embodiment majority of the sleeve sections have a sleeve radius of curvature (Rs)
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that 1s equal to the expansion section radius of curvature (Res) throughout at least 50% of the
stroctural region length (174); while i an even further erabodiment all of the sleeve sections
have a sleeve radius of curvature (Rs) that 15 equal to the expansion section radius of
curvature {Res) throughout at least 75% of the structural region length (174). Addtionally, n
the fully-actuated state of FIG. 59, with cach slecve section in contact with the expansion
section {440}, there is a section gap (106) between the adjacent sidewalls of the individual
sleeve sectioms. Specifically, in the four sleave section embodiment of FIG. 59, the first
sleeve section {101} has two first siceve section sidewalls {101a), likewise the second sleeve
section {102} has two second sleeve section sidewalls (102a), the third sleeve section (103}
has two third sleeve section sidewalls (103a), and the fourth sleeve section (104} has two
fourth sleeve section sidewalls (104a). The scction gap (106} is the minimum distance
between the adjacent section sidewalls. In one particular embodiment effective loading and
shear resistance is achieved when cach section gap (106) is less than the maxumum structural
region wall thickness (172); while in a further embodiment cach section gap (1006) is loss than
50% of the maximum structural region wall thickness (172); while in an even further
embodiment cach section gap (106) is 18-50% of the maxinwiro structural region wall
thickness (172); and in a still further cmbodiraent cach section gap (106) 1s 20-40% of'the
maximum structural region wall thickness (172). In one embodiment the maximum structural
region wall thickness (172) is 2-10 mm, and cach section gap (106} is less than 6 moy; while
in a further embodiment the maxinmum structural region wall thickaess (172) is 2-6 mny, and
cach section gap (106} is no more than 4 mm; while in a further embodiment the maximum
structural region wall thickness (1723 is 3-3 mum, and each section gap (106} is no more than
3 mum, and no more than 2 owo in an even further embodiment. The curvature and size of
cach sleeve section are designed to provide a compact size when in the un-actuated state, as
seen in FIG. 57, to achieve the disclosed relationships that allows for reduced size opening in
the workpicees while ensuring casy installation of the blind fastener. In another erobodiment
the sleeve length (155) 18 30-120 rom, the structural region length (174) 1s 20-100 oun, the
tensioning section length (454} is 60-145 mm, the expansion section length (448) is 25-75
mm, the tensioning section diameter (432) 12-30 mm, the expansion section diameter (442) is
15-35 ram, the locking section diameter (432} is 20-40 nwn; while in a further erabodiment
the structural region length (174) 15 25-60 mm, the tensioning section length (454) 1s 80-120

mirn, the expansion section length (448) is 35-65 mm, the tensioning section diameter (452)

(9]
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15-25 mim, the expansion section diameter {442} is 20-30 mm, the locking section diameter
{432} 15 25-35 mm.

In the multi-section sleeve (100) embodiment of FIGS. 6 & &, the edges of cach
sleeve section (101, 102, 103, 104) are in contact with the edges of the adjacent sleeve
sections in the initial state, and a small gap is dlustrated between the sleeve inner diameter
{150} and the expansion section diamcter {442). Thus, i this embodiment the sleeve retainer
{200} and/or shroud (300} is applying a radial compressive force on the sleeve sections (101,
102, 103, 104) and maintaining their edges in contact, however in this pasition there is no
radial compressive force transferred from the sleeve (100) to the expander (400) because the
edges of the sleeve sections (101, 102, 103, 104) contact each other. However, one skilled in
the art will appreciate that the sleeve sections (101, 102, 103, 1084) may be sized so that the
edges do not contact one another when positioned about the expansion section (448}, and
therefore the radial compressive force may be transferred from the sleeve (100) to the
expander (400).

Io another embodiment the sleeve retainer (200 and/or the shroud (300) are
adhesively attached to the sleeve (100} to further ensure the desired positioning, and in the
case of the shroud (300), so that the expander {400) canvot simply slide out of the sleeve
(1003, even when oriented vertically without the nut (500) in place, thereby offering great
safoty advantages during installations in which the workpicce openings are high above the
ground. Thus, in one embeodiment the shrowd (300) will retain and confine the expander (400)
even when the shroud (300) is subjected to a force of at least 2 [bf along the longitudinal axis
of the expander (400}, which ensures that the shroud (300) will support the weight of the
expander (400} when oriented vertically without the nut (300} n place. In an even further
embodiment the shroud (300) will retain and confine the expander (400) even when the
shroud (300) s subjected to a force of at least 5 b along the longitadinal axis of the
expander {400}, which cnsures that the shroud (300) will retain the expander (400) without
the nut (500) in place cven if force is applied to the expander (400) during installation.

In a further embodiment of the blind fastener, the sleeve retainer {200) cooperates
with the sleeve proximal end (120} and further includes a retainer flange (220) extending
radially beyond the maximum slecve outer diameter (140} in the initial state by a retainer
flange overhang (222}, as seen in FIG. 19 and 20, and is at least 10% of the maximum sleeve
outer diameter {140} in the initial state, and at least 25% of sleeve engagement section length

{212} The retainer flange overhang (222} creates a weather-tight seal and provides stability
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to the sleeve {100). In another embodiment the retainer flange (220) has a longitudinal
retainer flange thickness (224), as seen n FIG. 20, that is at Jeast 25% of sleeve engagement
section length (212) ensuring adequate material is present to create a good seal when exposed
to the loads common with such blind fasteners. Additionally, the inner diameter of the
retainer flange (220), through which the expander (400) passes, may be sized so that # is foss
than the sleeve inner diameter (150) 1o the witial state, as can be imagined w FIG. 19 and 28,
so that a portion of the retainer flange {220) cnpages the tensioning section (450). One benefit
of this cmbodinent is that the retainer flange (220} effectively grips the tensioning section
{450} and keeps the sleeve (100) in place during transport and initial installation.

In another embodiment the retainer engagement region (160) has a retainer
engagement region wall thickness (162}, and the structural region (170) has a structural
region wall thickness (172}, as seen in FIG. 20. In this embodiment, the minioim retainer
engagement region wall thickness (162} is at least 25% of the maximum structural region
wall thickness (172) to ensure the retainer engagernent region {168) does not compress
jongitudinally as the expansion section {440) of the expander (400) is drawn into the
structural region {170} of the siceve (100). In a further erebodiment the nunimum the retainer
engagement region wall thickness (162} is 25-50% of the moaximum structural region wall
thickness (172). In yet another embodiment the retainer engagement region (160} is a
circumferential recess in the exterior surface of the sleeve (100) thereby creating at feast one
retainer engagerent region ledge (166) to shicld at least one edge of the sleeve retainer (200).
in yet another embodiment, the retainer engagement region ledge (166) has a ledge width that
is 25-50% of the maximum structwral region wall thickness (172}

In one embodiment the shroud (300}, and/or the sleeve retainer (200), is waterproof.
In an even further embodiment, either, or both, the shroud (300} and sleeve retamer (200}
have at least a portion composed of thermoplastic polyurethane, natural rubber, urethane,
neoprene, nitrile, butyl, EPDM, styrene butadiene, silicone, hypalon, or viton. In another
cmbodiment at least a portion of the shroud (300}, and/or the sleeve retainer (200), is
composed of material having a tensile strength of at least 1000 psi, an clongation % of at leust
150%, a tear-strength of at least 500-1000 pounds per linear inch, and a service temperature
rating of at least 150 degrees Fahrenheit. In an even further embodiment at least a portion of
the shroud (300}, and/or the sleeve retainer (200}, is composed of material having 4 tensile
strength of at least 4000 psi and an elongation % of at least 300%. In an even further

embodiment the sleeve retainer (200} and the shroud (300) may create a substantially sealed

(9]
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environment and retain a hibricant within the blind fastener, and therefore they may be
composed of elastomeric materials that are resistant to breaking down in the presence of
tubricants, such as thermoplastic polyurethane, nitrile rubber, silicone, fluoro-clastomers,
EPDM, and perfluoro-elastorners.

The sleeve (100} roay include a shroud engagement region (190) having a shroud
engagement region length (192) that is at least 10% of the structural region length (174), and
the shroud (300} cooperates with the shroud engagement region (190). In a fiwther
cmbodiment the shroud engagement region fenpth (192) is 10-50% of the structural region
length (174}, while in an even further embaodiment the shroud engagement region (190} is a
circumnferential recess in the exterior surface of the sleeve {100} thereby creating at least one
shroud engagement region ledge (194) to shield at least one edge of the shroud (300}, The
shroud engagement region {190} has a shroud engagement region wall thickness (196), and
the structural region (170) has a structural region wall thickness (172), whereby in one
embodiment the nunimum shroud engagement region wall thickness (196) 1s at least 25% of
the maxium structural region wall thickoess (172) to ensure the shroud cagagement region
{190 docs not corpress longitudivally as the expander (400) is drawn into the sleeve (100).
Even further, the minimwum shroud engagersent region wall thickness (196) is 25-50% of the
maximum structural region wall thickness (172) provides the necessary strength while also
facilitating bending of the sleeve (100} for locking. These relationships provide a shroud
(300} to slecve (100) connection that is strong enosugh to withstand the forces encountered as
the sleave (100} deforms to a locked state.

In the embodiments illustrated io FIGK. 3-5, 7,9, 11, 13 and 15 the shroud (300)
encloses the sleeve distal end (130) and the expander distal end (420} in the initial state, the
expanded state, aud the locked state. Therefore in these embodiments the shroud (300) must
be construcied to accommeodate the change in shape of the sleeve (100) associated with the
different states. In some embodiments the shroud (300) 1s elastic and t stretehes fo continue
to cover the edges of the sleeve (100) even as the edges are flared outward to the locked state,
thereby ensuring any apparatus on the blind side of the workpieces is not exposed to sharp
metallic edges of the sleeve (100). In one particular embodiment the shroud proximal end
(310} is attached to the slceve (100) and the shroud distal end (320} totally encloses and seals
the sleeve distal end (130). Alternatively, the shroud (304} does not have to incorporate
elastic elerments. Rather the shroud (300) may be configured so that there is space between

the shroud distal end (320} and the expander distal end (420}, The space accommodates the
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changes in shape of the sleeve (100}. One embodmment ensures that the extra space in the
shroud (300} does not result in a baggy shroud (300) that roay be & hindrance as the blind
fastener 1s fed into a blind hole. Tn fact, m one such embodiment the extra shroud (3083)
length may be folded and adhered internal to the shroud (300} so that # 18 not presented until
the slecve (100) deforms into the locked state.

The blind fastener is designed for case of installation in a hole that is not much larger
than the blind fastener. Therefore, in one embodiment the initial state the exterior surface of
the shroud (300) docs not extend radially beyond the maximum sleeve outer diameter (140).

Regardless of whether the shroud (300} is elastic or not, in one embodiment the
shroud thickness (330) is no greater than the thickness of the sleeve engagement section
{210}, thereby ensuring the shroud (300} does not extend radially outward beyond the
maximum sleeve outer diameter (140) and reducing the likelihood of snagging the shroud
{300) as the bhnd fastener 15 fod through the first and second workpiece openings (722, 822).

In yet another embodiment the nut (500) cannot be removed from the expander (400).
This mway be accomplished in a murober of methods including, but vot limited to, striking the
expander proximal end (410) after the nut (500} is in place to slightly enlarge the proximal
end so that the aut (500) cannot pass over the erdarged end, placing a spot weld adjaceant the
expander proximal end (410 after the nut (500} is in place so that the nut (500) cannot pass
aver the weld material, and/or attaching a blocking member to the expander proximal end
(410} after the nut (500) is in place so that the aut (500) cannot pass over the blocking
member.

Seme embodiments incorporate a washer system (600), which may consist of one or
more washers. One such embodiment 18 a hardened washer and a self-indicating direct
tension indicator. The illustrated embodiments show a three washer system (600) having a
self~indicating direct tension indicator between two hardened washers.

In one embodiment the sleeve (100) has an ultimate tensile strength that is within +
50% of the ultimate tensile strength of the expander (400), while i a further embodiment the
sleeve (100) has an ultimate tensile strength that is within + 25% of the ultimate tensile
strength of the cxpander (400). Still further, in another embodiment the ultimate tensile
strength of at least one of the expander (400} or sleeve (100) is at least 800 MPa, whilc in a
further embodiment the ultimate tenstle strength at least one of the expander {400} and the
sleeve {100} is at least 106 MPa less than the other component. In a firther embodiment the

expander (400} has an ultimate tensile strength that is at least 25% greater than the ultimate

39

Petitioner's Ex

. 1003-166



N

30

WO 2016/02848% PCT/US2015/043711

tensile strength of the sleeve (100); while in a further embodiment 1t is at least 35% greater.
In one embodiment the ultimate tensile strength of the expander (400) is at least 800 MPa,
while the ultimate tensile strength of the siceve (100) 18 less than 650 MPa; while in yet
another embodiment the ultimate tensile strength of the expander (400) 1s at least 1000 MPa
and the ultiroate tensile strength of the siceve (100) 1s less than 550 MPa. Still further, in
anathor embodiment the Brinell Hardness (Tungsten Carbide Ball 30060 KG) of the expander
{400} is greater than that of the sleeve (100); in fact, in a further embodiment the Brinell
Hardness {Tungsten Carbide Ball 3000 KG) of the cxpander (400) is at least 10% greater than
that of the sleeve {100}, and, in another embodiment, is at least 25% greater than that of the
sleeve (100). In yet another embodiment the percent elongation to break of the expander
{400} is at least 30% less than that of the sleeve {100); and in an cven further embodiment the
percent elongation to break of the expander (400) is at least 50% less than that of the sleeve
{100) while still having a clongation to break of the expander (400) that 1s at least B percent.
These unique relationships between the propertics of the sleeve (100) and the expander (400)
facilitate the preferred deformation and loading of the components to achizve the required
tensioning of the expander {400} in structural tower installations where an inspector roust
verify that the expander (400) has been tensioned to at least 70 kips.

As seen in FIGS. 52-34, the expander (400) may have a removable expander portion
(470}. In one embodiment the removable expander portion (470) is a portion of the tensioning
section (450). In one particular embodiment a length of the removable expander portion (470)
is at feast 25% of the tensioning scction length (454), while in a further embodiment the
fength of the removable expander postion (470) is at least 40% of the tensioning section
ength (454}, and fn a further embodiment the length ofthe removable expander portion (470)
is at least S0% of the tensioning section length (454}, The removable expander portion (470)
may be joined to the expander (400) in any namber of ways, however the illustrated
embodiment ncorporates cooperating male and female seetions having threads opposite of
those on the exterior surface of the tensioning section (450}, which when joined cooperates
with the bolt (5003, The removable expander portion (470) may be removed after instailation
to reduce the amount of the expander (400) that extends beyond the bolt (300). Inone
embodiment the removable expander portion (470) is composed of a different material than
the rest of the expander (400). In fact in one embodiment the removable expander portion
{470} has an ultimate tensile strength that is at least 100 MPa less than that of the expansion

section {440); and in a further embodiment the removable expander portion (470} has an
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witimate tensile strength that s at least 200 MPa less than that of the expansion section (440).
The rernovable expander portion (470} may be composed of & material baving a density that
18 at least 25% Jess than the density ofthe expansion section {440); while in a further
embodiment the density of the removable expander portion {470} is at least 50% less that the
density of the expansion scction (444}, In yeot a further embodiment the removable expander
pottion {470) is coropasced of non-metallic material, which in one erobodiment is a polymeric
material. For example, the removable expander portion (470) may be composed of
magnesium alloys, aluminum/aluminum alloys, titanium alloys, carbon steels, stainless stecls,
PH (precipitation-hardenable) alloys, copper alloys, and nickel alloys, just to name a fow.
Nog-metallic embodiments may be composed of materials such as a polycaprolactam, a
polyhexamethylene adipinamide, or a copolymer of hexamethylene diamine adipic acid and
caprolactam, however other embodiments may include polypropylene (PP}, nylon 6
{polvamide 6}, polybutylene terephthalates (PBT), thermoplastic polyurethane {TPU),
PC/ABS alloy, PPS, PEEK, and semu-crystalline engincering resin systems, some of which
may be fiber reinforeed.

Nurnerous alterations, modifications, and variations of the embodiments disclosed
herein will be apparent to those skilied in the art and they arc all anticipated and
contermpiated to be within the spirit and scope of the instant invention. For example, although
specific embodiments have been described in detail, those with skill in the art will understand
that the preceding embodiments and variations can be modified to incorporate various types
of substitute and or additional or alternative materials, relative arrangement of elements, and
dimensional configurations. Accordingly, even though only few variations of the present
mvention are deseribed herein, it 1S to be understood that the practice of such additional
modifications aud variations and the equivalents thereof, are within the spirtt and scope of the

mnvention as defined in the following claims.
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WE CLAIM:

I A bhind fastener, comprising:

a sleeve (100) having a sleeve proximal end (120}, a sleeve distal end (130), a sleeve
tength (155), a sleeve outer diameter (140), a sleeve moer diameter (150) and a structural
region {(170);

an expander (400} having an expander proximal end (410), an expander distal end
{4203, a tensioning section (450}, a locking section (430}, and an expansion section {440}
between the tensioning section {(450) and the locking section (430}, wherein the expansion
section {440) has an expansion section diameter (442} and an expansion section transition
{444}, and a portion of the sleeve (100) has the slecve inner diameter (150),  an initial state,
less than the maximum expansion section diameter (442}; and

a nut {500);

wherein a portion of the expander (400) passes through the sleeve (100) to cooperate
with the nut (500} so that relative rotation of the expander (400) and out (500):

(1) draws the cxpander distal end (420) toward the siceve proximal end

(it} thereby drawing a portion of the expansion scction {440) of the
expander (400} into the structural region (170) of the slecve (100} and
expanding at least a portion of the structural region {170} of the sleeve (100}
from the nitial state to an expanded state; and

(iii) thereby drawing a portion of the locking section (43() past the
sleeve distal end (130) toward the sleeve proximal end (120) and deforming at

least a portion of the sleeve distal end (130} to a locked state.

2. The blind fastener of claim 1, wherein the locking section (430} has a locking scetion
diarneter (432}, and the tensioning section (450) has a tensioning section diameter (452),
wherein the expansion section diameter (442} is at least 7.5% greater than the tensioning
section diameter (452}, and the locking section diameter (432) is at least 15% greater than the
expansion section diameter {442), and wherein the structeral region (170) has a structural
region wall thickness {172} that is less than a difference between the locking section diameter

{432} and the tensioning section diameter (452).
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3. The blind fastener of claim 2, wherein the expansion section diameter (442} 1s no

maore than 15% greater than the tensioning section diameter {(452).

4. The blind fastener of claim 3, wherein the locking section diameter {(432) is no more
than 30% greater than the expansion section diamcter (442).

5. The blind fastener of claim 1, wherein the locking section (430} has a locking section
transition fength (436) and a locking section transition angle (435}, the cxpansion section
{440} has an expansion section transition length (446) and an expansion section transition
angle (445), and the stractural region (170) of the siceve (100} bas a structural region length
{1743, wherein the locking section transition length (436) is at least twice the expansion
section transition length (446), and the expansion section length (448) is at least 25% of the
structural region length (174).

6. The blind fasteser of claim 5, wherein the expansion section length {448) is 25-75%
of the structural region length {174).

7. The blind fastener of claim 6, wherein the sieeve distal end (130} has a sleeve throat
{180} having a throat length (182) and a throat angle (184), wherein the throat angle (184) is
5-50 degrees, and the throat angle (184} is less than the expansion section transition angle

(445).

8. The blind fastener of claim 7, wherein the locking section transition angle (435} is

fess than 50% of'the expansion section transition angle (4453,

o The blind fastener of claim 7, wherein the throat angle (184} is greater than locking

section transition angle (435).
10, The blind fastener of claim 9, wherein the throat angle (184) is at least 5 degrees less

than the expansion section transition angle {(445), and the throat angle (184) is no more than

15 degrees greater than locking section transition angle (435).

43
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1. The blind fastener of claim 7, wherein the throat length {182} is greater than the
expansion section transition length (446}, and the locking section transition length (436) is

rreater than the expansion section transition length (446).

12, The blind fastener of claim 1, wherein the sleeve (100) includes at least two distinet
sections (101, 102).

13, The blind fastener of ¢laim 12, further including a slecve retamer (200} having a
sleeve engagement section (210) that cooperates with a retainer engagement region (160} in
the sleeve (100) to maintain the at least two distinct sections (101, 102) in a predetermined

relationship.

14, The blind fastener of claim 13, wherein at least a portion of the sleeve retainer (200)

is elastic and the sleeve retainer (200) exerts a compressive foree on the sleeve (100},

15, The blind fastener of claim 13, wherein the sleeve retainer (200) is contractible when

activated.

16, 'The blind fastener of claim 14, wherein a portion of the sleeve retainer (200} is in
tension when cooperating with the retainer engagement region (160) and the sleeve (100} is

focated around the tensioning section (458},

17.  The blind fastener of claim 13, wherem the sleeve engagernent section (210) has a
sleeve engagement section length (212), a sleeve engagement section wnmer diarneter (214),
and a sleeve engagement section outer diameter (216), the sleeve engagement section (210)
wraps circumferentially around the sleeve (100), the structural region (170} of the sleeve
{100} has a structural region length (174), the retainer engagement region (160) has a retainer
engagement region length (164}, and both the retainer engagement region length (164) and
the sleeve engagement section length (212) are at least 10% of the structural region length

(174).

18, The blind fastener of claim 17, wherein the sleeve retamer (200) extends beyond the

sleeve distal end (130) forming a sleeve retainer protrusion {230} having a sleeve retainer

44
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protrusion length (232} and a sleeve retainer protrusion width (234}, wherein the sleeve

retainer protrusion length (232) 18 at least 5% of the retamner engagement region length (164},

19. The blind fastener of claim 13, wherein the retaimer engagement region (160} has a
retainer engagement region wall thickness (162}, and the structural region (170) has a
structural region wall thickuess (172), whereby the minmmum retainer cogagement rogion
wall thickness (162) is at least 25% of the maximum structural region wall thickness (172) to
ensure the retainer engagement region (160) does not compress longitudinaily as the
expansion section (440} of the expander (400} is drawn into the structural region (170) of the

sleeve {100).

20.  The blind fastener of claim 19, wherein the retainer engagement region (160) is a

circumferential recess in the exterior surface of the sleeve (100) thereby creating at least one

retainer engageroent region ledge (166) to shield at least one edge of the sleeve retaner (200).

21 A blind fastencr, cormprising:

a sleeve (100} having a sleeve proximal end (120}, a sleeve distal cod (130}, a sleeve
length (155), a sleeve outer diameter (140), a sleeve inner diameter (150), and a structural
region (170);

an expander (400} having a locking section {430}, an expansion section (440), an
expander distal end {420), and a bore, wherein the expansion section {(440) has an expansion
section diameter (442) and an expansion section transition (444), and a portion of the slecve
{100} has the sleeve mner diameter (150), in an imitial state, less than the maximum
expansion section diameter (442);

a tensioning section {(450) separate and distinet from the expander {(400) and
configured to mechanically cooperate with the expander (400), wherein an end of the
tensioning section (450} 18 configured as a tensioning section gripping region {456); and

wherein g portion of the tensioning section (450) passes through the sieeve (100} to
cooperate with the expander (400} so that relative rotation of the tensioning section (450) and
the expander (400):

(1} draws the expander distal end {(420) toward the sieeve proximal end
(120

A
wh
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(i1} thereby drawing a portion of the expansion section {440} of the
expander (400) mnto the structural region {170} of the sleeve (100) and
expanding at least a porfion of the structural region (170) of the sleeve (100)
from the mitial state to an expanded state; and

(1) thereby drawing a portion of the locking scction (430) past the
gleeve distal end (130) toward the sleeve proximal end (120) and deforming at

least a portion of the sleeve distal end {130} to a locked state.

22, The blind fastener of claim 21, wherein the tensioning section gripping region (456) is

configured as a bolt head.

23.  The blind fastener of claim 22, wherein the bore passes through the entire length of

the expansion section (44{).

24, The blind fastener of claim 23, wherein the bore passes through the eotire length of

the locking section (430).

25.  'The blind fastener of claim 21, wherein the locking section (430} has a locking
section diameter (432), and the tensioning section (450) has a tensioning section diameter
(452}, wherein the expansion scction diameter (442) is at least 7.5% greater than the
tensioning section diameter {452}, and the locking section diameter (432} is at least 15%
greater than the expansion section diameter (442}, and wherein the structural region (170) has
a structural region wall thickness (172) that 1s less than a difference between the locking

section diarneter (432) and the tensioning section diameter (452}

26.  The blind fastencr of claim 25, wheremn the expansion section diameter (442) is no

more than 15% greater than the tensioning section diameter {(452),

27.  The blind fastener of claim 26, wherein the locking section diameter (432) is no more

than 30% greater than the expansion section diameter (442).

28.  The blind fastener of claim 21, wherein the locking section (430 has a locking

section transition length (436} and a locking section transition angle (4353, the expansion

46
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section {440) has an expansion section transition length (446} and an expansion section
transition angle (445), and the structural region (170) of the sieeve (100) has a structural
region length (174), wherein the locking section transition length (436) is at least twice the
expansion section transition length (446), and the expansion section length (44R8) is at least

25% of the structural region length (174).

29, The blind fastener of claim 28, wherein the expansion section length (448) is 25-75%

of the structural region length (174).

30.  The blind fastener of claim 29, wherein the sleeve distal end (130) has a sleeve throat
{180 having a throat length (182) and a throat angle (184), wherein the throat angle (184} is
5-50 degrees, and the throat angle (184) is less than the expansion section transition angle

(445).

31, The blind fastener of claim 30, wherein the locking section transition angle (435) is

fess than 50% of the expansion section transition angle (445).

32.  'The blind fastener of claim 30, wherein the throat angle {184} is greater than locking

section transition angle (435).

33, The blind fastener of claim 32, wherein the throat angle (184} is at least 5 degrees less
than the expansion section transition angle (445), and the throat angle (184} is no more than
15 degrees greater than locking section transition angle (435),

34, The blind fastener of claim 30, wherein the throat length (182) 18 greater than the
expansion section transition length (446), and the locking section transition length (436} is

greater than the expansion section transition length (446).

35.  The blind fastener of claim 21, wherein the sleeve (100} includes at least two distinet

sections (101, 102

36. The blind fastener of claim 335, further including a sleeve retainer (2003 having a

sleeve engagement section (21{) that cooperates with a retainer engagement region (160} in

e
~
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the sleeve {100} to maintam the at least two distinct sections (101, 102} in a predetermined

relationship.

37.  The blind fastener of claim 36, wherein at least a portion of the sleeve vetainer {200)

1s clastic and the sleeve retainer (200) exerts a compressive force on the sleeve (100},

38, The blind fastener of ¢laim 36, wherein the sleeve retainer (200} is contractibic when

activated.

39, The blind fastener of claim 37, wherein a portion of the sleeve retaimer (200) is in
tension when cooperating with the retainer engagement region {160} and the sleeve (108} is

located around the tensioning section (450).

40.  The blind fastener of claim 36, wherein the sleeve engagement section {210 has a
slecve engageroent section length (212), a slecve engageroent section jnner diameter (214),
and a sleeve engagement scction outer diameter {216}, the sleeve cogagement section (210}
wraps citcumderentially arouad the sleove (100), the structural region (170) of the sleeve
{100} has a stroctural region length (174), the retainer engagement region (160) has a retainer
engagement region fength (164), and both the retainer enpagement region fength (164) and
the sleeve engagement section length (212) are at Icast 10% of the structural region length

(174).

41, The blind fastener of claim 48, wherem the sleeve retamer (200) extends beyond the
sleeve distal end (130) forming a sleeve retainer protrusion (230) having a sleeve retainer
protrusion length (232) and a sleeve retainer protrusion width (234), wherein the sleeve

retainer protrusion length (232) s at least 5% of the retamer engagement region length (164).

42, The blind fastener of claim 36, wherein the retainer engagerment region (160} has a
retainer engagement region wall thickness (162), and the structural region (170) has a
structural region wall thickness (172), whereby the minimum retainer engagement region

wall thickness (162} is at least 25% of the maximum structural region wall thickness (172) to

ensure the retainer engagement region (160) does not compress longttudinaily as the

48
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expansion section (444} of the expander {400} 1s drawn into the structural region (170} of the

sleeve (100).

43. The blind fastener of claim 42, wherein the retainer engagement region (160} s a
circumferential recess in the exterior surface of the sleeve (100) thereby creating at least one

retainer engagement region ledge (166) to shicld at least ane edge of the skeeve retainer (200).

49
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BLIND FASQTENER AND METHOD CF REMOVING IT FROM A WORKPIECE

The Invention relates to a blind fastener, that is, one which ¢an be instalied by
access fo one side only of a workpiece. More parficularly the invention reletes to a
biind fastener of the type comprising a pin, a sleeve, and an abutment member. in
use of the fastener in & workpiecs comprising two or more members o be secured
iogether, the pin and sleeve are inserted through an aperiure in the workpiecs so
fhat their remote end portlons protrude bevond the remote or biind face of the
workplecs. The application of axial comprassion fo the sleeve by means of a pulling
force on the pin with respect 10 the sleeve causes the protruding end portion of the
sleeve to deform into a blind head which contacts the biind face of the workpiece.
The workplece is then compressed between the blind head and the abuimsnt
member and the abutment member is then secured to the pin e.g. by swaging, to

secure the workplece members together in the comprassed condition.

There are allernative possible ways of providing the necessary mechanical
engagement hetween the various component members of the fastener. The remots
end of the pin may have a radially protruding head which contacts the end of the
sleeve to apply compressive force fo it, or the remote end of the pin may be in
threaded engagement with the sleeve,

The abulment member is secured to the near end of the sleave, to enable correct

insertion of the fastener into the aperture through the workpiece.

One such faslener is that commercially available under the frade mark “HUCK
BOM", which is described in US Patent No. 2,527,307, In this fastener, the
abutment is in the form of a radially enlarged head integral with the slesve,

in use, it Is sometimes found that it is necassary {o remove a fastener which has
besn installed in & workpiece, e.g. for servicing or repairing the equipment of which
the workpiece forms & part. It is exiremely difficult fo do this, since the abuiment
member is swaged on o the pin, and is infegral with the sleeve. The pin is foo hard
to drill oul. In any event, it is unacceptable for removal of the fastener to cause
damage 1o the adjacent part of the workplece.
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The present invention is intended to provide a fastener of this type which can, if
needed, be removed more sasily and convenisnily.

The invention provides, in one of iis aspects, a blind fasiener as set out in claim 1 of
the accompanying claims. Further features of the invention are set out in claims 2
through 5. The invention includes a method of removing a fastener as set oul in
claims 6 and 7.

A specific embediment for the invention will now be described by way of example
and with references to the accompanying drawings, in which:

Figure 1Ais an oulside slevation of the pin;
Figure 1B is an axdal section through the sleeve;

Figure 1C is an axial ssection through the sbutment membaer;

Figure 2A shows those three parls assembled fo form a fastener ready for

installation;

Figure 2B is an enlargement of part of Figure 24,

Figure 2C is a plan view on Figure 24,

Figure 3A is a section through 3 fastener inssried in an aperture in a workpiecs,
ready for installation therein, fogether with an enlargement of a detail thereot;

Figures 3B and 3C are similar {o Figure 3A but show other possible conditions which
will be described below,;

Figures 4A, 48, 5A, 5B, 8A and 88 are similar {o Figure 3A, and show successive
stages of the instaliation of the fastensr; and

Figures 7A, 7B, 7D, BA, 8B and 8C show successive stages of the removal of an
installed fastensr from the workpiecs, Figure 7C being a section on the line C-C of
Figure 7B.
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The pin, sleeve and abutment member ali have circular symmairy.

The pin 11 (Figure 14} is of medium carbon alloy steel and comprises an slongated
cylindrical shank 12 with an integral radially enlarged head 13 at one end of the
shank, by means of which the pin engagss with one end of the sleeve. Adjacent the
head 13 the pin shank has a slightly oversize portion 20 formed with longitudinai ribs
30. Next to this portion 20 is a plain portion 14, followed by a locking groove poriion
18 and then a breakneck 18 which is the weakest pari of the pin. Next to this thers
is another piain portion 17, followed by a pulling groove portion 18 which grooves
are for engagement by the jaws of the fastener installation ool

The sleave 21 (Figure 1B} is generally cvlindrical and is made of low carbon steel. It
has a through bore 22 of uniform diameter which is a sliding fit on the pin shank 12,
and a cylindrical shank 23 which is of uniform external diameter. Af one end (the tai}
end) the sleeve shank has a flat end face 24 and at the other end {the héad end) an
integrally formed slightly radially enfarged head 25. The sleeve head comprises a
flange 26 having a conical underhsad face 27, As fllustrated in Figurs 1B, the head
has a fial top face 28,

The sleeve shank includes a radially expandable portion which is centred on a
softened zone 19 which, as indicated in Figure 1B, In this example exiends axially
from a position about halfway along the length of the slesve shank 21 o a position
about three quarters of the way from the sieeve head 26 lowards the sleeve fail 24.
in this example, this softened portion 198 is made softer than the remainder of the
slesve by band annealing. it has a through bore 22 which Is an interference fit on
enlarged portion 20 of the pin shank 12.

The abuiment member {Figure 1C) is in the form of a collar 32 mads of medium
carbon steel. The peripheral adge of one end of the collar has a bevel 34, whilst the
other end has a radially projecting flange 35. That end face 38 is flat, but is annular,
since it is provided with a recess 37, which is generally circular on the axis of the
collar. The outer recess 37 is of a diameler and depth suitable to receive the head
flange 28 of the slesve, having an annular botiom face 41 which surrounds the
recess 37. The axial depth of the recess 37 is rather greater than the tolal axial
thicknaess of the sleeve head 26.
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The pin, slesve and collar are assembled together fo form & fasiener in the way
ustrated in Figures 24, 2B and 2C. The sleevs is assemblad on the pin shank 12
so that the sieeve end face 24 abuts the annular face of the pin head 13, there being
5 an interference fit between the ribbed oversize portion 20 of the pin and the tail end
portion of the sleeve 291 beyond the soffened zone 19. The coliar 32 Is then
assembled on fo the sleeve by inserting the siseve head flange 28 into the collar
recass 37 so that the sleeve head end facs 29 contacts the annular face 41 of the
collar recess. The slesve and collar are then removably secured togsther by staking
10 down the collar head adiacent the recess 37 at three posiions around the periphery
of the recess, o deform the head material at those positions over and into contact
with the conical face 27 of the sleeve haad, 1o form three lugs or projections 38. The

pin plain portion 17 profrudes from the end face of the coliar 32.

15 As dlustrated in Figure 3A, the fastener is used to secure logether two structural
metal panels 42, 43 which have a cylindrical aperture 44 through them in which the
sleeve 21 is a clearance fit. The fotal thickness of the workpiece formed by the
panels 42 and 43 is rether more than half of the length of the slesve shank 23, s0
that the nearer end of the slesve softenad zone 19 indicated in Figure 1B lies inside

20 the remote face 40 of the workplece when the underhead face 38 of the collar
contacts the near face 45 of the workpiece.

As iHustrated In the enlarged detail of Figure 3A, the staked lugs 38 which contact
the sleeve head flange 28 are undisturbed and continue to hold the sleeve and
25 collar iogether.

If however there is resistance o the insartion of the fastener sleeve into the aperture
44 on the workpiece (e.g. because the aperture 44 is undersize and produces an
interferance fit, or the two parls of the aperiure 44 are mis-aligned not shown in
30 Figures 3B and 3C), then it may be necessary 1o use force to insert the fastener, by
axial force on the pin, as Hlustrated by the arrow B in Figure 3B, e.g. by applying
hammer biows {0 the projecting tall end of the pin. i is possible that this maybs
sufficient to deform the staking lugs 28 in the way shown at 32 in Figure 38 and iis
enfargement. The sleeve moves so that ils head 26 contacts the near face 45 of the

[y}
Ot

workpiecs, the radial extent of the head 26 and its strength being sufficient fo hold
the slesve in this position.
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If & very large axial force has to be applied to the pin to make the sleeve enter the
aperturg, it is possible that the retaining force between the pin and siseve, due {o
the interference fit between them atf portion 20 of the pin, may be overcoms, so that
the pin moves axially through the sleeve and the interference portion 20 protrudes
from the fall end of the slesve, as illustrated in Figure 3C. Provided that sufficlent of
ths pin pulling groove position 18 remains outside the collar 32, it would still be
possible 10 install the fastener in the way to be described below, but this might

require two successive actuations of the installation tool.

I the pin is pushed foo far into the slesve, it cannot be instalied, and the pin can be
knocked completely through the sleeve. The collar can then be lifted off (since its
connection to the siseve has already been broken), and the siseve punched through
and out of the workpiece aperfure. Alfernatively the uninstalied fasiener can be
extracted by gripping and pulling ihe pin or the sleeve.

A fastener which has been insertad In & workplece it the normal way as illustrated in
Figure 3A is now installed by applying a progressively increasing pull io the
protruding part of the pin 11 in relation to the sleeve 21, This is done by means of a
standard hydraulically-powsered fastener placing tool, such as thal commercially
available under the designation AVDEL (Registersd Trads Mark) Type 722, which is
used for installing pin and coliar type Tastenars previously referred fo.

The tool includes an annular anvil 47 (Figure 4A) having an internal throat 48
shaped appropriately to swage the collar 32. The tool also includes jaws 48 which
engage with the pulling grooves in the portion 18 of the pin, and a hydraulic piston
and cylinder device {not shown) for applving a progressively increasing retraction
force to the jaws with respect to the anvil. Such fools and thelr manner of use are
well known o those who use blind fasteners, and need nol be describsd in detail
here.

The tool is offered up fo the protruding part of the pin, so that the outer end of the
anvil throat contacts the top of the collar 32 around iis bevel 34, as illustrated in
Figure 44, The tool is then acluated so that ifs jaws engage the pulling groove
portion 18 of the pin and exert a progressively increasing pull on it with respect to
the anvil 47. The reaction force is transmifted through the collar 32 to its end facs
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36 against the workpiace, and thence via the annular face 41 face of the collar to the
sleeve head 25. i, during insertion of the fasiener into the aperture, the sleeve
head 25 has moved away from the collar annular face 41, it will be pulied back into
contact with it. The sleeve is thus axially compressed betwsen the face of the head
flangs 26 and its end face 24 in contact with the pin head 13. The softened portion
of the sleeve deforms by bulging outwardly, to progressively form a blind head in
contact with rear face 46 of the workpiece. As the blind head progressively forms
{See Figure 4B), it exerts a compressive force on the rear face 48 of rear panel 43,
which urges the panels 42, 43 together (and so closes any gap which may exist
between them) so that the panels ars finnly In contact with each other and
compressed together batween the collar end face 36 and the blind head. The final
form of the blind head, in this example, is lusirated at 48 in Figurs 5A..

As the force applied by the tool further increases, the anvil 47 is pushed down over
the exterior of the coflar, so that the anvil fihroat 48 swages the collar 32 radially
inwardly into the locking grooves 15 on the pin. The anvil stops with its lower face
near the flange at the botiom of the coliar. This position is Hustrated in Figure 5B.

Further increase of the force applied by the tool causes the pin o break at the
reakneck 16, the broken off pin tall being pulled away by the jaws, leaving a broken
surface 52, as illustrated in Figure BA. The tool is then removed, o lsave the

installed fasiener, as illusirated in Figure 68.

As previously mentioned, the fastener described above is advantageous in that an
installed fasiensr can, if needed, be removed from the workpiece relatively sasily.

Figure 7A shows a palr of bolt cropper blades 51 being offered up to the collar 32.
These are located fully over the swaged coliar, on a diametrical plane thereof, and
the tool actuated fo force the blades fogether so that they subsiantisily cut the collar
in haif, as Hustrated in Figures 7B and 7C.

The two halves of the coliar may remain connected together by thin pleces of its
material, in which case the two halves of the coliar can be separated and removed
by a hammer and chisel or a power chisel, leaving the pin and slesve in the

workpiece as shown in Figure 7D.
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The pin and sleeve can then be removed from the workpiece, and this is
conveniently done by using a single two-stage punch 52, as illustrated in Figwes

8A, 8B and 8C. The punch comprises a isading narrower part 53 of appropriale
diameter to enter the slesve and push the pin, and a following wider part 54 having

5  a diameter appropriaie to enter the workpiece aperiure, joined fo the narrowsr part
532 by an annular face 55 appropriaie to comntact the sleeve head face. As shown in
Figure 84, the punch portion 53 is offered up o the end of the fastener pin, and axial
force applied by hammering, 1o break the inferference fit betwsen the pin and sleave

and drive the pin through the sleeve until the punch annular face contacts the slesve

10 head face 29, as shown in Figure 8B including its enlarged detall. Application of
further force o the punch deforms the outer peripheral part of the slesve head
flange 26, as shown in Figure 8C and its enlarged detail (in some cases, the outer
peripheral part may be sheared off). Further movement of the punch drives the
sleave and pin through the far end of the workpiece aperlure, thus removing the

15 instalied fastener.

it will be apparent that, in order for the fastener io be installed and removed in the
way describad above, there must be the correct relationship between the various
axial forces needed to separale various componenis. Thus, the axial force needed
20 on the sleeve o separate it from the collar {by overcoming the staked lugs 38, as
dascribed with reference to Figurs 3B) must be less than the axial force needed o
overcoms the interference engagement between the pin and sleeve (as described
with reference to Figures 3C and 8B), which in turm must be less than the force
nesded {0 push the sleeve hsad through the aperture {as described with reference
25 o Figurs 8C).

The three measured force values for an example fastener of slesve oulside

diameter 10 mmm are respectively 800 Newtons, 1900 Newions, and befwsen 8000

Newtons (for an aperfure of meximum diameter in which slesve head folds up,
30 Figure 8C) and 9000 Newlons {for an aperiure of minimum diameter).

The inveniion is not restricted to the detalls of the foregoing example. For insiancs,

the sleeve and the abulment collar could be relsasably connecied to each other by

aty conveniant arrangemsnt.
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Claims

A blind fastener for insertion through an aperiure in a worlipiece, the fastener
comprising a pin (11), a sleave (21) and an abulment member (32

the pin (11) extending inside the slesve (21) and engaging therewith
at or near a first and (24) of the slseve;

the sleeve having a radiaily expandable portion;

the abutment member (32) being adjacent the second end {25) of the
steeve and projecting radially therefrom and the pin (11} extending bsvond
the abutment member (32);

whereby, when the sleave (21} is inserfed info & suitable aperture ina
workplece of suitable thickness with the expandable portion of the sleeve
{21} protruding beyond the blind or remote face of the workpiece and the
abutment member (32} abuiting the near face of the workpigce, and when a
mrogressively increasing pulling force is applied fo the part of the pin (11)
exiending beyond the abutment member (32), the pulling force being
supporied against the abutment member (32), so that axial compression is
applied to the sleeve (21) belween the abutment member (32) and its
engagement with the pin (11}, the radially expandable part of the sleevs (21)
to radially expand to form a blind head in abutment with the remote face of
the workpiece; thereby to apply compression to the workplece between the
biind head and the abutment member (32} and thereafler the abutment
member can be secured to the pin {(11);

in which the abutment member {32) is removably secured to the
slesve {21} by means sufficlently strong fo allow handling of the assembled
fastener 1o be inserted in the aperiure In the workpiece and instailed therein,

but sufficiently weak to allow the abutment member (32 to be removed from
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the sleeve {21) so that the pin (11} and slesve {21) can be forced out of the

aperiure on the workpiecs, 0 remove the fastener therefrom.

A fastener as claimed in claimi, in which the sleeve (21) and abutment

53

5 member {32) are separate members and the removable securing means
comprises deformation of at least one of them inlo engagement with the

other.

3. A fastener as claimed in claim 2, in which the sleeve (21} has a radially
10 axtending head (25}, the rim (25} being insufficiently strong o prevent the
slasve being driven through the aperturs, the abutment member has &
corresponding recess (37) in which the slseve head (25) is received, and
part of the abutment member adjacent the recess is deformed over and into
contact with the sleeve head {28).
15
4. A fastener as claimed in claim 3, irv which the abutment member Is deformed

as aforesaid at a plurality of positions spaced apart around the sleeve head.

5. A fastener, substantially as hereinbefore described and illustraied in the

20 accompanying drawings.

&

A method of removing from a workpiece a fastener as claimed in any of the
mreceding claims which has been instalied in the workpiece as aforesaid,
which method comprises removing the abufment member from the sleevs,
25 and then removing the pin and the sleeve through the blind side of the

aperiure.
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7. A muasthod of removing an installed fastener, substantially as hereinbefore

described and illustrated in the accompanying drawings.
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Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
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If Required, Foreign Filing License Granted: 01/11/2022

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/423,980

Projected Publication Date: 04/21/2022
Non-Publication Request: No

Early Publication Request: No
Title

BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

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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TITLE
BLIND FASTENER AND METHOD OF INSTALLATION THEREOF
FIELD OF USE

[0001] The present disclosure relates to blind fasteners and methods of installing blind

fasteners.

BACKGROUND

[0002] Vehicle frames, storage racks, solar panel sub-structures, and other structures can
include numerous mechanical fasteners. For example, a fastener can be installed in a bore of
a vehicle frame structural component to join individual elements. Failure of a fastenerin a
structural component can be a result of, for example, fatigue stresses on the fastener or
geometric variations in the bore in which the fastener is disposed. Designing a fastener for

blind installation presents challenges.
SUMMARY

[0003] In one aspect, the present disclosure provides a blind fastener comprising a sleeve and
a mandrel. The sleeve comprises a first sleeve end, a second sleeve end, and a cavity
extending from the first sleeve end to the second sleeve end. The mandrel is configured to be
at least partially received by the cavity of the sleeve. The mandrel comprises a first mandrel
end disposed adjacent to the first sleeve end and comprising an enlarged portion having a
diameter greater than a diameter of the cavity, a second mandrel end comprising a pull
region, and a shank region extending intermediate the first mandrel end and the second
mandrel end. The pull region comprises an axial length no greater than 4 times a diameter of

the shank region and is configured to be engaged by an installation tool.

[0004] In another aspect, the present disclosure provides a method for fastening. The method
comprises inserting a first mandrel end of a blind fastener into a bore in a structure. The
blind fastener comprises a sleeve and a mandrel. The sleeve comprises a first sleeve end, a
second sleeve end, and a cavity extending from the first sleeve end to the second sleeve end.
The mandrel is configured to be at least partially received by the cavity of the sleeve. The
mandrel comprises a first mandrel end disposed adjacent to the first sleeve end and

comprising an enlarged portion having a diameter greater than a diameter of the cavity, a

Petitioner's Ex. 1003-255



WO 2020/162936 PCT/US2019/016973

second mandrel end comprising a pull region, and a shank region extending intermediate the
first mandrel end and the second mandrel end. The pull region comprises an axial length no
greater than 4 times a diameter of the shank region and is configured to be engaged by an
installation tool. A collet of the installation tool is engaged with the pull region of the blind
fastener. After inserting the blind fastener into the bore in the structure, the second sleeve
end of the blind fastener is forcibly contacted with an anvil of the installation tool, and the
pull region is moved distal from the second sleeve end utilizing the collet of the installation
tool. The portion of the sleeve on a first side of the structure is deformed, and the second
sleeve end is swaged onto the shank region of the mandrel on an oppositely disposed second

side of the structure, thereby securing at least a portion of the blind fastener in the structure.

[0005] 1t is understood that the invention disclosed and described in this specification is not
limited to the aspects summarized in this Summary. The reader will appreciate the foregoing
details, as well as others, upon considering the following detailed description of various non-

limiting and non-exhaustive aspects according to this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The features and advantages of the examples, and the manner of attaining them, will
become more apparent, and the examples will be better understood, by reference to the

following description taken in conjunction with the accompanying drawings, wherein:

[0007] FIG. 1 is a partial cross-sectional side view of a non-limiting embodiment of a blind

fastener according to the present disclosure;

[0008] FIG. 2A is a partial cross-sectional side view of the fastener of FIG. 1 and a structure

in a first configuration;

[0009] FIG. 2B is a partial cross-sectional side view of the fastener and the structure of FIG.

2A in a second configuration; and

[0010] FIG. 2C is a partial cross-sectional side view of the fastener and the structure of FIG.

2A in a third configuration.

[0011} Corresponding reference characters indicate corresponding parts throughout the

several views. The exemplifications set out herein illustrate certain embodiments, in one
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form, and such exemplifications are not to be construed as limiting the scope of the appended

claims in any manner.

DETAILED DESCRIPTION OF NON-LIMITING EMBODIMENTS

[0012] Various examples are described and illustrated herein to provide an overall
understanding of the structure, function, and use of the disclosed articles and methods. The
various examples described and illustrated herein are non-limiting and non-exhaustive. Thus,
an invention is not limited by the description of the various non-limiting and non-exhaustive
examples disclosed herein. Rather, the invention is defined solely by the claims. The
features and characteristics illustrated and/or described in connection with various examples
may be combined with the features and characteristics of other examples. Such modifications
and variations are intended to be included within the scope of this specification. As such, the
claims may be amended to recite any features or characteristics expressly or inherently
described in, or otherwise expressly or inherently supported by, this specification. Further,
Applicant reserves the right to amend the claims to affirmatively disclaim features or
characteristics that may be present in the prior art. The various embodiments disclosed and
described in this specification can comprise, consist of, or consist essentially of the features

and characteristics as variously described herein.

% » cc

[0013] Any references herein to “various embodiments,” “some embodiments,” “one

33

embodiment,” “an embodiment,” or like phrases mean that a particular feature, structure, or

characteristic described in connection with the example is included in at least one

33 <]

embodiment. Thus, appearances of the phrases “in various embodiments,” “in some
embodiments,” “in one embodiment,” “in an embodiment,” or like phrases in the
specification do not necessarily refer to the same embodiment. Furthermore, the particular
described features, structures, or characteristics may be combined in any suitable manner in
one or more embodiments. Thus, the particular features, structures, or characteristics
illustrated or described in connection with one embodiment may be combined, in whole or in
part, with the features, structures, or characteristics of one or more other embodiments

without limitation. Such modifications and variations are intended to be included within the

scope of the present embodiments.

[0014] In this specification, unless otherwise indicated, all numerical parameters are to be

understood as being prefaced and modified in all instances by the term “about,” in which the

o8}
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numerical parameters possess the inherent variability characteristic of the underlying

measurement techniques used to determine the numerical value of the parameter. At the very
least, and not as an attempt to limit the application of the doctrine of equivalents to the scope
of the claims, each numerical parameter described herein should at least be construed in light

of the number of reported significant digits and by applying ordinary rounding techniques.

[0015] Also, any numerical range recited herein includes all sub-ranges subsumed within the
recited range. For example, a range of “1 to 10” includes all sub-ranges between (and
including) the recited minimum value of 1 and the recited maximum value of 10, that is,
having a minimum value equal to or greater than 1 and a maximum value equal to or less than
10. Any maximum numerical limitation recited in this specification is intended to include all
lower numerical limitations subsumed therein and any minimum numerical limitation recited
in this specification is intended to include all higher numerical limitations subsumed therein.
Accordingly, Applicant reserves the right to amend this specification, including the claims, to
expressly recite any sub-range subsumed within the ranges expressly recited. All such ranges

are inherently described in this specification.

33 <

[0016] The grammatical articles “a,” “an,” and “the,” as used herein, are intended to include
“at least one” or “one or more,” unless otherwise indicated, even if “at least one” or “one or
more” is expressly used in certain instances. Thus, the foregoing grammatical articles are
used herein to refer to one or more than one (i.e., to “at least one”) of the particular identified
elements. Further, the use of a singular noun includes the plural and the use of a plural noun

includes the singular, unless the context of the usage requires otherwise.

[0017] As used herein, “intermediate” means that the referenced element is disposed between
two elements but is not necessarily in contact with those elements. Accordingly, unless
stated otherwise herein, an element that is “intermediate” a first element and a second
element may or may not be adjacent to or in contact with the first and/or second elements,
and other elements may be disposed between the intermediate element and the first and/or

second elements.

[0018] Failure of a fastener in a structural component can be a result of in-service fatigue,
overload on the structural component, and corrosion. The present disclosure provides a blind
fastener and a method of installation that can reduce installation forces and increase corrosion

resistance. For example, the blind fastener according to the present disclosure may be
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installed with an installation force less than a force that can fracture the mandrel. Reducing
the installation force requirement and installing without a shock force occurring during
fracture of the mandrel can enable lighter weight installation tools, longer life of installation
tool components, limit damage to the structural components, and enhance ergonomics for

operators using the installation tools.

[0019] FIG. 1 illustrates a cross-sectional side view of an embodiment of a blind fastener 100
according to the present disclosure. The blind fastener 100 can be adapted to be installed in a
bore in a structure (e.g., as illustrated in FIGs. 2A-C, discussed below). The blind fastener
100 can include a sleeve 102 and a mandrel 112. In various embodiments, the sleeve 102 is
generally cylindrical. FIG. 1 shows a portion of the sleeve removed, exposing the mandrel
112 therein. The sleeve 102 can comprise a first sleeve end 104, a second sleeve end 106, an
elongate portion 128 disposed intermediate the first sleeve end 104 and the second sleeve end

106, and a cavity 108 extending from the first sleeve end 104 to the second sleeve end 106.

[0020] The cavity 108 of the sleeve 102 can comprise a diameter, d;, and be configured to at
least partially receive the mandrel 112 therein. For example, the mandrel 112 can comprise a
shape suitable to be received by the cavity 108, such as, for example, a generally cylindrical
shape. The mandrel 112 can comprise a first mandrel end 114, a second mandrel end 116,
and a shank region 122. The shank region 122 can extend intermediate the first mandrel end
114 and the second mandrel end 116 and through the cavity 108. When the mandrel 112 is
inserted in the cavity 108, the first mandrel end 114 can be disposed adjacent to the first
sleeve end 104, and the second mandrel end 116 can be disposed adjacent to the second

sleeve end 106.

[0021] The first mandrel end 114 can comprise an enlarged portion 118 comprising a
diameter, d> which can be greater than the diameter, d;, of the cavity 108. The enlarged
portion 118 can engage the first sleeve end 104 of the cavity 108 and inhibit further
movement of the first mandrel end 114 into the cavity 108 of the sleeve 102. The enlarged
portion 118 can apply a force to the first sleeve end 104 and can deform the first sleeve end
104 during installation of the blind fastener 100. For example, the first sleeve end 104 can be

crumpled (e.g., into a bulb shape) and/or expanded.

[0022] The second mandrel end 116 can comprise a pull region 120 configured to be engaged

by an installation tool (e.g., installation tool 236, as illustrated in FIGs. 2A-B discussed
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below). The pull region 120 can comprise an axial length, /, that is no greater than 4 times a
diameter, ds, of the shank region 122, such as, for example, no greater than 3.8 times, no
greater than 3.75 times, no greater than 3.5 times, no greater than 3.25 times, no greater than
3 times, no greater than 2.5 times, no greater than 2 times, no greater than 1.5 times, or no
greater than 1 times the diameter, s, of the shank region 122. The diameter, s, of the shank

region 122 can be the major diameter (e.g., root) of the shank region 122.

[0023] The pull region 120 can comprise a taper or a reverse taper. As illustrated, the pull
region 120 can comprise a taper extending from the shank region 122. For example, as one
moves along the pull region 120 away from the shank region 122 along a longitudinal axis of
the blind fastener 100, the diameter of the pull region 120 can decrease. In certain other
embodiments, the pull region 120 can comprise a reverse taper (not shown) where, as one
moves along the pull region 120 away from the shank region 122 along the longitudinal axis
of the blind fastener 100, the diameter of the pull region 120 increases. In various
embodiments, the pull region 120 can be generally conical. In various other embodiments,
the pull region 120 may not comprise a taper and the pull region 120 can be generally

cylindrical.

[0024] The pull region 120 can comprise at least one of a generally smooth region, an
annular shoulder, a groove, and a bore, or can comprise another feature, configured to be
engaged by an installation tool. For example, the pull region 120 can comprise grooves 126,

as illustrated in FIG. 1, that can be engaged by an installation tool.

[0025] The shank region 122 can define the longitudinal axis of the blind fastener 100. The
shank region 122 can comprise at least one of a generally smooth region, a threaded region,
an annular shoulder, and a groove. The threaded region, annular shoulder, and/or the groove
can be external relative to the mandrel 112. In various embodiments, all or a portion of the
shank region 122 includes grooves. For example, as shown in FIG. 1, the shank region 122
of the blind fastener 100 includes grooves 130. In other embodiments, all or a portion of the
shank region 122 lacks grooves. In various embodiments, all or a portion of the shank region
122 includes an annular shoulder. In other embodiments, the shank region 122 lacks an
annular shoulder. In various embodiments, all or a portion of the shank region 122 includes a

threaded portion. In other embodiments, the shank region 122 lacks a threaded portion.
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[0026] In various embodiments of blind fastener 100, the mandrel 112 does not comprise a
breakneck groove or other feature configured to fracture upon installation of the blind
fastener 100. For example, the shank region 122 may not comprise a breakneck groove or
other feature configured to fracture upon installation of the blind fastener 100. The mandrel
112 may remain intact after installing the blind fastener 100 into a structure. In various
embodiments, the blind fastener 100 may comprise a breakneck groove or other feature
configured to fracture upon installation of the blind fastener 100, and the blind fastener 100

may be installed into a structure without fracturing of the breakneck groove or other feature.

[0027] In various embodiments, the blind fastener 100 can comprise a single assembly of the
sleeve 102 and the mandrel 112. In certain embodiments, the blind fastener 100 can consist

of the sleeve 102 and the mandrel 112. In some embodiments, the blind fastener 100 can be a
structural blind fastener, such as, for example, a structural blind rivet, structural blind bolt, or

a structural blind stud.

[0028] The blind fastener 100 can comprise at least one of a metal, a metal alloy, and a
composite material. For example, in various embodiments the blind fastener 100 can
comprise at least one of aluminum, an aluminum alloy, titanium, a titanium alloy, nickel, a
nickel alloy, iron, an iron alloy, and a carbon fiber composite material. In various
embodiments, the mandrel 112 can comprise a Rockwell hardness of at least HRC 25, such
as, for example, at least HRC 30, at least HRC 35, at least HRC 40, at least HRC 43, at least
HRC 44, at least HRC 45, or at least HRC 50.

[0029] The sleeve 102 can comprise a collar 110 positioned adjacent to the second sleeve end
106. The collar 110 can be configured to be engaged by an installation tool (e.g., installation
tool 236 illustrated in FIGs. 2A-B) in order to facilitate installation of the blind fastener 100.
The sleeve 102 can be configured to deform on the exit side of the structure and swage onto
the shank region 122 an oppositely disposed entrance side of a structure. For example, the
first sleeve end 104 can be deformed and the collar 110 can be swaged onto the shank portion
122, as illustrated in FIG. 2C. In various embodiments, the collar 110 can be a head portion

of the sleeve 102.

[0030] As illustrated in FIGs. 2A-C, the blind fastener 100 can be installed into a bore 234 in
a structure 232. The bore 234 can extend through the structure 232. The structure 232 can

comprise, for example, at least one of a metal, a metal alloy, and a composite. For example,
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in certain embodiments, the structure 232 can comprise at least one of aluminum, an
aluminum alloy, titanium, a titanium alloy, nickel, a nickel alloy, iron, an iron alloy, and a

carbon fiber composite material.

[0031} In various embodiments, the structure into which the blind fastener 100 is assembled
comprises aluminum and/or an aluminum alloy such as, for example, 7075 aluminum. With
reference to the accompanying figures, the structure 232 can be configured as at least one of
an aerospace component or structure, an automotive component or structure, a transportation
component or structure, and a building and construction component or structure. The
structure 232 can comprise a single layer of material or at least two layers of material. For
example, as illustrated in FIGs. 2A-C, the structure 232 can comprise a first layer 242 and a
second layer 244. Upon installation into the bore 234, the blind fastener 100 can secure the

first layer 242 and the second layer 244 together, as illustrated in FIG. 2C.

[0032] As illustrated in FIG. 2A, in a first configuration of the blind fastener 100 and the
structure 232, the first mandrel end 114 of the blind fastener 100 can be positioned in
alignment with the bore 234. To facilitate alignment of the blind fastener 100 with the bore
234, the bore 234 can have a diameter, d}, that is greater than the diameter, d-, of the enlarged
portion 118 of the first mandrel end 114, thereby allowing the mandrel 112 to readily move
into and through the bore 234 when passing from a first configuration of the blind fastener
100 and the structure 232, illustrated in FIG. 2A, to a second configuration, illustrated in FIG.
2B. In various embodiments, the diameter, dj;, of the bore 234 can be less than the diameter
of the sleeve 102 to allow the sleeve to readily pass into the bore 234. The diameter, d,, of
the collar can be greater than the diameter, d;, of the bore 234. In the second configuration,
shown in FIG. 2B, the first mandrel end 114 has passed into the bore 234 and the collar 110
of the sleeve 102 can be in forcible contact with the structure 232 at an entrance side 232a of
the structure 232. The forcible contact between the collar 110 and the structure 232 can limit

further axial movement of the sleeve 102 into the bore 234.

[0033] Before or after insertion, a collet 238 of the installation tool 236 can engage the pull
region 120 of the blind fastener 100. For example, the collet 238 can be configured to
forcibly contact an anvil 240 of the installation tool 236. The forcible contact can close the
collet 238 around the pull region 120 where the collet 238 forcibly contacts the pull region
120. Upon engagement, the collet 238 can apply a force to the pull region 120 of the mandrel
112.
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[0034] The collet 238 can move the mandrel 112 independently of the sleeve 102. For
example, the collet 238 can retract within the installation tool 236 and move the mandrel 112
as the collet 238 retracts due to the contact between the pull region 120 and the collet 238.
Upon the collet 238 reaching a predetermined retraction distance into the installation tool, the
anvil 240 can forcibly contact the second sleeve end 106. The forcible contact between the
second sleeve end 106 and the anvil 240 can move the second mandrel end 116 in a vector
different than a vector in which the second sleeve end 106 may be moving. For example, the
installation tool 236 can move the pull region 120 distal from the collar 110 utilizing the

collet 238 of the installation tool 236.

[0035] In various embodiments wherein a pull region 120 of the mandrel 112 comprises
grooves and a taper, the collet 238 of the installation tool 236 may only be able to apply force
to the pull region 120 to move the mandrel 112 if the collet 238 and the grooves 126 of the
pull region 120 are fully engaged, such as is illustrated in FIG. 2B. A partially engaged collet
238 may not be able to apply a force to the pull region 120 sufficiently to appropriately move
the mandrel 112 relative to the sleeve 102. The grooves and taper of the pull region 120 can

reduce potential stripping of the grooves 126 due to crest-to-crest engagement.

[0036] In a third configuration of the blind fastener 100 and the structure 232 illustrated in
FIG. 2C, the first sleeve end 104 and the elongate portion 128 can be deformed on an exit
side 232b of the structure 232 responsive to forcible contact from mandrel 112. The second
sleeve end 106 can be swaged onto the shank region 122 on an oppositely disposed entrance
side 232a of the structure 232 responsive to forcible contact from the anvil 240. For example,
the collar 110 can be swaged onto the shank region 122. The swaging of the second sleeve
end 106 and/or deformation of the first sleeve end 104 and/or elongate portion 128 can secure
at least a portion of the blind fastener 100 in the structure 232. In that way, for example, the
first layer 242 and second layer 244 of the structure 232 are secured together. As shown in
the embodiments illustrated in FIGs. 2A-C, the mandrel 112 need not include a breakneck

groove or other feature configured to fracture upon installation of the blind fastener 100.

[0037] In various embodiments, the blind fastener 100 can be used in a method for fastening
the structure 232. The method can comprise inserting the first mandrel end 114 into the bore
234 in the structure 232. The collet 238 of the installation tool 236 can engage with the pull
region 120 of the blind fastener 100. After inserting the blind fastener 100 into the bore 234,
the second sleeve end 106 of the blind fastener 100 can contact the anvil 240 of the
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installation tool 236. The pull region 120 can be moved distal from the collar 110 utilizing
the collet 238 of the installation tool 236. The first sleeve end 104 can be deformed on the
exit side 232b of the structure 232, and the second sleeve end 106 can be swaged onto the
shank region 122 of the mandrel 112 on the opposite, entrance side 232a of the structure 232,

thereby securing at least a portion of the blind fastener 100 in the structure 232.

[0038] The blind fastener according to the present disclosure can enable use of a smaller
installation tool for installation since the force required to install the blind fastener may be
less than a force that can fracture the mandrel. The blind fastener according to the present
disclosure can have a variety of uses since the design of the sleeve may not have to
accommodate the force required to fracture the mandrel. For example, the sleeve wall

thickness can be reduced by, for example, 10% or 15%, which can save material cost.

[0039] Various aspects of the invention include, but are not limited to, the aspects listed in

the following numbered clauses.

1. A blind fastener comprising: a sleeve comprising a first sleeve end, a second sleeve end,
and a cavity extending from the first sleeve end to the second sleeve end; and a mandrel
configured to be at least partially received by the cavity of the sleeve. The mandrel
comprises a first mandrel end disposed adjacent to the first sleeve end and comprising an
enlarged portion having a diameter greater than a diameter of the cavity, a second
mandrel end comprising a pull region, and a shank region extending intermediate the
first mandrel end and the second mandrel end. The pull region comprises an axial length
no greater than 4 times a diameter of the shank region and is configured to be engaged by

an installation tool.

2. The blind fastener of clause 1, wherein the pull region comprises an axial length no

greater than 3.8 times the diameter of the shank region.

3. The blind fastener of any one of clauses 1-2, wherein the pull region comprises an axial

length no greater than 2 times the diameter of the shank region.

4. The blind fastener of any one of clauses 1-3, wherein the pull region comprises a taper

extending from the shank region.

10
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14.

15.

16.
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The blind fastener of any one of clauses 1-4, wherein the mandrel does not comprise a

breakneck groove.

6. The blind fastener of any one of clauses 1-5, wherein the mandrel comprises a

Rockwell hardness of at least HRC 25.

The blind fastener of any one of clauses 1-6, wherein the mandrel comprises a Rockwell

hardness of at least HRC 43.

The blind fastener of any one of clauses 1-7, wherein the shank region comprises at least

one of a threaded region, an annular shoulder, and a groove.

The blind fastener of any one of clauses 1-8, wherein the pull region comprises at least

one of a threaded region, an annular shoulder, and a groove.

The blind fastener of any one of clauses 1-9, wherein the sleeve is generally cylindrical

and the mandrel is generally cylindrical.

The blind fastener of any one of clauses 1-10, wherein the blind fastener comprises at

least one of a metal, metal alloy, and a composite material.

The blind fastener of any one of clauses 1-11, wherein the blind fastener is adapted to be
installed in a bore in a structure, the bore having a diameter greater than the diameter of

the enlarged portion.

. The blind fastener of clause 12, wherein the sleeve further comprises a collar, the sleeve

is configured to deform on a first side of the structure, and the collar is configured to

swage onto the shank region on an oppositely disposed second side of the structure.

The blind fastener of any one of clauses 12-13, wherein the structure comprises at least

one of a metal, a metal alloy, and a composite material.

The blind fastener of any one of clauses 12-14, wherein the structure is configured as at
least one of an aerospace component, an automotive component, a transportation

component, and a building and construction component.

A method for fastening comprising inserting a first mandrel end of a blind fastener into a

bore in a structure. The blind fastener comprises: a sleeve comprising a first sleeve end,

11
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a second sleeve end, and a cavity extending from the first sleeve end to the second sleeve
end; and a mandrel configured to be at least partially received by the cavity of the sleeve.
The mandrel comprises a first mandrel end disposed adjacent to the first sleeve end and
comprising an enlarged portion having a diameter greater than a diameter of the cavity, a
second mandrel end comprising a pull region, and a shank region extending intermediate
the first mandrel end and the second mandrel end. The pull region comprises an axial
length no greater than 4 times a diameter of the shank region and is configured to be
engaged by an installation tool. The method further includes: engaging a collet of the
installation tool with the pull region of the blind fastener; after inserting the first mandrel
end into a bore, forcibly contacting the second sleeve end of the blind fastener with an
anvil of the installation tool and moving the pull region distal from the second sleeve end
utilizing the collet of the installation tool; and deforming the sleeve on a first side of the
structure, and swaging the second sleeve end onto the shank region on an oppositely
disposed second side of the structure, thereby securing at least a portion of the blind

fastener in the structure.

The method of clause 16, wherein the pull region comprises an axial length no greater

than 2 times the diameter of the shank region.

The method of any one of clauses 16-17, wherein the pull region comprises a taper or

reverse taper extending from the shank region.

The method of any one of clauses 16-18, wherein the mandrel does not comprise a

breakneck groove.

The method of any one of clauses 16-19, wherein the blind fastener comprises at least

one of a metal, a metal alloy, and a composite material.

[0040] One skilled in the art will recognize that the herein described fasteners, structures,

operations/actions, and objects, and the discussion accompanying them, are used as examples

for the sake of conceptual clarity and that various configuration modifications are

contemplated. Consequently, as used herein, the specific examples/embodiments set forth

and the accompanying discussion are intended to be representative of their more general

classes. In general, use of any specific exemplar is intended to be representative of its class,

and the non-inclusion of specific components, devices, operations/actions, and objects should

not be taken as limiting. While the present disclosure provides descriptions of various

12
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specific aspects for the purpose of illustrating various aspects of the present disclosure and/or
its potential applications, it is understood that variations and modifications will occur to those
skilled in the art. Accordingly, the invention or inventions described herein should be
understood to be at least as broad as they are claimed, and not as more narrowly defined by

particular illustrative aspects provided herein.

13
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CLAIMS

What is claimed is:

1. A blind fastener comprising:
a sleeve comprising
a first sleeve end,
a second sleeve end,
a cavity extending from the first sleeve end to the second sleeve end; and
a mandrel configured to be at least partially received by the cavity of the sleeve, the
mandrel comprising
a first mandrel end disposed adjacent to the first sleeve end and comprising an
enlarged portion having a diameter greater than a diameter of the
cavity,
a second mandrel end comprising a pull region, and
a shank region extending intermediate the first mandrel end and the second
mandrel end,
wherein the pull region comprises an axial length no greater than 4 times a
diameter of the shank region and is configured to be engaged by an

installation tool.

2. The blind fastener of claim 1, wherein the pull region comprises an axial length no

greater than 3.8 times the diameter of the shank region.

3. The blind fastener of claim 1, wherein the pull region comprises an axial length no

greater than 2 times the diameter of the shank region.

4. The blind fastener of claim 1, wherein the pull region comprises a taper extending from

the shank region.

5. The blind fastener of claim 1, wherein the mandrel does not comprise a breakneck

groove.

6. The blind fastener of claim 1, wherein the mandrel comprises a Rockwell hardness of at

least HRC 25.

14
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7. The blind fastener of claim 1, wherein the mandrel comprises a Rockwell hardness of at

least HRC 43.

8. The blind fastener of claim 1, wherein the shank region comprises at least one of, a

threaded region, an annular shoulder, and a groove.

9. The blind fastener of claim 1, wherein the pull region comprises at least one of a

threaded region, an annular shoulder, and a groove.

10. The blind fastener of claim 1, wherein the sleeve is generally cylindrical and the mandrel

is generally cylindrical.

11. The blind fastener of claim 1, wherein the blind fastener comprises at least one of a

metal, metal alloy, and a composite material.

12. The blind fastener of claim 1, wherein the blind fastener is adapted to be installed in a
bore in a structure, the bore having a diameter greater than the diameter of the enlarged

portion.

13. The blind fastener of claim 12, wherein the sleeve further comprises a collar, the sleeve
is configured to deform on a first side of the structure, and the collar is configured to

swage onto the shank region on an oppositely disposed second side of the structure.

14. The blind fastener of claim 12, wherein the structure comprises at least one of a metal, a

metal alloy, and a composite material.

15. The blind fastener of claim 12, wherein the structure is configured as at least one of an
aerospace component, an automotive component, a transportation component, and a

building and construction component.

16. A method for fastening, the method comprising:
inserting a first mandrel end of a blind fastener into a bore in a structure, the blind
fastener comprising
a sleeve comprising

a first sleeve end,
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17.

18.

19.

20.
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a second sleeve end, and
a cavity extending from the first sleeve end to the second sleeve end,
and
a mandrel configured to be at least partially received by the cavity of the
sleeve, the mandrel comprising
a first mandrel end disposed adjacent to the first sleeve end and
comprising an enlarged portion having a diameter greater than
a diameter of the cavity,
a second mandrel end comprising a pull region, and
a shank region extending intermediate the first mandrel end and the
second mandrel end,
wherein the pull region comprises an axial length no greater than 4
times a diameter of the shank region and is configured to be engaged by an

installation tool;
engaging a collet of the installation tool with the pull region of the blind fastener;

after the inserting, forcibly contacting the second sleeve end of the blind fastener with
an anvil of the installation tool and moving the pull region distal from the second sleeve

end utilizing the collet of the installation tool; and

deforming the sleeve on a first side of the structure, and swaging the second sleeve
end onto the shank region on an oppositely disposed second side of the structure, thereby

securing at least a portion of the blind fastener in the structure.

The method of claim 16, wherein the pull region comprises an axial length no greater

than 3.8 times the diameter of the shank region.

The method of claim 16, wherein the pull region comprises a taper or reverse taper

extending from the shank region.

The method of claim 16, wherein the mandrel does not comprise a breakneck groove.

The method of claim 16, wherein the blind fastener comprises at least one of a metal, a

metal alloy, and a composite material.

16
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B DE Germany is aot designated for any kind of national protection

[:f JP Japan is not designated for any kind of national protection

E:} KR Republic of Korea is not designated for any kind of national protection

(The checl-boxes above may only be used to exclude (irrevocably) the designations concerned if, at the time of filing or subsequently
{ ¢ 1 37 | esig ) S - o
under Rule 26bis. 1, the international application contains in Box No. VI a priority claim to wn earlier national application filed in the

particular State concerned. in order (o avoid the ceasing of the effect, under the national law, of this earlier national application.)

Box No. VI PRIORITY CLAIM AND BOCUMENT

The priority of the following carlier application(s) is hereby claimed:

Filing datc Number Whete carlier application is:
of earlier application of carlier application | T aoolication: - — - — —
(denrmonth/vear) natona 3}??!1L=1t!0ﬁ- regional application: linternational application:
’ conatry of Member regional Office receiving Office

of WTG

itew (1)

item (2}

itew (3)

{:j Fusther priority claums are indicated in the Supplemental Box.

Furnishing the priority document(s):

D The receiving (Hfice is reguesied 10 prepare and transmit to the Indernational Bureau a certified copy of the earlier application(s)
(only if the carlier application(s) was filed with the receiving Office which, jor the purposes of this international application, is
the receiving Office) identified above as:

i:f all items E:j item (1) {:E itera (23 !:E item (3) D other, see Supplemental Box

m The Enternational Bureau is requested to obiain from a digital Hbrary a certified copy of the earlier application(s) identified above,
using, where applicable, the access code(s) indicated below (if the eariier application(s) is available to it fiom a digital library):

m item (1) g::} item (2) {:} item (33 {:3 her, see

access code access cods aceess code Supplemental Box

Restore the right of priority: the receiving Office is requested to restore the right of priority for the earlier application{s) identified
above or in the Supplemental Box as item(s) { Y. {See nlso the Notes to Box No. VI, further
information must be provided o support a request to restore the right of priority.)

Incorporation by reference: where an element of the international application referred to in Article F1(1)ii2){(d) or (e} or a part of the
description, claims or drawings referred to in Rule 20.5(a) is not otherwise contained in this international application but is complete
contained in an earlier application whose priority is claimed onthe date on which one or more elements referred to in Article F1{1){iih)
were first received by the receiving Office, that element or part is, subject to confirmation under Rule 20,6, incorporated by reference
in this international application for the pumposes of Rule 20.6.

v

k4

Box No. VI INTERNATIONAL SEARCHINGAUTHORITY

Choice of International Searching Authority (ISA ,"ili maore than one International Searching Authority is competent 1o carvy our the
J £ =3 & & P
international sea f@: indicate the A.’;;‘horiw CIELT'S&‘J; e two-letter code may be usedi:

sa/ KR
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Continuation of Box No. VEE  USE OF EARLIER SEARCH AND CLASSIFICATION RESULTS
1. Request by the applicant under Rule 4.12

1 m The ISA indicated in Box No. VI is requested to take into account the results of the earlier searchies} indicated
below {see also Notes to Continnation of Box No. VI item I use of results of more than one earlier search)
Filing date (day/month/vear) Application Number Country {or regional Cffice)

E Statement {Rule 4.12{D): this international application is the same, or substamtially the same, as the application in respect of
which the earlier search was carried out except, where applicable, that it 1s filed ina Qifferent language.

1.2 Submission of the earlier search results, where necessary™

B Availabifity of documents (Rules 125i5.1(¢) and (&) and 124is.2(h)): the following documents are available o the ISA ina
fi:}? Sd;}d a manner acceptable 1o if, and therefore B NOT need to be submitied by the applicant 1o the receiving Office, orto

¢ [SA.

a copy of the resulis of the earlier search,

a copy of the earlier application,

a transiation of the earlier application into a language which is accepted by the ISA.

a transiation of the resalts of the earlier search into a language which is accepted by the ISA,

acopy of auy document cited inthe earlier searchresults (ifknown, please indicate below the documents available fo the ISAY.

EE[.']DE]D

E:E Request from the applicant to the receiving Office to transmit to the ISA a copy of the earlier search results (Rule 125is.1(b)
and (dY}: (where the earlier search was not carried out by the IS4 indicated in Box No. Vil But by the same Office as that which
is acting as receiving Qffice; or where the corlier search resulls ore otherwise available to the receiving Office): the applicant

requests the receiving Office to prepare and transmit to the ISA a copy of the eariier search resalts.

* The applicant only needs to furnish a copy of the carlier search results to the receiving Office, or the ISA, if none of the scenarios
mentioned under item 1 applies. (See item {0 in the check-list and also Notes 1o Continuation of Box No. Vil, item {).

B Further earlier searches are indicated on a continuation sheet.
2. Transmission of the carlier search and classification results to the ISA by the receiving Office where the applicant BID XOT
make a reguest under Ruje 4,312
2.1 Where the international application claims priority of ancarlier application. subjectto Article 30(2)(a) and (3), the receiving Office:
— shall transmit a copy of the carlier search and classification results to the ISA (unless such copy is already available to the ISA),
where the eathier apphaan(m was fed with the same Office as that which i ing as the receiving Oifice and that Office has
carried out the earlier search in respect of the earlier application (Rule 235is.2¢a)y),;
— may transmit such a copy if the earlier application was filed with a different Ofﬁcc but where the resulis of that carlier search
and classification are neveriheless available fo the receiving Office {Rule 235i5.2{c}).
However, where the applicant did not request the receiving Gffice to transwit 1o the E‘%f\ a copy of the eatlier search results under
Fule 4.12 (sce above item 1), in espect of an earlier search carried out on the following carlier application, the priczity of which is
uently claixed in this intemational applicatiox, the applicard way cousider {(see alse Notes fo Continuation of Box No, VI,
et 2 use l’f}’l'O;‘L than one earlier searchy.
Pllmg date (davimonth/vear) Application MNumber Country for regiona Qffice;

2.2 Request not to transmit the carliey search results by the reveiving Office to the 1SA (Rule 235845.2(B)
{j to request that the receiving Office DOES NOT transmit the results of the earlier search to the ISA Rule 235i5.2(b)) (may only
he checked where the international application is filed with the following receiving Offices: DE, FI and SE)

) and ()}
(e} (may
7, JP. NO,

2.3 Authorizationto transmit the earlier search and classification results by the receiving Office to the ISA(Rule 235is.2

E:} to authorize the receiving Office {0 transmit the resulis of the sarlier search and classification to the [SA (Rule 2351
am’s he checked where the international application 1s filed with the following receiving QOffices: AU, CH, CZ, Fi, HU,
St, SCG and US)

m to ,mﬂxm e the receiving Office to transmit the results of the cartier international searchand classificationto the ISA(Rule 2321
aud Artl:ie 30(23(a) and (3)) (mayv only he checked where the earlier search concerns an international app’lcﬂfmﬂ
of which is subsequently ¢ lﬂzme this international application and wherve the earilier infernational search was carrvied out by a
different ISA than the 154 chosen in Box No. VD)

{:} Fuarther earhier searches are indicated on a continuation sheet.
Box No. VIIE DECLARATIONS

The folowing declarations are coniained in Boxes WNos. VI (1) to (v) fmark the applicable Number of
check-boxes i)e low and indicate in the right colwmn the number of each type of declaration): declarations
{:] Box No. VIH () Declaration as to the identity of the inventor

Ej Box No. VIH (i1} Deciaration as to the applicant’s entitlement, as at the international filing

date, to apply for and be gramted a patent

B Box No. VI (ii) Deciaration as 1o the applicant’s entitlement, as at the intermational filing
date, to claim the priority of the earlier application

Rox No. VI (iv) ;

ration of tnvertorship (enly for the purposes of the desigration of the

United States of Amenca) : 3
Ej Box MNo. VI ) Declaration as 1o non-prejudicial disclosures or exceptions to lack of novelty
Form PCT/RO/M0T (third sheet) (revised Janvary 2019) See Notes to the request form
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8 el ‘ewehicdi vy - e
(b) description (exchuding any 3. [3 original general powerof attorney. ... .. ............
sequence Hsting part of the
description, see (), below) .. .. .. . 131 4. I3 copy of general power of attorney; reference
. RUCT. © L. o e e e e
@yclaims ... ... ... oL : 3
P 5. [0 prorty document(s) identified in Box No. VI
(dyabstract .................. ... 1 ASTHEMIEY Lo ot
(&) drawings Gfany)............... : 41 6. [3 Translation of international application into
e (anguage): ... ..
() sequence Histing part of the ranguage)
S i 3 o~ § af « . . . . . <
fj"b" prowin ‘hf; fbomof an 7. [ separate indications conceming deposited
imagefile g PRF} ... microorganism or other biological material . ... . ... ..
“““““““““““ 8 [ roniywhere item (f) is marked in the lefi colummi)
Total number of sheets (including the copy of the sequence Hsting in electronic form
sequence listing part of the description {(Annex {/5T.25 text file) not forming part of
if filed as an image file) . ... ... .. ... . 28 the international application but furnished only
for the purposes of international search under
Rule 13fer. ... .. ..

(g) sequence listing part of the description
9. [ coniywhere item (f) (in the lefi column) and item 8 (abovel

. T S ) i iled ‘
{3 tledinihe form ofan Annex C/ST2S text are marked) a statement confirming that “the infounation

file recorded in electronic form submitted under Rule 137er
"] WILL BE filed separatcly on physical data is identical to the sequence listing as contained in the
carrier(s}, on the same day and in the form imernational application” asfiled via EFS-Web: ... .. ..

of an Annex T/ST.25 text file . . Y L
copy of results of carlier search(es) (Rule 12his. 1) . ..

Indicate type and number of physical daia

e other (specify): Transmittal Letter ... . ... : 1
Figure of the drawings which Language of filing of the :
< o £ 1 et o English
should accompany the abstract: international apphcation:

Box No. X SIGNATURE OFAPPLICANT, AGENT OR COMMON REPRESENTATIVE

Next i each signature, indicate the name of the pesson signing and the capacity i which the person signs (if such capacity is not ehvious from reading ihe request).

/Rebert J. Sovesky/

Robert J. Sovesky
Regisiration No. 73,798

For xeceiving Office use only

L. Date of actual receipt of the puported . 07 February 2019 (07.02.2019) 2. Drawings:

international application: <

. . . received:
3. Correcied date of actual receipt due 1o later but [j
timely received papers or drawings completing
the purported international application:

4. Date of timely receipt of the tequired E:} not received:
corrections under PCT Article 11(2):
5. International Searching Anthouty KR G. Trausmitial of search copy delayed

(i two or e are competent), until search fee is paid

For International Burean usc only

Date of receipt of the record copy
by the International Bureau:

r

Forn PCT/RO/01 (last sheet — EFS) (revised January 2019} See Notes to the reguest form
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PATENT COOPERATION TREATY PCT/US2019/016973

PCT

NOTIFICATION OF THE RECORDING
OF A CHANGE

(PCT Rule 92bis.1 and
Administrative Instructions, Section 422)

From the INTERNATIONAL BUREAU

To:

SOVESKY, Robert, J.
K&L Gates LLP

210 Sixth Avenue

K&L Gates Center
Pittsburgh, PA 15222-2613
Etats-Unis d'Amérique

Date of mailing (day/month/year)

22 April 2021 (22.04.2021)

Applicant's or agent's file reference

180639PCT

IMPORTANT NOTIFICATION

International application No.

PCT/US2019/016973

International filing date (day/month/vear)

07 February 2019 (07.02.2019)

1. The following indications appeared on record concerning:

B4 the applicant [] the inventor

[] the agent [[] the common representative

Name and Address

ARCONIC INC.

201 Isabella Street
Pittsburgh, PA 15212-5858
United States of America

State of Nationality | State of Residence
us us

Telephone No.

Facsimile No.

E-mail address

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:
[] the person the name [] the address [ the nationality [ the residence

Name and Address

HOWMET AEROSPACE INC
201 Isabella Street
Pittsburgh, PA 15212-5858
United States of America

State of Nationality | State of Residence
us us
Telephone No.

Facsimile No.

E-mail address
[] Notifications by e-mail authorized

3. Further observations, if necessary:

4. A copy of this notification has been sent to:
"4 the receiving Office
[ the International Searching Authority
O the Authority(ies) specified for supplementary search

O the International Preliminary Examining Authority
p 4| the designated Offices concerned
O the elected Offices concerned

O other:

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Authorized officer

Al Harrasi Tariq
e-mail pct.team4@wipo.int
Telephone No. +41 22 338 74 04

Form PCT/IB/306 (revised January 2020)

1/NPRKVTL3M7J7X0
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PATENT COOPERATION TREATY PCT/US2019/016973

CORRECTED VERSION

PCT

NOTIFICATION OF THE RECORDING
OF A CHANGE

(PCT Rule 92bis.1 and
Administrative Instructions, Section 422)

From the INTERNATIONAL BUREAU

To:

SOVESKY, Robert, J.
K&L Gates LLP

210 Sixth Avenue

K&L Gates Center
Pittsburgh, PA 15222-2613
Etats-Unis d'Amérique

Date of mailing (day/month/year)

27 April 2021 (27.04.2021)

Applicant's or agent's file reference

180639PCT

IMPORTANT NOTIFICATION

International application No.

PCT/US2019/016973

International filing date (day/month/vear)

07 February 2019 (07.02.2019)

1. The following indications appeared on record concerning:

B4 the applicant [] the inventor

[] the agent [[] the common representative

Name and Address

ARCONIC INC.

201 Isabella Street
Pittsburgh, PA 15212-5858
United States of America

State of Nationality | State of Residence
us us

Telephone No.

Facsimile No.

E-mail address

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:
[] the person the name [] the address [ the nationality [ the residence

Name and Address

HOWMET AEROSPACE INC.
201 Isabella Street
Pittsburgh, PA 15212-5858
United States of America

State of Nationality | State of Residence
us us
Telephone No.

Facsimile No.

E-mail address
[] Notifications by e-mail authorized

3. Further observations, if necessary:

4. A copy of this notification has been sent to:
"4 the receiving Office
[ the International Searching Authority
O the Authority(ies) specified for supplementary search

O the International Preliminary Examining Authority
p 4| the designated Offices concerned
O the elected Offices concerned

O other:

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Authorized officer

Al Harrasi Tariq
e-mail pct.team4@wipo.int
Telephone No. +41 22 338 74 04

Form PCT/IB/306 (revised January 2020)

1/GKRSTGZZFRCLS50
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PTO/SB/08a (02-18)

Doc code: IDS Approved for use through 11/30/2020. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

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

Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Robert B. WILCOX
Art Unit |

Examiner Name |

Attorney Docket Number

| 118508/US01/PCTNS/180639P

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)_(gm:ner Cite Patent Number Kind Issue Date Na”."e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code!’ of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add

U.S.PATENT APPLICATION PUBLICATIONS

Remove

Examiner,
Initial*

Cite No

Publication
Number

Kind
Code?

Publication
Date

Name of Patentee or Applicant
of cited Document

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code?j Code#| Date PR Passages or Relevant
Document .
Figures Appear
1 |b1-101460 = U  |197608-14 |[uck Manufacturing
[Company
2 [3-060608 P U 1991-06-14 Tokin Corp.
3 £1-035214 P U 1986-03-04 Wakai & Co., Lid.

EFS Web 2.1.18
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Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor | Robert B. WILCOX
STATEMENT BY APPLICANT At Unit |

( Not for submission under 37 CFR 1.99)
Examiner Name |

Attorney Docket Number | 118508/US01/PCTNS/180639P

4 014-029210 P A 2014-02-13 Newfrey LLC

5 [10-2005-0037765 KR A 2005-04-25 Hyundai Motor Company X

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s}, TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

Intemational Search Report and Written Opinion for Intemational Application No. PCT/US2019/016973 mailed
November 7, 2019 10 pages.

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature Date Considered |

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
1 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if|
English language translation is attached.

EFS Web 2.1.18
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Application Number

Filing Date

INFORMATION DISCLOSURE First Named Inventor | Robert B. WILCOX

STATEMENT BY APPLICANT

o Art Unit |
( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number | 118508/US01/PCTNS/180639P

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 /Robert J. Sovesky/ Date (YYYY-MM-DD) 2021-07-19
Name/Print Robert J. Sovesky Registration Number ’73798

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.S.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.

EFS Web 2.1.18
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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/aor 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 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 1974, as amended, pursuant to 5 U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may he 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.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
hisfher 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.S.C. 151. Further, a record
may he 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.

EFS Web 2.1.18
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inventor{s}:

Applicant{s}:

- international:  FYSRISM0; (IPCA-TY F18B19/M10

= cooperative:

Classification:

JP188001224240 10881018

Application number:

JP168801224241 19881018

Priority number{s)h
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HESN{Representative drawing)

The prasent invention relates to the junction and the bonding m
ethod for welding the FRP panel with the dissimilar panel, and a
frar it is ingeried into the through-hole formed in the FRP panel
and it is settled in the first junction in which the first mounting
portion is the top surface of the FRP panel it consists of combini
ng means which are inserted into the inner side of the pop nut,
fixed to the FRP panel and the pop nut placing the junction pan
gl in the interval and is fixed o both sides of the FRP panel sinc
a the external diameter bacomes comprehensive in the second j
unction which is the first junclion and opposite surface of the FR
P panel by the tool equipped with the screw thread going in gea
¢ with the screw thread formed in the inner side belng inserted
and advanced to the insertion direction and opposite direction a
ngd the second mounting portion is formed and fastened up and
the number of process can be reduced than the junction of usin
g the conventional bracket by using such junction and bonding
method and the expense can be reduced by nols using the sepa
rate bracket. Moreover, it has the advantage of molding the FRP
panel in which the space which the bracket occupies is not nece
ssary and which does not receive the spatial restriction.
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Clales 12

As the junction between the FRP panel and the junction panei: t
he FRP panel junction it is inserfed into the through-hole forme

d in the FRP panel and it is settled in the first junction in which t
he first mounting portion is the top surface of the FRP panel ; a

nd of comprising combining means which are inserfed into the i

nner side of the pop nut which placas the pop nut fixed to the F

RP panel and Lee solid junction panel in the interval since the e

xtermnal diameter becomes comprahansive in the second junctio

n which is the first junction and opposite surface of the FRP pan
el by the tool equipped with the screw thread going in gear with
the screw thread formed in the inner skie being inserted and ad
vanced to the insertion direction and opposite direction and the

second mounting portion is formed and fixed to both sides of th

& FRP panel and are fastenad up.

Ll 3z

As for claim 1, the FRP panel junction it uses the bonding meatho
d between the first junction of the FRP pansl and the first moun
ting portion ; and where the anti-rotation means is inserted bet
ween the combining means and junction panel.

Claim 3

To the bonding method for welding the FRP pane! to the junctio
n panel: the FRP panel bonding method comprising: inserting to
the inner side of the pop nut the tool insarting the pop nut egul
pped with the body, and the first mounting portion in the upper
portion of the body equipped with the step of forming the throu
gh-~hole on the FRP panel, and the screw thread in the inner sid
e in the through-hole and includes the screw thread going in ge
ar with the inner side of the pop nut to place In the interval and
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insert into the pop nut and tighten the junction panel the combi

ning means, equipped with the step of adhering the pop nut clo

sely to the first junction, the step that it experiences the tool du
e to the Insertion direction and opposite direction ; the second §

unction, and the screw thread going In gear with the pop nut; ¢

he step of adhering the pop nut closely to the first junction is th
& top surface of the FRP panel; and the step that it experiences

the tool due to the insertion direction and opposite diraction ; th
a second junction is the first junction and opposite surface of th

& FRP panel broadens the axternal diameatar of the pop nut and |
t forms the second mounting peortion ; and the first mounting po
riion and the second mounting portion of the pop nut adhere clo
saly with the first junction and the second junction of the FRP p

anel.

Background Art
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The present invention relates to the junction with the panel diff
grent from the panel of the FRP material and bonding method.
More specifically, it is about the junction and the bonding meths
d for using the separate bracket and weliding the panel different
from tha FRP panel as the sasily using the pop nut.

Generally, the panel used for the panel of the FRP malerial, esp

acially, the crash pad of the vehicle ete. is made with the hand |
ayup {(hand lay up) construction method. There is a problem tha
t means for combining inside FRP with the different pari cannot

be set up in the method in which the hand layup construction m
aethod more and more laminates FRP in more and more and havi
ng the praedetermined thickness in the laminate. Therefore, it do
as using the saparate combining means the FRP panel manufact
ured by such hang layup construction method is adhered with t

tie dissimilar panel.

The method for setting up the separate bracket {20} and bindin
g the crash pad bottom panel (40) in the side (11} to weld amo
ng the FRP panel {10} conventionaily shown in figures 1 and 2 ¢
sing the combining means {30} including the bolt ete. in ordar t
o weld the crash pad of the vehicle which was one of FRP panel
manufactured by the hand layup construction methads with the
crash pad bottom paned, was used.

Specifically, the bracket (20} has the structurs it includes the mi
ddle side (21}, and the wing portion {22} in left and right of the
middie side (21) and where the middle side (21} is comprised le
ft and right wing portion {22} and stepped pulley. In the middle
side {21}, the through-hole {210} in which the combining mean
g {30} including the bolt etc. is penetrated is formed and the nu
£ {31} going in gear with the bolt ete. s fixed to and combinad |
n the rear surface of the middle side (21) with the welding lam
p. Moreover, left and right wing portion {22} may be provided wi
th the rivet hole (220) for the riveting.

Left and right wing portion (22} of the bracket (20} are combine
d in the FRP panel {10} through the rivet hele {(220) using the ri
vet {221). Thereafter, the crash pad bottom panel (it for the sak
& of convenience In illustration says to be hereinafter the " junct
ion panel " this with 40.) to weld is positionad at the middie sid
e {21} of the bracket {20}. The junction panel {40} may be prov
ided with the hole {41} through which In advance, the combinin
g means including the millivolt etc pass. Then, if the combining
means (30} including the bolt efc. is insarted on the through-ho
le {210} formed in the hole (41) and brackat (20} and it tighten
g , the bracket (20} and junction panel {40} stick with the nut
{31} fixed to the bracket {21) and the FRP panel (10} in which a
ceordingly the bracket (20) is fixed is walded into the junction p
anel (403,

This kind of the conventional bonding method has the FRP panel
and the process of the rivet welding the bracket to the FRP pan

el it forms the hole for the riveting on the wing portion of the br
acket, and the problem the number of work process welding the
junction pana! including the process elc. increases the bracket a
nd that the process nead the part including the bracket ete. and
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cast is very much required. Moreover, there is a problem that th
& separate space accommadating the bracket is necessary and t
he moldability of the FRP panel is limited.

Summary of Invention

g R
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Effects of the Invention

As shown in it looks into the above the invention provides the
FRP panel and the junction of welding the junclion panel it
tightens the combining means Is inserted into the pop nut the
junction panel is placed in the interval the first mounting
portion and the second mounting porfion are formed the pop
nut is made with both sidas {first and second junction} and
close adhesion fixation of the FRP panel and method thereof. In
that way the number of process can be reduced than the
structure of using the conventional bracket and the expense can
be reduced by nots using the separate bracket. Moreover, i has
the advantage of molding the FRP pana! in which the space
which the bracket cccupies is not necessary and which does not
receive the spatial restriction.

Technical Task

The ohiect of the invention is to provide the FRP panel, the junc
tion and the bonding method for welding the junction panel as t
he gasily the combining means including the belt etc. is bound i
n the pop nut the junction panel is placed in the interval the po

g nut is fixed to the FRP panel with the hele is formed on the FR
P panel for solving the problem.

Structure & Operation of the Invention
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To accomplish the above objects, the invention relates to the ju
nction betwean the FRP panel and the junction pansl: the first
mounting portion is included in the inner side in the body and u
pper portion of the threaded cylindrical shape and affer it is inss
ried into the through-hole formed in the FRP panel and the bod
y are settled in the first junction in which the first mounting por
tion is the top surface of the FRP panel the FRP panel and juncti
on panel can be bound including the combining means which is |
nserted into the inner side of the pop nut which places the pop
nut, fixed to the FRP panal and junction pane!l in the interval sin
ce the external diameater becomes comprehensive in the second
junction which is the first junction and opposite surface of the F
RP panal by the tool aquippad with the screw thread going in ge
ar with the screw thread formed in the inner side being inserted
and advanced to the insertion direction and opposite direction a
nd the second mounting portion is formed and fixed to both sid
as of the FRP panel and is fastened up withoul the separate bra
chat.

Moreover, the bonding method is used between the first junctio
n of first mounting portion and FRP panel of the present inventi
on and the anti-rotation means is inserted between the combini
ng means and junction panel and the pop nut is dosely fixed ab
out the FRP panel and it is not rotated.

Moreaver, [0 the bonding method in which the invention welds t
he FRP panel to the junction panel: the step: tool of inserting th
e tool equipped with the screw thread inserting the pop nut equi
pped with bady, and the first mounting portion in the upper port
ion of the body eguipped with the step of forming the through-h
ole on the junction of the FRP pansl, and the screw thread in th
& inner side in the through-hole and goes in gear with the inner
side of the pop nut to the inner side of the pop nut and adherin
g the pop nut closely to the first junclion which is the top surfac
¢ of the FRP panal is suffered due to the insertion direction and
opposite diraction. In that way the second junction which is the
first junction and opposite surface of the FRP pansl broadens th
a external diameter of the pop nut and the sacond mounting po
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riion is formed and the FRP panel bonding method comprising ©
he step of placing the junction panel in the interval and insertin
g the step that the first mounting portion and the second mount
ing portion of the pop nut adbere closely with the first junction
and the sacond junction of the FRP panel and the combining me
ans equipped with the screw thread going in gear with the pop
nut into the pop nut and tightening is provided.

Hereinafter explain more specifically about referring to the figur
g, the FRP panal junction according to the invention and the att
ached method thereof. 1t is drawing in which fig. 3 shows the st
ate whare the pop nul is inseried into the FRP panel, It is drawi

ng in which fig. 4 shows tha process of forming the second mou
nting portion on the pop nut using the tool. It is drawing in whic
h fig. 5 shows the process of removing the tool, And figure 6 is

drawing showing the FRP panel and the state where the junctio

n pane! is weided using the combining means.

As shown in Figure 3, the pop nut {50) is the thickness used for
the invention when weiding paned afc,, is thin and cannot make
the tap it uses. It consists of the first mounting portion {53) for
med in the head part of the body (52) and the ¢ylindrical body
{52} including the screw thread (51 in the inner side. It is inser
ted into the through-hole (110} formad in the FRP panel (10} w
hich the pop nut (50} welds. The side in which the first mountin
g portion {53} is welded to the FRP panel (10} is comprised the
first junction {12). The pop nut {50) is adopted to the FRP panel
{10} between the first mounting portion {53) and the first juncti
o {12} using the bonding method {111} including the FRP exclu
sive adhesive ete. and it does not rotate.

Referring to figures 3 through 5, the process of forming the sec
ond mounting portion (54) on the pop nut {50} using the tool {6
0} can be known about the pop nut (50} settled in the FRP pane
1 {10}, In the tool (60) is the cuter periphery, the threaded tosl
rod {61} going in gear with the screw thread (51} formed in the
pop nut (50) inner side is included and if it rotates at the arrow
diraction of fig. 1 after the tool {80} is Inserted into the pop nut
{50}, the screw thread {51) of the pop nut {(50) and ool rod {6
1} goss in gearn If the tool rod {61} is completely inserted into t
he pop nmut {50} | the first mounting portion {53) of the pop nut
{50} more adheres closaly to the first junction {12} of the FRP p
anel (10). Then, it can be more adamantly fixed with the bondin
g method {111} in which the first mounting portion (53} and the
first junction {12} are inserfed into the interval, Then, the state
whare the tool rod {61) goes in gear is maintained. If the tool r
od {61} is dragged by the insertion direction and opposite direct
ion , the powear in which the pop nut (50} goes in gear with the
tool rod (81) and pulled is delivered to the pop nut {80}, Due to
this, in the second junction (13} which is the first junction (12}
and opposite face of the FRP panel (10), the deformation in whi
ch the pop nut {50) widens to the outside is caused and the sec
ond mounting portion {54} is formed (fig. 4 the , refer o Figure
5). Then, the tool (60} Ix rotated and it separates from the pop
nut {50).

Accordingly, the first mounting portion {53} and the second mo
unting portion {54} the pop nut {50) are closely fixed in as sho
wr in Figure 5 with the first junction {12} and the second juncti
on {13) of the FRP panel {10). The junction panel (40) is welded
with as shown in after is 6 using the combining means {30} ind
uding the bolt et¢. The combining means {30) the screw thread
{32) going in gear with the screw thread (51) formed in the inn
er side of the pop nut (50) is formad in the outside. As to the ju
nction process, the hole (41) formead in the junction panel (40} 1
s coincided with the inner side of the pop nut {50) fixed to and
combined with the FRP panel (10} and if the junction panel (40}
is placed in the interval and the combining means (30} is insert
ad and it tightens , the FRP panel {10} and junction panel {40}
are walded. Then, the anti-rotation means (33} including the wa
sher etc. can be used between the head unit of the combining
means {30} and junction panel {40} in order to prevent the rota
tion of the pop nut {50}, Especially, it is effective for the anti-rot
ation of the pop nut {50} to adept that the diameter of the anti-
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rotation means (33) is identical with the diameter of the pop nu

£ {50).
Fo] CEr Fiviet 4 Brief explanation of the drawing
18 Sool Fre mhdol ST FEE LRI E 2R MAR; Figure 1 is an isolation perspective view :
£ 2= oo FRP T ZUE MEE BN CHEE: showing the junction of the conventional FRP panel Figure 2is a

crogs-sectional view :

E 32 BYEZ FRe IO HOUE 4HE USUE EY;

showing the welded state of the conventional FRP panel Figure
£ 4k B7E O1BOI0] PHEN M2 RS Yyt IS Ue 3is a drawing:
e =g,

showing the state whare the pop nut is inserted into the FRP pa
E 5 238 MHSHs S sl 5 =1y nel Figure 4 is a drawing:

I

C 58 HBAHE 08 ST ST HEE A . showing the process of forming the second mounting portion on
6;.:_ _ ;MF olgsiol FRP TYI dEEEC TEw o the pop nput using the tool Figure 5 is drawing and

showing the process of removing the too! Figure 6 is drawing sh
awing the FRP panel and the state where the junction panel is w
elded using the combining means.
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of the denctation about the main part of 003c# drawing. 10: th

33 AR ST 40 HEEY a FRP panel 12: the first junction

50 @ WHE 51 ¢ LA . 13: the second junction 30: the combining means
52 BA 53, 54 At W A2 okRig . 33: the anti-rotation means 40: the junction panel
&0 : FF 61 78 . 50: the pop nut 51: the screw thread

. 52: the body 53, 54: first and second mounting portion

. 60: the too! 61: the tool rod
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[j It is also acconpanied by a copy of each pricr art document cited n this report.

1. Basis of the report
a. With regard 1o the lasguage, the Irdemational scarch was caried out on the basis of
W e iernzlional apnlication in ihe laneuase in which it was Sled
X ihe wterpational application in the language {n which i was [iled
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b. This wternatiounal search report has been established taking into account the rectification of an obvious mistake
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being obvious 1o a person skilled in the att
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(PCT Rule 43bis.1)
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idavimontivyeary 87 November 2619 (§7.11.2019)

Apphicaxt's or agent's file reference FOR FURTHER ACTION
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Iternational application No. International filing date /day/monti/vear) Prionty datefdayvinonth/year)

POT/US2019/016973 07 February 2619 (87.02.2619)

Jaternational Patent Cla

FI6R 7/142600.000

issification (IPC) or both national classtfication and 1PC

Applicant
ARCONIC INC,

1. This opinion contains indications relating to the following items:

BoxNo. { Basis of the opinion

BoxNeo. {1 Priovity

BoxNo. Il Non-estabhishment of opinion with regard {o novelty, inventive step and industrial applicability

BoxNo. IV Lack of umty of invcmiion

BoxWo. V. Reasoned siatement under Rule 43bis. 1{a)() with regard to novelty, inventive step and industrial applicability;
citations and ¢xplanations supporting such statement

Box No. VI Certamn documents cited

Box No. VI Cerain defecis in the international application

LT A LIRS

Box No, VIH  Certain observations or the international application

2. FURTHER ACTION
I 3 dewand for intexnational preliminary examination is made, this opinion will be considered 10 be a writien opinion of the
Intemational Preliminary Examining Authonity ("IPEA") except that this does not apply where the appiicant chonses an Authority
other than this one 10 be the TPEA and the chosen IPEA has notified the International Burean nuder Rude 66, 1vig(h) that written
opitions of this International Searching Authority will not be so considered.

if this opinlon is, as provided above, cousidered to be 3 wiitien opiuion of the IPEA, the applicant is invited 1o submif {o the
TPIEA a written 1eply together, where appropniate, with amenduents, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 wmonths from the prionty date, whichever expires latex.

Tor {urther optious, see Form PCTASA220.

Name and mailing address of the ISA/KR Diate of completion of this opinion § Authorized officer
Internaficnal Apphication Division
o sHectu: sesty Offic TRANC ;
Kom}n Lntell wum{Pwpmjz u;ﬁce BWANG, Chas Yoou
§ 189 Cheongsa-1o, Seo-gu, Dagjeon, 06 Movember 2019 (06.11.2019)
X 35208, Republic of Korea - R "
Facsimilc Ne. +82-42-481-8578 Telephone No. +82-42-481-3347

Form PCT/ASA/237 (cover sheet) (Janmary 2015,
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) . . International application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/USZ819/816973

Box Ne. T Basis of this opiuion

1. With regard to the langumage, this opinion has been established on the basis of
the international application in the langnage in which it was filed

m a transiation of the international application into which is the language of 4
{ransiation {umished for the purposes of iniernationad search (Rules 12.3¢a) and 23.1(b))

2.4 This opiniox has been established taking into account the rectification of an obvicns misinke anthorized by or notifled
to this Authwnty ander Rule 91 Rulde 43475.1(a)
3 E_] With regard to any nucleotide and/or aming actd sequence disclosed in the inicrnational application, this opinion has
been established on the basis of a sequence listing:
a [ ] forming part of the miernational application as filed:
m inthe form of an Annex C/ST.25 text file.

ou paper of i1 the form of an image file.

b, E:E furnished together with the international application under PCT Rule 137er. 1(a) for the purposes of tnternatisnal
sgarch only n the form of an Aunex C/8T.25 text file.

c. ﬁ fumnished subseqguent {o the international Tiling dat > purposes of ineraational search only:

E in the form of an Annex /51,25 text file (Rule 13fer 1(ay).

[] ot paper or in the form of an image file (Rule 13rer.1(b) and Administrative Instimctions, Section 713},

4. | Inaddition, in the case that moss than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies 1s identical to that formmng part of the application as
filed ot does not go beyond the application ag filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ASA/237 (Hox No. D January 2015
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WRITTEN OPINION OF THE [ntersational applicaton No,

INTERNATIONAL SEARCHING AUTHORITY POCT/US2019/016973

Rox Neo. V Reasoned statement under Rule 43bis.3(a3() with regard to novelty, inventive step or industrial appticability;
citations and explanations supposting such statement

1. Statement

Novelty (N} Claiwg 1-20 YES
Clains NONE NG

Iaventive step {IS) Claims NONE YES
Clams 1% NG

[ndustrial applicability 1&)  Claims 1-20 YES
Claims NONC NO

2. Citations and explanations :

Reference is made to the following documents:

Dl JP 51-101469 U (HUCK MANUFACTURING COMPANY) 14 August 1976
52 P 03-060608 U (TOKIN CORP) 14 June 1991

I. Novelty and Inventive Step (PCT Asticle 33{2} and (3))

. Claims 1-15

1.1 Claim 1

D1, which is considored to be the closcst prior ad to the subject matter of claim 1
discloses a blind fasteoer comprising: a sleeve (3) comprising a first sleeve end (9), a second
sleeve end (), a cavity (7} extending from the frst sleeve end to the second sleeve end; and
a mandrel (6} configured to be al least parhally received by the cavity of the sleeve, the
mandrel compnsing a first mandrel end disposed adjacent to the first sleeve end (9) and
comprising an enlarged portion {11} having a diameter greater than a diameter of the cavity
{7}, a sccond maundrel end comprising a pull region (20}, and a shank region extending
mtermediate the first mandrel end and the second mandrel end, wherein the pull region (20)
comprises an axial length greater than 4 times a diameter of the shank region (see claim 1 and
figures 1-2).

Claim 1 differs from D1 in that 2 pull region comprses au axial length no greater than 4
times a diameter of a shank region and iz configured to be engaged by an installation fool
However, D2 discloses that a pull region comprses an axial length no greater than 4 times a
diameter of a shank (10) and is configured to be engaged by an installation tool (9} (see claim

I and figures 1-5})
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Accordingly, claim 1 would have been obvious over D1 in view of D2, Therefore, clatm 1

does not involve an nventive siep.

1.2, Claims 2-15

The additional features of claims 2-3 would be easily conceived from the disclosure of D2
conmdering that a pull region has a length and that a length of the poll region 15 easily

modified or optimized by the person skilled in the art (sec claim 1 and figures [-S).

The addmional foatwre of clatm 4 would be casily conceived from the disclosure of Dl
coensidenng that a pall region (20} comprises a taper extending from a shank region {see olaim
1 and figures §-2}.

The addibonal featwre of claim 5 would be easily conceived from the disclosure of B2
considering that a mandrel (1) does not coroprise¢ a breakneck groove (see claim 1 and figures
1-5),

The additional features of claims 6-7 are mercly matters of design option when the general

technical koowledge about the state of the art s used.

The additiopal features of claims 8-9 would be casily conceived from the disclosure of DI
conmdering that a mandrel (6) comprises thrcaded region and a groove {scc clatim 1 and

igures 1-2).

The additional feature of claim 10 would be casdy conceived from the disclosure of DI
considering that a sleeve (5} is generally cylindrical and a mandrel (6) is generally eylindrical

(see claim 1 and figures -2} .

The additbonal feature of clavn 11 18 well known i this technical field.

The additional feature of claim 12 would be easily conceived from the disclosure of D
considering that a blind fastener is adapted to be installed in a bore in a structure (2,3}, the
bore baving a dlameter greater than the diameter of an enlarged portion (11} {see clavm 1 and

figures 1-2).

Continued on The MNext Page
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The additional feature of claimn 13 would be casily conceived from the disclosure of D
considenng that a second sieeve end (8) compriscs a collar {10}, the sleeve ecud (8) is

configured to deform on a first side of the structure (se¢ clwm | and figures (-2}
The additional featurcs of clamms 14-15 are well known in this technical ficld.

Accordmgly, claims 2-15 would have been obvious over DI in view of D2 Therofore,

claims 2-15 do not involve an inventive siep.

2. Claims 16-20

1

2.1 Claim 16

D1, which is considered to be the closest prior art to the subject matier of claim 1o,
discloses a blind fastoner comprising: a sleove (53 comprising a first slecve cad (93, a sccond
sleeve end (8), a cavity {7} extending from the first sleeve end to the second sleeve end; and
a mandrel (6} configured to be at least partially received by the cavity of the sleeve, the
mandre] compusing a fist mandrel end disposed adjaccnt to the first sleeve end () and
comprising an enlarged portion {11} baving a diameter greater thas a diameter of the cavity
(73, a second mandrel end comprising a poll region (203, and a shank region extending
micrmediate the first mandrel end and the sceond mandrel ond, wherein the pull region {20}
comprises an axial length greater than 4 times a diameter of the shank region (see claim | and
figures 1-2).

Claam 16 differs from DI i that 1t further comprises: ¢ngaging a collet of the mstallation
tool with the pull region of the blind fastener; afier the inserting, forcibly contacting the
second sleeve end of the blind fastener with an anvil of the installation tool and moving the
pull region distal from the second sleeve end utilizing the collet of the installation tool, and
deforming the skeve on a fisst side of the sitructure, and swaging the second sleeve end onto
the shagk region on an oppositely disposed second side of the structure, thereby securing at
least a portion of the blind fastener in the structure. However, D discloses that a sleeve end
(8) is configured to deform on a first side of a structure {see claim 1 and figures 1-2) and D2
discloses that a pull region comprises an axial length po greater than 4 tunes a diameter of o

shank (10} and 1s configured to be engaged by an installation tool {9) and a collet (3) of the

Continued on The MNext Page
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installation tool {9} is engaged with a mandrel (1) of a blind fastener {sec claim 1 and figures
1-3).
Accordingly, claim 16 would have been cobvious over Dl in view of D2 Thercfore, claim

16 does not involve an mventive step.
2.2, Claims 17-20

The additional feature of clam 17 would be easily conceived from the disclosure of D2
consdering that a pull region has a length and that a length of the pull region is easily
modificd or optimized by the powson skilled w the art {sce clavn 1 aod figures 1-3}

The additional feature of claim 18 would be casily conceived from the disclosure of Dl
considening that a pull region {20} comprises a taper extending from a shank region {sce claim
b and figures 1-2}

The additional foature of claim 19 would be casily conccived from the disclosure of D2
cousidering that a mandeel (1) does not comprise a breakneck groove (see claim 1 and figures
-8}

The additional feabue of claim 20 s well known 1o this techuoical field.

Accordingly, clamms 17-20 would have been obvicus over D1 wm view of D2 Therefore,
claims 17-20 do not involve an inventive step.

. Industrial Applicability (PCT Article 33(4))

Claims 1-20 arc industrially applicable.
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

DESCRIPTION JPS51101469

BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a partial side sectional view showing a state in
which a fastener according to the present invention is attached to a plate but not yet fixed, and
FIG. 2 is the same as FIG. However, tightening is a figure which shows the state by which the tool
was completely fixed and the tail part of the pin was cut | disconnected. DESCRIPTION OF
SYMBOLS 1 ... Tighten the whole tool, 2, 3 ... Both plates to be fastened, 5.6 ... Sleeve and pin of
fastener, 7 ... Axial direction hole of sleeve, 8 ... » Sleeve head, 9 ... Sleeve tube shape, 10 ... Sleeve
flange, 11 .. Pin head, 12 ... Tension groove, 13 ... Cut-off part, 14 ... Groove for fixing, 15 ...
longitudinal rib, 16 ... plane, 11 ... cut end, 19 ... finger made by cutting tubular portion 9, 20 ...
tension groove, That is, the grasping part. 157-Akisho 5-101469 (2) 158-

DETAILED DESCRIPTION OF THE INVENTION The present invention relates to a joint 111, that
is, a fastener that is pulled from one side of the group of plates to be clamped together in order
to fix a plurality of plates together. (1) \ " The present invention provides an important
improvement over Japanese Patent No. 210,300. It is particularly important that the noodles as
described in the present invention can be phase-fixed according to the number of sheet metal of
I number of various thicknesses. A much broader grasp of i than the one shown in the patent! !
Especially for those using toys, Jin is the same as before. Also, it is possible to work by providing
a certain number of grooves, ie, 13 in a large number, that is, in total. It can also be used with
several different tightening guns (tensile workers) of Kti, this means that the length of the part
having the pulling groove extends to the total length of the pin, Hirohiro 5- In other words, the
previous tightening can be performed by providing a larger number of tensions 1111t than in
the tool. This will be described below with reference to the accompanying drawings. In WAK, the
tightening of a two-body structure according to the present invention is indicated by | as a whole,
and J / Ol # is attached A / I! If the plate and j are twisted, they can also be used to draw them.
Plates J and J are one stitch thickness. (J) Shown in quasi-X, i.e. in one gripping part, il 11 refers
to the application range for fastening the drawing board, i.e. increases until the total thickness of
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the plate and J reaches the above ¥ Then, a 4-tool O-tightening tool can be used. The holes in the
plates 3 and 3 are made in advance, and the fasteners are inserted into the holes of the 7L and
others as shown in FIG. Tighten the tool as a whole! And a pin indicated by 6 as a whole, and this
sleeve and pin! And 6 are made of a metal such as steel or aluminum. The sleeve JK is formed
with an axial hole 7, and an annular head 1 is made near three yzFi-11], and an annular taper
portion is made near the outer end of the heel L1doll. 1 XU —7"j r | On the opposite side, a
small and narrow tube-shaped portion f is contained, and the epiphysical heptolK is formed into
an integral ring-shaped 7-lung (or shoulder means) / 1l at one neck of the tube-shaped portion t.
The pin 4ri has an elongated aS ridge penetrating a hole in the head 17 warping plate made in
advance, and the head (reference), S7, / 1aFi Almost to the taste of the tube-shaped part close to
this. In the opposite end of the pin 4 diameter, a large number of VCFi tension grooves are
formed, 1t, this groove forms a grip for the tension tool, and in this design a number of tension #
/ The length of the tension II 8 (bunch [1 portion) formed in the process 2 is about M-of the
total length of the pin group.

A bi-jKi 'group of tension # 12 and a group of fixing rods / 4L are formed into a ilK ring-shaped
small-diameter portion / J, and this small-diameter iil. / J forms acut neck. 1 i ! The i fixed @
/ tei is a nine-wheeled heel made between the cut 4C neck 13 and pinhept ti, and has several
long one-way ribs / 3 spaced apart in the bin head / 1KFi circumference j side direction. The rib
tHs pin serves to provide a press fit between the rib tHs pin and the hole of the sleeve close
thereto. One of the excellent features of the structure according to the present invention is the
one shown in the previous% HE. Compared to Il Noah 11, this is to make the ¥z, vm no ¥ ad #,
and by this characteristic construction, the conventional tightening grasps a wide range of length
O * more than anything. The real benefit is that it is made possible. (The 777 bottle "bin 6 is
formed with a number of flats ikl / 4 that form an angle with respect to the axis of the bottle, and
this plane / 6 forms an outward th as shown in FIGS. To do. In this design, 1 hei flat IIr] / 4Fij is
made, and the line of intersection between these surfaces forms one cut end 1 with an equal
distance wh in the peripheral direction. As shown in FIG. 1, the two parts (j6) of the fastener are
passed through the hole 7 of the bottle 1rt sleeve, and the group of tension ridges 1 protrudes
from the end of the sleeve head 1, and the flange IIFi. 1 is set up so as to overlap the hole 1 of the
plate 2, and in this state is placed near the end of the hept // Fi tube section of the bottle, and the
cut end ! {inclined outward) -1 tube shape Located close to the edge of the part. The tightening
tool is a known tensioner AK 1 mounting C-, and the tool has a bundle II '+ step that engages the
tension groove | and a metal al that is pressed against the taper portion of the head t. Cut when
pulled against bottle 4 or sleeve JK? Engages with the lie @ of the tube-shaped portion and cuts
into the above-mentioned end, and gradually cuts the tube-shaped portion into KjllO fingers with
an error. The finger 19 is gradually carved, and at the same time (4) is bent, and at the final stage
of fixing (fixing) not shown in FIG. Touch the surface. How to touch the top 11 is not important in
the important [t11 title, im * is a finger 19 is bent toward the board, and the meat board (, 2, j) t-
sufficiently grasped It is a flexible t-4 long enough to provide a possible contact. Since the
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reaction force (of the tensile force) is exerted on the gold J1 head 1 of the pulling tool, the single
drawing plate (1, ]} is pulled even if it is engaged.

When the pin herd // reaches a position close to the plate 3 as shown in FIG. 1, the metal in the
tube-shaped portion of the sleeve close to this, that is, the metal close to the base of the finger /
9 is pressed against the plate 3. So, Pi / 4 and sleeve! The relative movement between and is
tightened. After 1,000, the dust of the tension tool rises up the head, and the metal of the head |
is caused to flow into the fixed groove / 41, and the two parts of the tightening tool! And 4 are
determined. Next, the metal cannot be further advanced, the pulling force on the pin is increased,
the pin is cut at the cutting neck / JO point, and the fastening is finally performed as shown in
FIG. In this state, in 1 to (7) -7, the pin tail pull # 112 group is clamped away from the tool. As
shown in FIG. 2, the number of immlml grooves is increased and nine pins, that is, a hook
provided with thirteen fixing grooves, the -m of the pin jumps out from the end of hept 1. In
addition to the grips up to the thickness of the two plates (H + thickness), there is still a light
fixing groove for fixing the sleeve and the pin and the metal phase. As shown in FIG. 2, there are
still two extra locking grooves inside the heptit (between /// and the base of I). It can also be
used for gripping thicknesses that are slightly thinner than the total thickness of the plates 3 and
3. -Face 10 @ obscene deblurring 11! { 1iFi for the invention! A partial Gion cross-sectional view
showing the state 1 It- before being fastened or fixed to the plate. FIG. 1 is the same as FIG. 7, but
the tightening is a diagram showing a state in which the tool is completely fixed and the tail of
the pin is cut. Td %, 1 Tighten the whole, co, J ... Both tightened <1)%. 0: 9. -One board! , G.
Tighten the tool sleeve and pin. 7 ... Axial direction hole of sleeve, 1... sleeve of sleeve, t ... tubular
portion of sleeve, 10 ... sleeve O flange / 1 ... head of pin, 1+ * Tension groove /3 « + -+ Cut
neck,1 + + - Fixing groove + /3 + - + Longitudinal direction 2-74 flat + ™ ° ° ° Cut end
+ """, = . p-shaped part is made by biting, t finger, W... pulling groove f / * am part, that is,
grasping part. Applicant agent # Saisei (? )> 1-Sorry v, 1 2, drama 1 \\ v (1 set ("\ 2-\ Nh: 1.1 § -
> 1, -, -1" d> "\\\ watch,> \>, \ to%)> ¢"-[] -one leg, -1f%& -to 1k-! 1] 1 guard attached, ° F class
PA D) ()) 1 specification (2) Fig. 11 ‘communication (3) fIE form, machine concealment-and O-1
Otsugi {4) Applicant * Inventions other than the 1111th century, the utility model registration
applicant or agent representative (mail pot 41100), Tokyo sr Shirota-ku, Maru 0-Yen, 3rd J 2-3-3-
1] Yukichi Sato - Dosho 1 - 68 Dotomi-Sakai-1 1
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This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

CLAIMS JPS51101469

[Claims for utility model registration] A blind fastening for phase-locking a plurality of stacked
members substantially having a coaxial center gL is a part of which 9 is one of the stacked
members. A tube 5 placed in the hole so that it is on the side, a head 11 having a diameter
substantially equal to the outer diameter of the portion of the tube, and a radius towards the
head up near the head A pin 6 having at one end a ring-shaped surface 16 inclined outward in
the direction, the pin further passing through the tube-shaped body, and the ring-shaped surface
of the tube-shaped body on the one side of the stacked member A diameter part for being placed
substantially concentrically with and in contact with the end, and a member on the opposite side
of the member on the diameter part, the head of the pin being overlaid Shaped by a number of
annular pull grooves 12 for pulling the pin so that it is moved toward The grasping portion 20 is
about 45% of the total length of the pin, and the pin further extends the portion 9 of the tubular
body in the longitudinal direction along the predetermined line. In order to cut, and thus the ring-
shaped surface gradually contacts the cut parts and bends these parts laterally rearwardly, they
were made on the inclined surface 16 at equal intervals in the peripheral direction. A plurality of
cutting ends 17, and the pin further includes at least thirteen ring-shaped fixing grooves 14
formed between the bin head 11 and the grasping portion 20, and the tubular body is formed on
the pin head. Opposite and annular shoulder means 10 for grasping the overlapped member
between the carved portion 19 and the plurality of fixing grooves 14 placed on the outside of the
shoulder means. The pin is fixed to a part and fixed to the tube shape With blind fastening having
a portion 8 of the i Ttame In concrete.
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Application Number
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Application Date
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Rublication Rumber
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Grant Number
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Srant Date
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Publication Kind
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: BLIND FASTENER AND METHOD OF INSTALLATION THEREOF
First Named Inventor/Applicant Name: Robert B. Wilcox

Filer: Robert John Sovesky/Amanda Kernan

Attorney Docket Number: 118508/US01/PCTNS/180639P

Filed as Large Entity

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

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
NATIONAL STAGE FEE 1631 1 320 320
NATL STAGE SEARCH FEE - REPORT PROVIDED 1642 1 540 540
NATIONAL STAGE EXAM - ALL OTHER CASES 1633 1 800 800
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code | Quantity Amount Sullaj-;l';(t:)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1660
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Electronic Acknowledgement Receipt

EFS ID: 43282115
Application Number: 17423980
International Application Number: PCT/US2019/016973
Confirmation Number: 4184

Title of Invention:

BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

First Named Inventor/Applicant Name:

Robert B. Wilcox

Customer Number:

29270

Filer:

Robert John Sovesky/Amanda Kernan

Filer Authorized By:

Robert John Sovesky

Attorney Docket Number: 118508/US01/PCTNS/180639P
Receipt Date: 19-JUL-2021
Filing Date:
Time Stamp: 13:05:08

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1660

RAM confirmation Number

E202171D05340803

Deposit Account

021818

Authorized User

Amanda Kernan

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.17 (Patent application and reexamination processing fees)

37 CFR 1.19 (Document supply fees)
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37 CFR 1.21 (Miscellaneous fees and charges)
37 CFR 1.492 (National application filing, search, and examination fees)
File Listing:
Document . . File Size(Bytes)/ Multi Pages
Document Description File Name ( y ) . . 9
Number Message Digest | Part/.zip| (if appl.)
205670
1 Transmittal of New Application 371-Transmittal.pdf no 3
b360e825125e00f717d69e782cbadfdab89)
bc29f
Warnings:
Information:
1256107
2 Application Data Sheet ADS.pdf no 9
b6df6fad9cc9e5920faeb7cbe75 Tacdb2ad?)
6f0e
Warnings:
Information:
8710844
3 Documen:\s Su|'bmtl'tth with 371 ISR-and-WO.pdf no 10
pp Ications 64bf8d0949a82ad004fe64b27e52180b8f8ae]
7afd
Warnings:
Information:
1241427
4 Power of Attorney POA.pdf no 2
afff180cb729a48cecBed84f2ee2e30893744)
off
Warnings:
Information:
101363
5 QOath or Declaration filed Copy-of-PCT-Declaration.pdf no 1
99c44605¢37798156b1f64aB825d80534bfe|
262e1
Warnings:
Information:
1034562
Information Disclosure Statement (IDS)
6 IDS.pdf no 4
Form (SBOS) ed67e8c262d01b46321a621bcbf141af809)
14fca
Warnings:
Information:
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A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for

autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems.

Foreign Reference

JPH0360608U.pdf

497442

9b360e50aaf8c77d6dfecf3ceda21574fc1a3]
72a

no

Warnings:

Information:

Foreign Reference

JPS6135214U.pdf

389508

2121748fc9c2c3bf2502014b3dadc6d 9065
09874

no

Warnings:

Information:

Foreign Reference

KR-10-2005-0037765-with-
machine-translation.pdf

798027

03fe22d52570769392e816307eab7284e4f]
266e

no

Warnings:

Information:

10

Other Reference-Patent/App/Search

documents

NPL-ISR-and-WO.pdf

8710844

64bf8d0949a82ad004fe640b27e5218b8f8a¢]
7afd

no

Warnings:

Information:

1

Foreign Reference

JPS51101469U-.pdf

6689679

4f6a29d57b90f1281c56dcc3c3ce023cod86|

no

Warnings:

Information:

12

Foreign Reference

JP2014029210A-.pdf

8604182

b09e7176abfea8ceaa0d1073f12b5bdff2238)

no

Warnings:

Information:

13

Fee Worksheet (SB06)

fee-info.pdf

35643

fe43ee1bf12f3f2c4cd42f1e43f7f5b05ab02g]

no
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Warnings:

Information:

Total Files Size (in bytes){ 38275298

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 asa
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.
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PTO-1390 (10-20)
1/2022. OMB 0651-0021

Approvad for usa through 1

[ERS EFARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1885, no persons are required to respond 1o g coil ¥ g valid OMB control number.
Attorney Docket No.
TRANSMITTAL LETTER TO THE UNITED STATES |1 inamusnt /PTG 80630PCTUS
EESEGNATEDJELE{:TED @FFECE (DQIEGIUS} U.S. Application No. {(if known, see 37 CFR 1.5)

CONCERNING A SUBMISSION UNDER 35 U.8.C. 371
international Application No. international Filing Date Priority Date Claimed
FCTIS2018/016973 February 7, 2019 February 7, 2019

Title of Invention
BLIND FASTENER AND METHOD OF INSTALLATION THEREQF

First Named Inventor

Robert B. WILCOX

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

1. :ﬂ This Is an express request {o begin national exarnination procedures (35 U.S.C. 371(H). NOTE: The express request under
35 U.8.C. 371D will not be effective uniess the requirements under 35 U.8.C. 371(C){1}, (2), and {4} for payment of the basic
national fee, copy of the International Application and English transiation thereof (if required), and the vath or declaration of the
inventor(s) have been received.

2. "'? A copy of the international Application (35 U.8.C. 371{(c}{2)) is attached hereto (not required if the Intemational Agplication was
= previously communicated by the International Bureau or was filed in the United States Receiving Office (RO/AUS).

3. An English language transiation of the Intemational Application {35 U.8.0. 271{cH2))
a. E is attached hereto.
b E tias been previously submilled under 35 U.S.C. 154(d)(4).
4, An gath or declaration of the inventor(s) (35 U.S.C. 371{c){4))
a. E is attached.
b [g: was previously filed in the international phase under PCT Rule 4.170v).
ems § to 8 below concern amendments made in the intemational phase,
ECT Adicle 1% and 34 amendments

5.

Amendmeants to the claims under PCT Adicle 19 are altached (not reqguired if communicated by the international Bureau)
{35 ULS.CL3THOK3Y.

8. :} English transiation of the PCT Asticie 19 amendmentis attached Q5 U.S.C. 371(Cy(3)).

7. j English franstation of annexes (Article 19 and/or 34 amendiments only) of the [ntemational Preliminary Examinalion Repoit is
attached {35 U.S.C. 371{c){5)).

Cancellation of amendments made in the inlemational phase

Ba. "T Do not enter the amendment made in the international phase under PCT Article 19.
Sb. j Do not enter the amendment made in the intemational phase under PCT Article 34,

NOTE: A proper amendment made in English under Article 19 or 34 will be entered in the U8 national phase application absent a clear
instruction from applicant not o enter the amendment(s).

The foliowing items 3 to 17 concern a document{s} or information inciuded.

9. E An Information Disclosure Statement under 37 OFR 1.87 and 1.98.

10. f_j A prefiminary amendment.

11. E An Application Daia Sheet under 37 CFR 1.76.

12 ‘-} A substitute specification. NOTE: A substitute specification cannot include claims. See 37 CFR 1.125(0).

o

13, {8 A power of attorney and/or change of address letter.

14. _j A computer-readable form of the sequence listing in accordance with PCT Rule 13fer 3 and 37 CFR 1.821-1.825 (not required if
seqguence listing in text format was indicated on the PCT Reguest as pait of the international Application and the sequence listing
was published as pait of the international application).

15. 1 Assignment papers (cover sheef and document(s)). Name of Assignee:

16. :.? 37 CFR 3.73(c) Statement {when there is an Assigries}).

fit by the public, which is to fils
! ection is estimated to take 15
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTQ. Time will vary depending upon the individual
case. Any comments on the amount of time you require 1o compleie this form and/or suggestions for reducing this burden should be sent to the Chief Information
Officer, US 1t and Trademark Cfiice, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22813-1450. DO NCT SEND FEES OR COMPLETED
FORMS TQ T ADDRESS. SEND TG: Mail Stop PCT, Commissioner for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450.
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FTO-1360 (10-20)
Approvad for use through 10/81/2022. OMB 0851-0021
U8 Patent and Trademark Office; U.8. DEFARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1885, n6 persons are required to respond o a coilect { information unless it displays a valid OMB control number.

U.S. APPLN. No. {if known —sge 37 CFR 1.5) INTERNATIONAL APPLICATION Ne. ATTORNEY DOCKET No.

RPCTAIS2018/016973 118508/USO1/PCTNS/180638PCTUS

17. [m| Otherilems or information:

international Search Report and Written Opinion of the international Search Authorily for International
Application No. PCT/US2019/016973 mailed November 7, 2018,

The foliowing fees have been submitted, CALCULATIONS
18. | ®| Basic national fee (37 CFR 14820} . oot ot D320 § 8 $320
19. FE Examination fee (37 CFR 1.492(c) .
T if the written opinien prepared by ISA/US or the international preliminary examination repost $ 800
prepared by IPEA/US indicates sl claims satisfy provisions of PCT Article 33(1)-(4)... .......... %0
s AR OHer SEUSHONS ... ... e e e 3800
20. [l Search fee (37 CFR 1.402(b)
® if the written opinicn prepared by 1ISA/US or the international preliminary examination report $ 540
prepared by IPEA/US indicates all claims satisty provisions of PCT Adticle 33(1)-(%)............. $0
s Search fee (37 CFR 1.445(8)(2)) has been paid on the infernational application o the USFTO as
an International Searching Authority ... ... . $440
® international Search Report prepared by an ESA ctret than ma US and DFOVK}&A {o the Office or
previously communicated tothe US by the 1B . . ... $540
® AR Other SHUBTIONS ..o i e e e e e e e, ST00

TOTAL OF 18, 19, and 20 = | 51 880

E Additional fee for specification and drawings filed in paper over 100 sheets {excluding seguence listing R
in compliance with 37 CFR 1.821(c} or {g) in an elecironic medium or computer program listing in an $
electronic medium) (37 CFR 1.492¢)).

Fee for sach additional 50 sheets of paper or fraction thereof ... ... ... ... $430
Tota Sheets | B stosts | "0 TR SR O b RATE
-100 = /50 = x$420
Surcharge for furnishing any of the szaesrﬁh fee, exami]naiion fee, or the oath or declaration after the date of 5
commencement of the national stage (37 CFR 148200 ... ... i e $180
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total claims 20 -20= 0 x $160 $ 0
independent claims |2 -3= 0 x $480 30
MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $850 5
Fee for submission of Seguence Listing texd file of 300 MB {o 880 MB (37 CFR 1.21(e)(1) .............. ... $1,060 § 3
Fee for submission of Sequence Listing text file of mors than 800 MB Q7 CFR1.21(0){&)..................$10,500 § 5

Processing fee for furnishing the English transiation iater than 30 months from the earliest claimed priority dale .
Y 3 o i B 1 () ) T S SO SRR UUPPORUPRUON 5140 + °

TOTAL OF ABOVE CALCULATIONS = § § 1 660

D Applicant asserts small entity 51atus. 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 FTQ/SR/M8A or B or equivatent.

TOTAL NATIONAL FEE = § 81 660

Fee for recording the enclosed assignment (37’ CFR 1. 21(h)) The asa:gnmenﬁ must be accormpanied by an
appropriate cover sheet (37 CFR 3.28 3.21) .. JT . .. $50.00 per property  +

&

TOTAL FEES ENCLOSED = § §1 680

{Page 2 of 3}
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PTO-13080 (10-20)

Approved for use through 10/31/2022. OMB 0851-0021

LS Patent and Trademark Office; U.8. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1888, no persons are required o respond 1o a collection of information unless it displays a valid OMB control number.

a. :] A check in the amount of § to cover the above fees is enclosed.

b B Please charge my Deposit Account No. 0z in the amount of $ 1080 fo cover the above fees.

The Director is hereby authorized fo charge additional fees which may be required, or credit any overpayment, to Deposit Account
No. 021818 as follows:

o

i r anty required fee,

ii. [jg any required fee except for excess claims fees required under 37 CFR 1.482(d) and (2) and multiple dependent claim fee
- required under 37 CFR 1.432(0).

d. '—] Fees are to be charged {0 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 PTO-2038 should only be maiied or

faxed to the USPTO. However, when paving the basic national fee, the PTO-2038 may NOT be faxed to the USPTG.
ADVISORY: iffiling by EFS-Web, do NOT aitach the PTC-2038 form as a POF along with your EFS-Web submission. Please be
advised that this is not recommended and by deing so your credit card information may he displayed via PAIR. To protect your
inforrnation, # is recommended to pay fees onlfine by using the electionic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.49%8 has not been met, a petition to revive {37 CFR 1.137(a} or {b}} must be
filed and granted to restore the International Apglication to pending status,

Statement under 37 CFR 1.85 or 1.78 for AlA {First Inventor to File} Transition Applications
E This application (1) claims prioity to or the benefit of an application filed before March 18, 2013, and {2) also conlains, or contained at
*any time, a claim {o a claimed invention that has an effective filing date on or afier March 18, 2013,
NOTE 1: By providing this staternent under 37 CFR 1.55 or 1.78, this application, with 3 filing date on or after March 18, 20413, will be
examined under the first inventor o file provisions of the AlA.

NOTE 2: A U.S. national stage appilication may not claim priority {o the international application of which # is the national phase. The filing
date of a U.8. national stage application is the inlernational filing dale. See 35 U.8.C. 383,

Correspondence Address

29270

Eﬂ: The address associated with Customer Number:

OR __i Comespondence address below
Name
Address
City Siate Zip Code
Country Telephone
Email

soawre | /Robert J. Sovesky/ oae | July 19, 2021

mmmes | Robert J. Sovesky mayingens | 73,798

{Page 3 of 3}
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | 118508/US01/PCTNS/180639P

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

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

Inventer (1
Legal Name

Prefix| Given Name Middle Name

‘ El Foben P

Residence Information (Select One) e US Residency
City | State/Province | [TX

Family Name Suffix

INiIcox ‘ El

Non US Residency Active US Military Service

McGregor Country of Residencd | |US

Mailing Address of Inventor:
Address 1
Address 2

City | IVIcGregor
Postal Code

354 Elm Grove Circle

[ [

I State/Province
| \us

| ’76657 | Countryi

Inventor 2
Legal Name

Middle Name

‘ Thomas

Prefix| Given Name

‘ El lames

Residence Information (Select One) (@ US Residency
City | Crawford

Family Name Suffix

Smith ‘ ]

Non US Residency Active US Military Service

State/Province | [TX Country of Residencd | US

Mailing Address of Inventor:

Address 1

Address 2

City | Frawford
Postal Code

b019 Bosque Ridge Road

| State/Province
| ‘us

[ rx

| ’76638 | Countryi

Inventer 3
Legal Name

Prefix| Given Name

Middle Name

Family Name

Suffix

| [y

Pon

Fierce

| [

Residence Information (Select One) (®) US Residency

Non US Residency

Active US Military Service

EFS Web 2213

Petitioner's Ex. 1003-365



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 118508/US01/PCTNS/180639P

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

City | Hewitt State/Province | [TX Country of Residencé | US

Mailing Address of Inventor:

Address 1 301 Wentwood Circle

Address 2

City | '—Iewitt | State/Province | rl'x

Postal Code | ’76643 | Countryi | ‘US

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

generated within this form by selecting the Add button.

Correspondence Information:

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

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

Customer Number PI270

Email Address | Add Email ] |[Remove Email

Application Information:

Title of the Invention BLIND FASTENER AND METHOD OF INSTALLATION THEREQF

Attorney Docket Number| [118508/US01/PCTNS/180639P Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter | Itility -
Total Number of Drawing Sheets (if any) 4 Suggested Figure for Publication (if any)

Filing By Reference:

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

For the purposes of a filing date under 37 CFR 1.53(b), the descripticn and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). ]
| -
Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country
filed application

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

Req uest 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.
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

L Attorney Docket Number | 118508/US01/PCTNS/180639P
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

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 ‘ (O Limited Recognition (37 CFR 11.9)
Customer Number PO270

Domestic Benefit/National Stage Information:

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

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

Prior Application Status | Pending v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
B 371 of international -~ PCT/US2019/016973 R019-02-07
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

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

Remove

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

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

118508/US01/PCTNS/180639P

Application Number

Title of Invention | BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

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

Applications

[] 16, 2013.

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

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
18, 2013, will be examined under the first inventor to file provisions of the AlA.
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 118508/US01/PCTNS/180639P

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed 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 (EPQO) 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 helow, 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. Authoerization 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 (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), 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 biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

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 authocrize 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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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 118508/US01/PCTNS/180639P

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

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 }

If the applicant is the inventor (or the remaining jeint 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:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name | L,wMET AEROSPACE INC.

Mailing Address Information For Applicant:

Address 1 P01 Isabella Street

Address 2

City Pittsburgh State/Province PA
Country ‘ s Postal Code 15212-5858
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 assignment recorded by the Office.
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 118508/US01/PCTNS/180639P

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

Assignee (1

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

If the Assignee or Non-Applicant Assignee is an Organization check here. []
Prefix Given Name Middle Name Family Name Suffix

] | i

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number | Fax Number

Email Address

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

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 [/Robert J. Sovesky/ Date (YYYY-MM-DD)| [2021-07-19
First Name Foberl Last Name | Fovesky Registration Number 3798
Additional Signature may be generated within this form by selecting the Add button.
EFS Web 2213
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

L Attorney Docket Number | 118508/US01/PCTNS/180639P
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BLIND FASTENER AND METHOD OF INSTALLATION THEREOF

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.5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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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 (5U.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 records.

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

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

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

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

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.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.5.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 systemn 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 35U.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.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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PCT/US2819/8616973
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's o1 agent’s file reference N T A
PPpHLGE e A Fetne FOR FURTHER see Form PCT/ISA/220
1R0639PCT ACTION as well as, where applicable, itera 5 below.
Tntemational appheation No. International filing date (day/month/vear) (Barliest) Priority Date (day/monily/vear)

PUT/US2019/016973 97 February 2019 (§7.02.2019)

Applicant

ARCONIC INC.

This [uternational seaxch report has been prepared by this International Searching Aunthority and is rausmitied o the applicant according
to Article 18, A copy is being transmitted to the International Bureau.

This internatiounal scarch report consists of a wial of 3 sheeis.
[j It is also acconpanied by a copy of each pricr art document cited n this report.

1. Basis of the report
a. With regard 1o the lasguage, the Irdemational scarch was caried out on the basis of
W e iernzlional apnlication in ihe laneuase in which it was Sled
X ihe wterpational application in the language {n which i was [iled
E] a translation of the infermational application inio
transiation furnished for the purposes of temational search (Rules 12.3(2) and 23.1k)

. which is the language of 2

b. This wternatiounal search report has been established taking into account the rectification of an obvious mistake
anthiorized by or notified o this Authority nuder Rade 91 (Rule 43 6bis(ay)
C. [j With regard to any nuclestide and/or amine acid sequence disclosed in the international application, see Box No. L

2. ﬂ Ceviain claims were found nnsearchable (See Box No. 1)
3. Ej Unity of invention is Iacking (Sce Box No. i)

4. With regard to the title,
E:( the text is approved as subanitted by the applicant.

5. Withregard to the abstract,
gﬂ the text is approved as submitied by the applicant,
D the text has been established, according to Rule 38.2, by this Authority as it appears in Box Mo, {V. The applicant

may, within one month from the date of matling of this international search report, submit comments to tus Authority.

6. With regard to the drawings,
a. ihe figure of 1he drawings (o be published with the dbstiact is Figure No.
as suggested by the applicant.
E:ji as selected by this Authority, because the applicant failed to suggest a figure,
Ej as selected by this Anthority, because this figure better characterizes the invention.

B, D rone of the figures is 10 be published with the abstract.

Form PCTASA/210 (fixst sheety (July 2019)
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INTERMNATIONAL SEARCH REPORY

International application No.

POT/US2015/4016973

A CLASSIFICATION OF SUBJECT MATTER
FieB 7/34(2806.81 1

According to Tnternational Patent Classification (FPC) or © both mationai

clagstfication and 1PC

B. FIELDS SEARCHED

FioB 7/14, FI6B 19/10; Ti0B 37/00, FI6R 37/04; TI68 5/04

Mininwm documentation searched {(classification system lollowed by classification sy mbols)

Korean utility racdels and applications for utility models
Japaunese utility models and applications for utility models

Docunmentation searched othey than minimum docnmentation to the extent that such documents are mcinded in the fields searched

eKOMPASSIKIPO internal) & Kevwords:

Flectromc data base consulied during the intemational search (narue of data base and, where practicable, scarch terms used)
rivet, sleeve, mandeel, pull, envil

C. DOCUMENTS COXSIBDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the refevant passages Relevant to claim No.
¥ JP 51-101469 U (HUCK ?/L%\LML]['R’[}\G COMPANY) 14 August 1976 1-20
See claim 1 and figures |
¥ 14 June 1991 1-20
A 110, ) 04 March 1986 1-20
A 2014-029210 A (NEWFR 1-20
See paragraphs [0031]-
A Kit 10-2005-0037765 125 Aprii Z005 =20
See paragraphs {G(

D Further documents are Histed in the continuation of Box .

See patent family annex.

10 be of particular relevance

"B" docurment cited by the applicant in the international application

“HY  earlicr application or patent but published on or afier the international
(iing date

"LY document which may throw doubts on pricrity claimis) or which is
cited to establish the publication date of another citation or cther
special reason (as specified)

0" document teferring 1o an oral discl hibition or other means

e  lnternational All g date but later

document published priot to th

than the pricsity date claimed

* 8pecial categories of cited documents: "I fater document published after fhe international filing date or priotity
"A" document defining the general state of the art which is not considered date and not in conflct with the application buf cited to imderstand

avergion

the principle or theory underlying th

"X document of padticuiar e faimed tovention e
considered novel or cannot be considerad o tnvolve an inventivi
siep when the document s taken alone

' rrient o* particuiar relevance; the claimed invention cannot he

o involve an mventive step when the document is
combined with one or more other sych documents, such combination
being obvious 1o a person skilled in the att

"&"  docwment member of the same patent family

Date of the actual complerion of the international search

(6 November 2019 (06.11.2019)

Diate of mailing of the international search report

87 November 2019 (07.11.2019)

MName aud mailing address of the ISA/KR
Tnternational Application Divis
Korean lntelicctual Property OF
1%5 Cheongsa-1o,

oo

Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimse No, 1824248 1-8578

Authorized officer

HWANG, Chan Yoon

Telephone No.  +82-42-481-3347

Form PCT/15A/210 (second shieet) (July 2019,

Petitioner's Ex. 1003-375



INTERNATIONAL SEARCH REPORY International application No.
Infonmalion on palent fawily wembers POT/US2019/016973

Patent docuaent Pablication Patent family Publication
cited in search report datc membor(s) daic
JP bi-101469 U 14/08/1976 Nane

pet

JP 03-060608 € 14/06/1991 None

JP 61-035214 U 04/03/ 1

JP 01-021216 Y2

]

JP 2014-029210 A 13/02/2014 €N 101981330 #

CN 101981330 B

EP 2240700 Al
40700 Bl 2 2014
GB 2457105 A 05/08/2009
LB 2457105 B 21/09/2011
JP 2011-511224 A 07/04/2011
17/66/2015

o

G0 roy

io 19 A 26/10/201¢
5 2010-0020811 Al 30/12/2010

» 20 57h16 Al 31/16/2013
US 8491243 B2 23/07/2013
S 8851813 B2 07/10/2014
WG 2008-098131 Al 1370872009

KR 10-2005-0027755 A 25/04/ 2005 Nore

Form PCTASA/210 (patent family annexy (July 2019)
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POT/AIS2819/816973
PATENT COOPERATION TREATY

From the
INTERNATEONAL SEARCHING AUTHORITY

To: ~
SOVESKY, Robert, J. P V§

K&L Gates LLP 210 Sixth Avenue K&l Gates Cernter
Pitisburgh, PA 15222-2613 LSA

WRITTEN OPINION OF THE
INTERNATIONAL SEARCTHNG AUTHORITY

(PCT Rule 43bis.1)

Date of mailing !
idavimontivyeary 87 November 2619 (§7.11.2019)

Apphicaxt's or agent's file reference FOR FURTHER ACTION
130639PCT See paragraph 2 below
Iternational application No. International filing date /day/monti/vear) Prionty datefdayvinonth/year)

POT/US2019/016973 07 February 2619 (87.02.2619)

Jaternational Patent Cla

FI6R 7/142600.000
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1. This opinion contains indications relating to the following items:

BoxNo. { Basis of the opinion

BoxNeo. {1 Priovity

BoxNo. Il Non-estabhishment of opinion with regard {o novelty, inventive step and industrial applicability

BoxNo. IV Lack of umty of invcmiion

BoxWo. V. Reasoned siatement under Rule 43bis. 1{a)() with regard to novelty, inventive step and industrial applicability;
citations and ¢xplanations supporting such statement

Box No. VI Certamn documents cited

Box No. VI Cerain defecis in the international application

LT A LIRS

Box No, VIH  Certain observations or the international application

2. FURTHER ACTION
I 3 dewand for intexnational preliminary examination is made, this opinion will be considered 10 be a writien opinion of the
Intemational Preliminary Examining Authonity ("IPEA") except that this does not apply where the appiicant chonses an Authority
other than this one 10 be the TPEA and the chosen IPEA has notified the International Burean nuder Rude 66, 1vig(h) that written
opitions of this International Searching Authority will not be so considered.

if this opinlon is, as provided above, cousidered to be 3 wiitien opiuion of the IPEA, the applicant is invited 1o submif {o the
TPIEA a written 1eply together, where appropniate, with amenduents, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 wmonths from the prionty date, whichever expires latex.

Tor {urther optious, see Form PCTASA220.

Name and mailing address of the ISA/KR Diate of completion of this opinion § Authorized officer
Internaficnal Apphication Division
o sHectu: sesty Offic TRANC ;
Kom}n Lntell wum{Pwpmjz u;ﬁce BWANG, Chas Yoou
§ 189 Cheongsa-1o, Seo-gu, Dagjeon, 06 Movember 2019 (06.11.2019)
X 35208, Republic of Korea - R "
Facsimilc Ne. +82-42-481-8578 Telephone No. +82-42-481-3347

Form PCT/ASA/237 (cover sheet) (Janmary 2015,
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WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/USZ819/816973

Box Ne. T Basis of this opiuion

1. With regard to the langumage, this opinion has been established on the basis of
the international application in the langnage in which it was filed

m a transiation of the international application into which is the language of 4
{ransiation {umished for the purposes of iniernationad search (Rules 12.3¢a) and 23.1(b))

2.4 This opiniox has been established taking into account the rectification of an obvicns misinke anthorized by or notifled
to this Authwnty ander Rule 91 Rulde 43475.1(a)
3 E_] With regard to any nucleotide and/or aming actd sequence disclosed in the inicrnational application, this opinion has
been established on the basis of a sequence listing:
a [ ] forming part of the miernational application as filed:
m inthe form of an Annex C/ST.25 text file.

ou paper of i1 the form of an image file.

b, E:E furnished together with the international application under PCT Rule 137er. 1(a) for the purposes of tnternatisnal
sgarch only n the form of an Aunex C/8T.25 text file.

c. ﬁ fumnished subseqguent {o the international Tiling dat > purposes of ineraational search only:

E in the form of an Annex /51,25 text file (Rule 13fer 1(ay).

[] ot paper or in the form of an image file (Rule 13rer.1(b) and Administrative Instimctions, Section 713},

4. | Inaddition, in the case that moss than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies 1s identical to that formmng part of the application as
filed ot does not go beyond the application ag filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ASA/237 (Hox No. D January 2015
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Rox Neo. V Reasoned statement under Rule 43bis.3(a3() with regard to novelty, inventive step or industrial appticability;
citations and explanations supposting such statement

1. Statement

Novelty (N} Claiwg 1-20 YES
Clains NONE NG

Iaventive step {IS) Claims NONE YES
Clams 1% NG

[ndustrial applicability 1&)  Claims 1-20 YES
Claims NONC NO

2. Citations and explanations :

Reference is made to the following documents:

Dl JP 51-101469 U (HUCK MANUFACTURING COMPANY) 14 August 1976
52 P 03-060608 U (TOKIN CORP) 14 June 1991

I. Novelty and Inventive Step (PCT Asticle 33{2} and (3))

. Claims 1-15

1.1 Claim 1

D1, which is considored to be the closcst prior ad to the subject matter of claim 1
discloses a blind fasteoer comprising: a sleeve (3) comprising a first sleeve end (9), a second
sleeve end (), a cavity (7} extending from the frst sleeve end to the second sleeve end; and
a mandrel (6} configured to be al least parhally received by the cavity of the sleeve, the
mandrel compnsing a first mandrel end disposed adjacent to the first sleeve end (9) and
comprising an enlarged portion {11} having a diameter greater than a diameter of the cavity
{7}, a sccond maundrel end comprising a pull region (20}, and a shank region extending
mtermediate the first mandrel end and the second mandrel end, wherein the pull region (20)
comprises an axial length greater than 4 times a diameter of the shank region (see claim 1 and
figures 1-2).

Claim 1 differs from D1 in that 2 pull region comprses au axial length no greater than 4
times a diameter of a shank region and iz configured to be engaged by an installation fool
However, D2 discloses that a pull region comprses an axial length no greater than 4 times a
diameter of a shank (10) and is configured to be engaged by an installation tool (9} (see claim

I and figures 1-5})

Continued on Supplemental Box

Form PCT/ISA/237 (Box No. V) (January 2615
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Box No. VII Certain defocts in the inicraational application

The following defocts in ihe form or contents of the intcrnational application have been noted:

Clatms 4-12, 14-15 and 19-20 do not comply with PCT Rale 6.4(a) becanse nnudtiple dependent claims should not serve as 2 basis
for any other mmltiple dependent claim.

{Note: The writien opinion has been established on the ascumption that claimes 4-12, 14-15 ave dependent ox claim 1; and that claims
19-20 are dependent on claim 16.)
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of . Box No. V
Accordingly, claim 1 would have been obvious over D1 in view of D2, Therefore, clatm 1

does not involve an nventive siep.

1.2, Claims 2-15

The additional features of claims 2-3 would be easily conceived from the disclosure of D2
conmdering that a pull region has a length and that a length of the poll region 15 easily

modified or optimized by the person skilled in the art (sec claim 1 and figures [-S).

The addmional foatwre of clatm 4 would be casily conceived from the disclosure of Dl
coensidenng that a pall region (20} comprises a taper extending from a shank region {see olaim
1 and figures §-2}.

The addibonal featwre of claim 5 would be easily conceived from the disclosure of B2
considering that a mandrel (1) does not coroprise¢ a breakneck groove (see claim 1 and figures
1-5),

The additional features of claims 6-7 are mercly matters of design option when the general

technical koowledge about the state of the art s used.

The additiopal features of claims 8-9 would be casily conceived from the disclosure of DI
conmdering that a mandrel (6) comprises thrcaded region and a groove {scc clatim 1 and

igures 1-2).

The additional feature of claim 10 would be casdy conceived from the disclosure of DI
considering that a sleeve (5} is generally cylindrical and a mandrel (6) is generally eylindrical

(see claim 1 and figures -2} .

The additbonal feature of clavn 11 18 well known i this technical field.

The additional feature of claim 12 would be easily conceived from the disclosure of D
considering that a blind fastener is adapted to be installed in a bore in a structure (2,3}, the
bore baving a dlameter greater than the diameter of an enlarged portion (11} {see clavm 1 and

figures 1-2).

Continued on The MNext Page
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Supplemental Box
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Continuation of | Previons Page

The additional feature of claimn 13 would be casily conceived from the disclosure of D
considenng that a second sieeve end (8) compriscs a collar {10}, the sleeve ecud (8) is

configured to deform on a first side of the structure (se¢ clwm | and figures (-2}
The additional featurcs of clamms 14-15 are well known in this technical ficld.

Accordmgly, claims 2-15 would have been obvious over DI in view of D2 Therofore,

claims 2-15 do not involve an inventive siep.

2. Claims 16-20

1

2.1 Claim 16

D1, which is considered to be the closest prior art to the subject matier of claim 1o,
discloses a blind fastoner comprising: a sleove (53 comprising a first slecve cad (93, a sccond
sleeve end (8), a cavity {7} extending from the first sleeve end to the second sleeve end; and
a mandrel (6} configured to be at least partially received by the cavity of the sleeve, the
mandre] compusing a fist mandrel end disposed adjaccnt to the first sleeve end () and
comprising an enlarged portion {11} baving a diameter greater thas a diameter of the cavity
(73, a second mandrel end comprising a poll region (203, and a shank region extending
micrmediate the first mandrel end and the sceond mandrel ond, wherein the pull region {20}
comprises an axial length greater than 4 times a diameter of the shank region (see claim | and
figures 1-2).

Claam 16 differs from DI i that 1t further comprises: ¢ngaging a collet of the mstallation
tool with the pull region of the blind fastener; afier the inserting, forcibly contacting the
second sleeve end of the blind fastener with an anvil of the installation tool and moving the
pull region distal from the second sleeve end utilizing the collet of the installation tool, and
deforming the skeve on a fisst side of the sitructure, and swaging the second sleeve end onto
the shagk region on an oppositely disposed second side of the structure, thereby securing at
least a portion of the blind fastener in the structure. However, D discloses that a sleeve end
(8) is configured to deform on a first side of a structure {see claim 1 and figures 1-2) and D2
discloses that a pull region comprises an axial length po greater than 4 tunes a diameter of o

shank (10} and 1s configured to be engaged by an installation tool {9) and a collet (3) of the

Continued on The MNext Page
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of | Previons Page
installation tool {9} is engaged with a mandrel (1) of a blind fastener {sec claim 1 and figures
1-3).
Accordingly, claim 16 would have been cobvious over Dl in view of D2 Thercfore, claim

16 does not involve an mventive step.
2.2, Claims 17-20

The additional feature of clam 17 would be easily conceived from the disclosure of D2
consdering that a pull region has a length and that a length of the pull region is easily
modificd or optimized by the powson skilled w the art {sce clavn 1 aod figures 1-3}

The additional feature of claim 18 would be casily conceived from the disclosure of Dl
considening that a pull region {20} comprises a taper extending from a shank region {sce claim
b and figures 1-2}

The additional foature of claim 19 would be casily conccived from the disclosure of D2
cousidering that a mandeel (1) does not comprise a breakneck groove (see claim 1 and figures
-8}

The additional feabue of claim 20 s well known 1o this techuoical field.

Accordingly, clamms 17-20 would have been obvicus over D1 wm view of D2 Therefore,
claims 17-20 do not involve an inventive step.

. Industrial Applicability (PCT Article 33(4))

Claims 1-20 arc industrially applicable.
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