I*I Innovation, Sciences et Innovation, Science and CA 3155261 A1 2021/04/15
Développement économique Canada Economic Development Canada
21) 3 1 55 261

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

(12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

(13 A1

(86) Date de dépo6t PCT/PCT Filing Date: 2020/10/07 (51) ClLInt./Int.Cl. F16B 25/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2021/04/15 F168 39/30(2006.01)

< - - . (71) Demandeur/Applicant:
(85) Entrée phase nationale/National Entry: 2022/03/18 RESEARCH ENGINEERING & MANUFACTURING,
(86) N° demande PCT/PCT Application No.: US 2020/054474 INC., US
(87) N° publication PCT/PCT Publication No.: 2021/071873 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2019/10/10 (US16/598,288) HEBERT, EDMUND, US;

GOMES, KENNETH J., US;
BOYER, DENNIS O., US;

REYNOLDS, JOHN R., US;
BUDZISZEK, BOBBY L., US

(74) Agent: SMART & BIGGAR LLP

(54) Titre : ELEMENT DE FIXATION A FORMATION DE FILETAGE ET A BLOCAGE DE FILETAGE
(54) Title: THREAD FORMING AND THREAD LOCKING FASTENER

(57) Abrégé/Abstract:

A combined thread forming and thread locking fastener is disclosed. A fastener includes three thread zones. A first thread zone
utilizes a first thread forming thread profile with an increasing outer diameter. A second thread zone extends from the end of the
first zone utilizing the first thread forming thread profile and continues with a constant diameter. The third thread zone utilizes a
thread locking thread profile continuing along substantially the remainder of the shaft of a fastener.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




CA 03155261 2022-03-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2021/071873 Al

15 April 2021 (15.04.2021) WIPOIPCT

(51) International Patent Classification:
F16B 25/00 (2006.01) F16B 39/30 (2006.01)

(21) International Application Number:
PCT/US2020/054474

(22) International Filing Date:
07 October 2020 (07.10.2020)

(74)

REYNOLDS, John R., 53B Abner Potters Way, South
Dartmouth, Massachusetts 02748 (US). BUDZISZEK,
Bobby L., 214 Trout Drive, Middletown, Rhode Island
02842 (US).

Agent: DREGER, Duane H.; Cesari and McKenna, LLP,
One Liberty Square, Boston, Massachusetts 02109 (US).

- . . (81) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(30) Priority Data:
16/598,288 10 October 2019 (10.10.2019)  US

(71) Applicant: RESEARCH ENGINEERING & MANU-
FACTURING, INC. [US/US]; 55 Hammarlund Way, Tech
II, Middletown, Rhode Island 02842 (US).

(72) Inventors: HEBERT, Edmund; 7 Ned's Point Road,
Mattapoisett, Massachusetts 02739 (US). GOMES, Ken-
neth J.; 271 Rolling Hill Road, Portsmouth, Rhode Is-
land 02871 (US). BOYER, Dennis O.; Valencia Shores,
8764 Palm River Drive, Lake Worth, Florida 33467 (US).

84

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,

(54) Title: THREAD FORMING AND THREAD LOCKING FASTENER

I 105
180 1l
120 115 ’
FIG. 1B
FIG. 1A

wo 2021/071873 A1 |0 000 KA 0 0

(57) Abstract: A combined thread forming and thread locking fastener is disclosed. A fastener includes three thread zones. A first
thread zone utilizes a first thread forming thread profile with an increasing outer diameter. A second thread zone extends from the end
of the first zone utilizing the first thread forming thread profile and continues with a constant diameter. The third thread zone utilizes
a thread locking thread profile continiing along substantially the remainder of the shaft of a fastener.

[Continued on next page]



CA 03155261 2022-03-18

WO 20217071873 A [IN 1000000 00RO O 0O

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



CA 03155261 2022-03-18

WO 2021/071873 PCT/US2020/054474

10

15

20

25

THREAD FORMING AND THREAD LOCKING FASTENER

BACKGROUND

Technical Field
The present invention relates to threaded fasteners.
Background Information

Conventional threaded fasteners (e.g., screws or bolts) may be designed to
have a self-tapping thread forming action. One example of such a self-tapping
fastener is described in U.S. Patent No. 9,404,524, entitled High Performance Thread
Rolling Screw/Bolt For Use in An Unthreaded Nut Anchor, by Alan Pritchard, the
contents of which are hereby incorporated by reference.

Other conventional fasteners may include a thread locking mechanism that
may be achieved by, e.g., mechanical interference between the fastener and a nut
member. An exemplary thread locking fastener is described in U.S. Patent No.
7,722,304, entitled Fastener and Fastener Assembly, by Alan Pritchard, the contents
of which are hereby incorporated by reference.

A noted disadvantage of prior art fasteners is that they are optimized for either
thread forming or thread locking, but not both. This causes users to make decisions as
to which feature is more important for a particular application, which may result in

sub-optimal application of such fasteners.

SUMMARY

The disadvantages of the prior art overcome providing an exemplary fastener
that is optimized for both thread forming and thread locking. The fastener comprises
two separate thread profiles distributed into three zones along the shaft of the fastener.
A first zone, which utilizes a thread forming thread profile, is immediately adjacent to
the entry point of the fastener. Along the first zone the outer diameter of the thread
profile increases along the first, e.g., 2-5 pitches. The second zone transitions from the
first zone and utilizes the same thread forming thread profile as the first zone, but

maintains a constant outer thread diameter. The second zone extends for, e.g., 2-3
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pitches beyond the first zone. The third zone, which utilizes a thread locking thread
profile, also maintains a constant outer diameter.

In accordance with illustrative embodiments of the present invention, the first
and second thread profiles may be selected to complement each other to achieve a
desired level of mechanical interference, i.e., thread locking. Further, by utilizing the
present invention, the second thread profile (thread locking) may be optimized to
work with the threads created by the first thread profile (thread forming). This may

result in an optimized thread locking mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

The above, and further advantages of embodiments of the present the
invention may be understood in relation to the accompanying drawings in which like
reference numerals indicate identical or functionally identical elements, of which:

Fig. 1A is a side view of an exemplary fastener in accordance with an
illustrative embodiment of the present invention;

Fig. 1B is a view of the head of an exemplary fastener viewed along the long
axis in accordance with an illustrative embodiment of the present invention;

Fig. 1C is the view of an exemplary entry point of an exemplary fastener
viewed along the long axis in accordance with an illustrative embodiment of the
present invention;

Fig. 2 is an enlarged view of the entry point end of an exemplary fastener in
accordance with an illustrative embodiment of the present invention;

Fig. 3 is illustrative views of an exemplary blank for use in forming a fastener
in accordance with an illustrative embodiment of the present invention;

Fig. 4A is a cross-sectional view of an exemplary thread profile in accordance
with an illustrative embodiment, the present invention;

Fig. 4B is a cross-sectional view of an exemplary thread profile in accordance
with an illustrative embodiment of the present invention;

Fig. 4C is a cross-sectional view of an exemplary thread profile in accordance
with an illustrative embodiment of the present invention;

Fig. 5A is a cross-sectional view illustrating the interference between the
threads of a nut member and a fastener in accordance with an illustrative embodiment

of the present invention;
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Fig. 5B is a cross-sectional view illustrating the interference between the
threads of a nut member and a fastener in accordance with an illustrative embodiment
of the present invention;

Fig. 5C is a cross-sectional view illustrating interference between the threads
of a nut member and a fastener in accordance with an illustrative embodiment of the
present invention;

Fig. 6 is a cross-sectional view illustrating the insertion of an exemplary
fastener into a threaded nut member in accordance with an illustrative embodiment of
the present invention;

Fig. 7 is a cross-sectional view illustrating the insertion of a fastener into a
threaded nut member in accordance with an illustrative embodiment of the present
invention;

Fig. 8 is a cross-sectional view illustrating the insertion of a fastener into a
threaded nut member in accordance with an illustrative embodiment of the present
invention;

Fig. 9 is a cross-sectional view illustrating the insertion of a fastener into a
threaded nut member in accordance with an illustrative embodiment of the present
invention;

Fig. 10 is a cross-sectional view illustrating the insertion of fastener into an
unthreaded nut member in accordance with an illustrative embodiment of the present
invention;

Fig. 11 is a cross-sectional view illustrating the insertion of a fastener into an
unthreaded nut member in accordance with an illustrative embodiment of the present
invention;

Fig. 12 is a cross-sectional view illustrating the insertion of a fastener into an
unthreaded nut member in accordance with an illustrative embodiment of the present
invention; and

Fig. 13 is a cross-sectional view illustrating the insertion of a fastener into an
unthreaded nut member in accordance with an illustrative embodiment of the present

invention.
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DETAILED DESCRIPTION OF AN ILLUSTRATIVE
EMBODIMENT

Fig. 1A is a cross-sectional view of an exemplary thread forming and thread
locking fastener 100 in accordance with an illustrative embodiment of the present
invention. The fastener 100 includes an entry point 105 and a head 110 with a shaft
115 extending therebetween. [llustratively, entry point 105 is illustrated as having a
substantially flat end. However, it should be noted that in alternative embodiments of
the present invention, the fastener 100 may have an entry point 105 that is rounded,
pointed, etc. As such, the description of entry point 105 being substantially flat should
be taken as exemplary only. Head 110 is illustratively shown as having a hexagonal
shape for use with a driving apparatus for insertion. Head 110 extends for some length
120 in the same axis of the shaft 115 to enable a driver, e.g., a wrench, etc. to engage
the head 110 to exert torque on the fastener for insertion of the fastener into a nut
member (not shown). Head 110 includes a substantially flat bottom 125 that is
designed to rest flush with a nut member (not shown) when the fastener is fully
inserted. As will be appreciated by those skilled in the art, head 110 may have a
plurality of differing shapes based on the desired driving apparatus. Therefore, the
description of head 110 having a hexagonal shape should be taken as exemplary only.

The body or shaft 115 of the fastener 100 includes a plurality of zones of
threads including, for example, a first zone 130, a second zone 135, and a third zone
140. Nlustratively, the three zones are utilized to both perform a thread forming
function as well as a thread locking function once the fastener has been inserted into a
nut member. The first zone 130 is illustratively approximately 2-5 pitches long of an
exemplary first thread profile angling outward from the core with an increasing
diameter as the zone moves away from the entry point 105 of the fastener. That is, the
outer diameter of the first zone 130 is smallest at entry point 105 and enlarges as the
threads move towards head 110 along the shaft 115. The second zone 135
illustratively comprises an additional 1-3 pitches of the first (thread forming) thread
profile but with a substantially constant outer diameter. As is illustrated in Fig. 1A,
the first thread profile illustratively comprises a substantially 60° angled thread profile
cross section. In exemplary embodiments, the first thread profile may comprise that

described in the above-incorporated U.S. Patent No. 9,404,524. It should be noted that
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while a particular thread forming thread profile is shown and described, the principles
of the present invention may utilize any thread forming thread profile in alternative
embodiments of the present invention. Therefore, the particular thread forming thread
profile shown and described herein should be taken as exemplary only.

The third zone 140 utilizes a second thread profile, which is illustratively a
thread locking thread profile. As is illustrated in Fig. 1A, the exemplary second thread
profile comprises a 60° angled thread at the base of the thread that transitions to a 30°
angled thread at the tip. An exemplary thread locking thread profile is described in the
above-incorporated U.S. Patent No. 7,722,304. It should be noted that while a
particular thread locking profile is shown and described, the principles of the present
invention may utilize any thread locking thread profile in alternative embodiments of
the present invention. Therefore, the particular thread locking thread profile shown
and described herein should be taken as exemplary only.

Thus, in operation, when a fastener 100 in accordance with an illustrative
embodiment of the present invention is inserted into a nut member, the threads of the
first zone engage the nut member as the fastener is initially inserted. The first and
second zone threads deform the nut member to create threads. Upon continued
insertion of the fastener into the nut member, the threads of the third zone engage the
newly created threads to induce mechanical interference, which causes a locking
mechanism to occur. [llustratively, the second thread profile is chosen to compliment
the first thread profile. In accordance with alternative embodiments of the present
invention, the two thread profiles may be selected so that the thread locking profile
(the second thread profile) is designed with the a priori knowledge of the dimensions
of the threads created in a nut member by the thread forming profile (the first thread
profile). As the fastener is creating the internal threads in an unthreaded nut member,
the thread locking profile threads may be configured for optimized performance with
the internal threads. Examples of variations are described below in relation to Figs.
4A, B, Cand 5A, B, C.

Fig. 1B is an exemplary view of the head 110 of the fastener 100 viewed along
the long axis of the fastener in accordance with an illustrative embodiment of the
present invention. As noted above, the illustration and description of exemplary head
having a hexagonal shape should be taken as exemplary only. Fig. 1C is a view of the
fastener 100 from the entry point 105 along the long axis of the fastener in accordance

with an illustrative embodiment of the present invention. As can be appreciated from
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Fig. 1C, the shaft 115 of the fastener is illustratively shaped having a plurality, e.g.,
three lobes, in cross section. It should be noted that the use of a multi-lobed shaft is
exemplary only and the principles of the present invention may be utilized with
fasteners having shafts that are substantially circular. As will be appreciated by those
skilled in the art, various types of fastener shaft cross sections may be utilized to
achieve desired properties of the fastener. More particularly, it is expressly
contemplated that shafts having more than three lobes may be utilized in accordance
with alternative embodiments of the present invention. Further, in alternative
embodiments, the shaft may have a varying cross section. For example, the shaft may
have a substantially circular cross sectional area close to the entry point, but transition
to a non-circular cross sectional area along the length of the shaft. An exemplary non-
circular cross sectional area would be, e.g., a three-lobed cross sectional area.
However, it is expressly contemplated that other forms on substantially non-circular
cross sectional areas may be utilized in accordance with alternative embodiments of
the present invention. The principles of the present invention may be utilized with a
wide range of fastener shaft 115 cross sectional shapes in order to achieve desired
functionality.

Fig. 2 is an enlarged view of the entry point end of a fastener 100 in
accordance with an illustrative embodiment of the present invention. As can be seen
from Fig. 2, the first zone 130 increases in outer diameter as it moves from the entry
point 105. The first zone utilizes a first thread profile, which is illustratively a thread
forming thread profile. The second zone 135 continues the use of the thread forming
threads, but at an overall diameter that is substantially constant, unlike the first zone
130 which has an increasing overall thread diameter. The third zone 140 then utilizes
a second thread profile, e.g., a thread locking thread profile, for the remainder of the
fastener 100.

Fig. 3 is an exemplary view of a headed blank 300 for use in forming a
fastener 100 in accordance with an illustrative embodiment of the present invention.
[lustratively, the blank 300 comprises a single diameter blank, which eases
manufacturing difficulty. However, it is expressly contemplated that the principles of
the present invention may be utilized with more sophisticated blanks.

Figs. 4A, B, C illustrate illustrative thread profilesthat may be utilized in
alternative embodiments of the present invention. It should be noted that each thread

profile has the same cross-sectional area. Fig. 4A is representative of an illustrative



CA 03155261 2022-03-18

WO 2021/071873 PCT/US2020/054474

10

15

20

25

30

60° thread profile, such as that shown in Fig. 1. Fig. 4B is representative of an
exemplary radius thread profile. Fig. 4C is representative of an exemplary angular
thread form with a 60%30° thread profile. It should be noted that in alternative
embodiments of the present invention, differing thread profiles may be utilized.
Therefore, it is expressly contemplated that the thread profiles shown in Figs. 4A, B,
C are exemplary only.

Figs. 5A, B, C illustrate exemplary ranges of potential mechanical interference
that may be obtained by utilizing differing thread profiles for nut members and
fasteners in accordance with exemplary design choices in accordance with illustrative
embodiments of the present invention. The various figures show combinations of
thread profiles described above in relation to Figs. 4A,B, C. As can be seen from Figs.
SA, B, and C, by varying the internal and external thread profiles, varying degrees of
mechanical interference can be achieved. In alternative embodiments, by selecting
various combination of thread profiles, a desired amount of mechanical interference
may be achieved.

Fig. 6 is a cross-sectional view 600 of the insertion of a fastener 100 into a
threaded nut member 605 in accordance with an illustrative embodiment of the
present invention. The threaded nut member 605 illustratively includes a set of
preformed threads 610. View 600 is of the fastener 100 and nut 605 immediately prior
to insertion of the end 105 of the fastener 100 into the threaded nut member 605. The
view along section A-A illustrates an exemplary cross section 615 of fastener 100 and
the threaded nut member.

Fig. 7 is a cross-sectional view 700 of the insertion of a fastener 100 into a
threaded nut member 605 in accordance with an illustrative embodiment of the
present invention. In view 700, the first 130 and second 135 zones of the fastener 100
have been inserted into the threaded nut member 605.. As can be seen in the enlarged
view, space is left between the first and second zone threads and the internal threads
610 of the threaded nut member 605.

Fig. 8 is a cross-sectional view 800 of the insertion of a fastener 100 into an
unthreaded nut member in accordance with an illustrative embodiment of the present
invention. In view 800, the first zone threads 130 have nearly passed through the
threaded nut member 605, while the second zone threads 135 are completely
contained within the nut member 605. As can be seen, the third zone threads 140 have

generated tip penetration at points 805 within the nut member.
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Fig. 9 is a cross-sectional view 900 of the insertion of a fastener 100 into a
threaded nut member 605 in accordance with an illustrative embodiment of the
present invention. In view 900, the first 130 and second zone threads 135 have passed
completely through the nut member 605 and for each internal thread 605, there are tip
penetration points 905 of the third zone threads 140. With the faster 100 inserted as
shown in Fig. 9, the points of tip penetration 905 generate a mechanical locking
mechanism, thereby working to secure the fastener in the threaded nut member.

In an illustrative embodiment of the present invention, the thread forming
thread profile of the first and second zone threads are designed so as to slightly
enlarge the diameter of the threads of the threaded nut member. This resizing enables
the fastener to be constructed so that there is an optimized interference between the
resized threads and the thread locking threads of the third zone threads. By selecting
the thread profile and size for the first and second zone threads, the desired amount of
mechanical interference with the third zone threads may be achieved. However, it
should be noted that in alternative embodiments of the present invention, the
preformed internal threads are not enlarged by the first and second zone threads.
Therefore, the description of the internal threads being enlarged should be taken as
exemplary only.

Fig. 10 is a cross-sectional view 1000 of the insertion of a fastener 100 into an
un-threaded nut member 1005 in accordance with an illustrative embodiment of the
present invention. In view 1000, the fastener 100 is that about to be inserted into a nut
member 1005, which has an un-threaded aperture or hole 1010.

Fig. 11 is a cross-sectional view 1100 of the insertion of a fastener 100 into an
unthreaded nut member 1005 in accordance with an illustrative embodiment of the
present invention. View 1100 shows when the first and second zone threads have been
inserted into the unthreaded nut member completely.

Fig. 12 is a cross-sectional view 1200 of the insertion of a fastener 100 into an
unthreaded nut member 1005 in accordance with an illustrative embodiment of the
present invention. The third zone threads 140 have now entered the previously formed
threads and have generated tip penetrations at points 1205.

Fig. 13 is a cross-sectional view 1300 of the insertion of a fastener 100 into an
unthreaded nut member in accordance with an illustrative embodiment of the present

invention. In view 1300, the first and third zone threads have passed through the nut
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member 1005, a plurality of third zone threads are engaging the nut member 1005 at a
plurality of tip penetration points 1305.

As noted above, in relation to Figs. 6-9, in illustrative embodiments of the
present invention, the first and second zone threads may be sized to create an
optimally sized thread to achieve a desired mechanical interference with the third
zone threads.

It should be noted that while the present invention has been described in
relation to particular thread profiles, the principles of the present invention may be
utilized with a variety of thread forming and/or thread locking thread profiles. As
such, the specific descriptions of particular thread profiles contained herein should be
viewed as exemplary only. Furthermore, while various descriptions of number of
pitch threads in the various zones has been given, as will be appreciated by those
skilled in the art, the number of pitches in the various zones may vary depending on
intended uses. As such, the description of particular numbers of pitches in the various
zones should be taken as exemplary.

The present description is written in terms of various illustrative embodiments
of the present invention. As will be appreciated by those skilled in the art, various
modifications may be made to the embodiments described herein without departing
from the spirit or scope of the invention. As such, the described embodiments should

be taken as illustrative only.

What is claimed is:
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CLAIMS

1. A fastener comprising:

a shaft having a cross-sectional profile having an entrance point at a first end and
a head at a second end,

wherein the shaft has inscribed thereon a first thread profile in a first zone and a
second zone,

wherein the first zone begins at the entrance point and extends for approximately a
first predefined number of thread pitches along the shaft,

wherein a second zone extends for approximately a second number of predefined
thread pitches, and

a third zone having a second thread profile extending from a transition from the
second zone along a substantial portion of the remainder of the shaft towards a bottom

of the head.

2. The fastener of claim 1, wherein the first thread profile has an approximately
60° angle.
3. The fastener of claim 1, wherein the first thread profile as an approximately

radius thread profile.

4. The fastener of claim 1, wherein the first thread profile as an approximately

parabolic thread profile.

5. The fastener of claim 1, wherein the cross-sectional profile is substantially

circular.

6. The fastener of claim 1, wherein the cross-sectional profile has three or more

lobes.

7. The fastener of claim 1, wherein a cross-sectional profile of the shaft
transitions from a substantially circular cross section to a substantially non-circular

Cross section.
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1 8. The fastener of claim 1, wherein a cross-sectional profile of the shaft
2 transitions from a substantially non-circular cross section to a substantially circular

3 Cross section.

1 9. The fastener of claim 1, wherein the first predefined number of thread pitches
2 is three.
1 10. The fastener of claim 1 wherein the second predefined number of thread

2 pitches is six.

1 11, The fastener of claim 1 wherein the first thread profile is a thread forming

2 thread profile.

1 12, The fastener of claim 1 wherein the second thread profile is a thread locking

2 thread profile.

1 13. The fastener of claim 1, wherein the first thread profile is sized to create an

2 optimized internal thread for engagement with the second thread profile.
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