Office de la Propriete Canadian CA 2472095 A1 2003/07/31

Intellectuelle Intellectual Property
du Canada Office (21) 2 472 095
v organisime An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2002/12/26 51) CLInt."/Int.CI.” F16B 23/00, B25B 13/06, B25B 15/00

(87) Date publication PCT/PCT Publication Date: 2003/07/31| (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2004/06/25 HI-SHEAR CORPORATION, US
86) N° demande PCT/PCT Application No.: US 2002/041259| (72 Inventeur/inventor:
(86)N" demande pPREAtON 1O SCHULTZ, DENNIS, US
(87) N° publication PCT/PCT Publication No.: 2003/062650
o o (74) Agent: SMART & BIGGAR
(30) Prioritée/Priority: 2002/01/16 (10/052,238) US

(54) Titre : PRISE D'ENTRAINEMENT LOBEE POUR VIS
(54) Title: LOBED DRIVE SOCKET FOR FASTENER

(57) Abrége/Abstract:

A drive socket (20) for a male threaded fastener (26) includes three rounded lobes (22) of equal radius which are located
equidistant from the center of the fastener and 120° apart from each other. The drive socket also includes three flat surfaces
(28), each flat surface being located opposite one of the lobes and equidistant from the center of the fastener. Another
embodiment of a drive socket includes a first set of three lobes (52) and a second set of three lobes (54), each lobe being of
equal radius and equidistant from the center of the fastener. The lobes of the first set are 120" apart and the lobes of the second
set are also 120° apart and 60" apart from the lobes of the first set. Each of the lobes of the first set includes a flat surface (60)
which Is adjacent and tangential to the radius portion of the lobe.

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

| SRR RO S 2 _,\‘.s
OPIC - CIPO 191 5




WO 03/062650 Al

CA 02472095 2004-06-25

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

31 July 2003 (31.07.2003) PCT

(51) International Patent Classification”: F16B 23/00,
B25B 15/00, 13/06

(21) International Application Number: PCT/US02/41259

(22) International Filing Date:
26 December 2002 (26.12.2002)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
10/052,238 16 January 2002 (16.01.2002) US

(71) Applicant: HI-SHEAR CORPORATION [US/US];
2600 Skypark Drive, Torrance, CA 90509-2975 (US).

(72) Imventor: SCHULTZ, Dennis; 27401 Via Capri, San Juan
Capistrano, CA 92675 (US).

(74) Agents: PARKHURST, David, G. et al.; Fulwider Patton

Lee & Utecht, LLP, Howard Hughes Center, 6060 Center
Drive, Tenth Floor, Los Angeles, CA 90045 (US).

(54) Title: LOBED DRIVE SOCKET FOR FASTENER

(10) International Publication Number

WO 03/062650 Al

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE,
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC,
VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (Al, BE, BG, CH, CY, CZ, DE, DK, EL,
ES, FIL, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SI, SK,
TR), OAPI patent (BEF, BJ, CE, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(§7) Abstract: A drive socket (20)
for a male threaded fastener (26)
includes three rounded lobes (22)
of equal radius which are located
equidistant from the center of
the fastener and 120° apart from
each other. The drive socket also
includes three flat surfaces (28),
each {flat surface being located
opposite one of the lobes and
equidistant from the center of the
fastener. Another embodiment of
a drive socket includes a first set of
three lobes (52) and a second set of
three lobes (54), each lobe being of
equal radius and equidistant from
the center of the fastener. The lobes
of the first set are 120° apart and
the lobes of the second set are also
120° apart and 60° apart from the
lobes of the first set. Each of the
lobes of the first set includes a flat
surface (60) which is adjacent and

tangential to the radius portion of
the lobe.
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LOBED DRIVE SOCKET FOR FASTENER

BACKGROUND OF THE INVENTION

Field of the Invention:

This invention relates generally to structural fasteners, and more particularly

relates to drive sockets on threaded male structural fasteners.

Description of the Related Art:
Threaded male structural fasteners of the type to which this invention is

directed include an axial drive socket, or wrench engaging recess, located either on
a head (FIG. 1a) of the fastener or on the opposite end of the fastener (FIG. 1b). The
drive socket (FIG. 1c) includes a plurality of substantially equally spaced and sized
tlat surfaces which receive a mating wrench type key, or wrench key. The drive
socket may be hexagonally shaped to receive a hexagonal Allen wrench type key, or
hex-key driver. During use, an end of the wrench key 1s inserted into the drive socket
in the male fastener and 1s either held in place to permit a threaded female fastener,
such as a nut, to be screwed onto the threads of the male fastener, or the hex-key
driver 1s rotated in order to screw the male fastener into the female fastener or other
female threaded hole.

Clearance 1s required between a hex-key driver and the drive socket which the
hex-key driver is inserted into. For example, the clearance between a 2.4 mm (3/32-
inch) hexagonal drive socket and a 2.4 mm (3/32-inch) hex-key driver is 0.04 mm
(0.0015 inch) all around. With this amount of clearance, the hex-key driver can
rotate about three degrees before contacting the mating surfaces of the drive socket
(FIG. 1d), resulting in the intersections, or corners, between the surfaces of the hex-
key driver contacting the flat surfaces of the drive socket. With the corners between
the surfaces of the hex-key driver providing the main driving force from the hex-key

driver, high stress concentrations are placed on the corners of the hex-key driver, but
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there is very little material providing support for the corners. As aresult, when aload
fhat is sufficient to set the desired torque between the male threaded fastener and the
remale threaded fastener or part is applied to a hex-key driver during use, the material
at the corners may shear off of the hex-key driver, leaving the hex-key driver in a
stripped condition.

Another problem that can occur is that as the hex-key driver is rotated within
the drive socket, the hex-key driver may become wedged within the socket, thus
causing the hex-key driver to bind within the socket. After setting the desired torque
between the male threaded fastener and the female threaded fastener, rotation of the
hex-key driver must be reversed to break the bind between the hex-key driver and the
socket.

Methods which have been developed to prevent the stripping of hex-key
drivers during use include fabricating the hex-key drivers from stronger materials.
Yet, making the hex-key driver stronger may lead to stripping the drive socket during
high stress applications. Another method of preventing hex-key drivers from
stripping includes making the drive sockets in the fasteners deeper. However,
making the drive socket deeper may lead to poorer tensile strength of the fastener
through the area of the drive socket, especially on fasteners having the drive socket
on the end of the fastener opposite the head (FIG. 1b).

One attempt to alleviate the problem of the hex-key drivers from stripping
within the drive sockets included reconfiguring the drive socket to include six
~ounded lobes of substantially equal radius, as depicted in FIG. 2a. The lobes are
located substantially equidistant from the center of the fastener. Also, adjacent lobes
are located substantially equidistant circumferentially from each other. Each of the
lobes projects inward toward the center of the fastener. The embodiment also
:oludes six curved recesses located between and adjacent each lobe, thereby

combining for a total of six recesses. Each of the recesses is blended into its adjacent
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lobes to form a substantially smooth transition between the lobes and the recesses.
Referring to FIG. 2b, when the hex-key driver is rotated, such as to drive the
male threaded fastener relative to a female threaded fastener, a portion of the flats on
the hex-key driver contact the lobes while the corners of the hex-key driver remain
within the recesses and out of contact with the wall of the drive socket. One problem

with the configuration of FIG. 2a and 2b is that it enlarges the drive socket

. considerably, thereby making the fastener head sub stantially weaker.

Hence, those skilled in the art have recognized a need for a male threaded
fastener having a drive socket that may receive high stress from a hex-key driver
without causing the hex-key driver to strip or to bind within the drive socket. The
need to configure the drive socket so that is does not compromise the tensile strength
of male threaded fasteners or weaken the fastener head has also been recognized.

The present invention fulfills these needs and others.

SUMMARY OF THE INVENTION

Briefly, and in general terms, the present invention is directed to a drive socket
for a fastener which is driven by a hex-key driver. In one presently preferred
embodiment, the drive socket of the present invention includes three rounded lobes
of substantially equal radius. The three lobes are positioned about a center of the
fastener and are located substantially equidistant from the center and about 120° apart
from each other. The drive socket also includes three flat surfaces positioned about
the center of the fastener. Each flat surface is located substantially opposite one of
the lobes and substantially equidistant from the center of the fastener. The drive
socket further includes recesses which are located between the lobes and the flat

surfaces.

In one aspect, the lobes projects inward toward the center of the fastener.
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Bach of the recesses forms a substantially smooth transition between a lobe and a flat
surface. The lobes are positioned to provide a first clearance between an apex of
each of the lobes and corresponding surfaces on a hex-key driver inserted into the
drive socket. The flat surfaces are positioned to provide a second clearance between
the flat surfaces and corresponding surfaces on the hex-key driver. In one facet, the
first clearance is on the order of about 0.04 mm (0.0015 inch) and the second
clearance is on the order of about 0.10 mm (0.0038 inch). In another facet, the
recesses are sized to provide sufficient clearance such that the corners of a hex-key
driver inserted into the drive socket do not contact a wall of the drive socket.

In another presently preferred embodiment, the drive socket of the present
:nvention includes a first set of three lobes of substantially equal radius which are
positioned about a center of the fastener. The lobes within the first set are
substantially equidistant from the center of the fastener and about 120° apart from
ach other. Each of the lobes of the first set includes a flat surface which is located
adjacent and tangentially to the radius portion of the lobe. The drive socket also
‘neludes a second set of three lobes of substantially equal radius positioned about the
center of the fastener. The lobes within the second set are substantially equidistant
f-om the center of the fastener, about 120° apart from each other and about 60° apart
from the lobes of the first set. The drive socket further includes recesses located
between the lobes of the first set and the lobes of the second set.

In one aspect of the invention, each of the lobes of the first set and each of the
1obes of the second set projects inward toward the center of the fastener. In another
aspect, the radius of the lobes of the first set and the radius of the lobes of the second
set are substantially equal. The distance between the lobes of the first set and the
center of the fastener and the distance between the lobes of the second set and the
center of the fastener is also substantially equal. Each of the recesses forms a

substantially smooth transition between the lobes of the first set and the lobes of the
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second set. The recesses are sized to provide sufficient clearance such that the
corners of a hex-key driver inserted into the drive socket do not contact a wall of the
drive socket. The flat surfaces of the lobes in the first set are positioned substantially
120° apart from each other.

In another aspect, the lobes of the first set are positioned to provide a first
clearance between an apex of each of the lobes of the first set and corresponding
surfaces on a hex-key driver inserted into the drive socket. Similarly, the lobes of the
second set are positioned to provide a second clearance between an apex of each of
the lobes of the second set and corresponding surfaces on the hex-key driver inserted
:nto the drive socket. The first clearance and the second clearance are both on the
order of about 0.04 mm (0.0015 inch).

From the above, it may be seen that the invention provides tor configurations
of drive sockets for fasteners which do not cause the hex-key driver to strip or to bind
within the drive socket. Further, it may also be seen that the drive socket does not
compromise the tensile strength of the fastener of weaken the fastener head. These
and other aspects and advantages of the invention will become apparent from the
following detailed description and the accompanying drawings, which illustrate by

way of example the features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1ais section view of an embodiment of a prior art fastener depicting
a hexagon shape drive socket positioned at the head of the fastener.

FIG. 1b is a section view of an embodiment of a prior art fastener depicting
a hexagon shape drive socket positioned at an end of the fastener opposite the head.

FIG. 1cis a plan view of the drive socket of FIG. 1b depicting the drive socket

with a hex-key driver inserted within the drive socket.

5
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FIG. 1d is a plan view of the drive socket of FIG. 1¢ with the hex-key driver
rotated within the drive socket.

FIG. 2a is a plan view of the head of a prior art fastener depicting a drive
socket having six lobes and six recesses with a hex-key driver inserted within the
drive socket.

FIG. 2b is a plan view of the head of FIG. 3a with the hex-key driver rotated

within the drive socket.

FIG. 3a is a plan view of a drive socket having three lobes and three flat
surfaces with a hex-key driver inserted within the drive socket.

FIG. 3b is a plan view of the drive socket of FIG. 3a with the hex-key driver
rotated within the drive socket.

FIG. 4a is a plan view of a drive socket having six lobes with three of the
lobes including a flat surface with a hex-key driver mns erted within the drive socket.

FIG. 4b is a plan view of the drive socket of FIG. 4a with the hex-key driver

rotated within the drive socket.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in the drawings for purposes of illustration, the invention 1s
embodied in a drive socket for a male threaded fastener. Referring to the drawings,
in which like reference numerals are used to designate like or corresp onding elements
among the several figures, FIG. 3a depicts a drive socket 20 of the present mvention.
The drive socket 20 includes three rounded lobes 22 of substantially equal radius.
The lobes 22 are located substantially equidistant from the center 24 of the fastener
26, as well as substantially equidistant circumferentially from each othger. Each ot
the lobes 22 projects inward toward the center 24 of the fastener 26. The drive socket

20 may also include three flat surfaces 28, each flat surface being located

-6
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substantially opposite one of the lobes 22 and sub stantially equidistant from the
center 24 of the fastener 20.

The drive socket 20 of the present embodiment may also include curved
recesses 30 between the lobes 22 and the flat surfaces 28, thereby combining for a
total of six recesses. Each of the recesses 30 is blended into its adjacent lobe 22 and
flat surface 28 to form a substantially smooth transition between the recesses and the
lobes and between the recesses and the flat surfaces.

The lobes 22, flat surfaces 28 and recesses 30 of the drive socket 20 are
spaced from the center 24 of the fastener 26 such that when a hex-key driver 32 18

- serted into the drive socket, there is a first clearance 34 between an apex 36 of each

A second clearance 40 is also provided between the flat surfaces 28 of the drive
socket 20 and a second set of alternating flat surfaces 42 on the hex-key driver 32.
In one embodiment, the second clearance 40 is on the order of about 0.10 mm
(0.0038 inch). Also, therecesses 30 provide sufficient clearance such that the corners
44 of the hex-key driver 32 do not contact the wall 46 of the drive socket 20.
Referring to FIG. 3b, when the hex-key driver 32 is rotated clockwise, such
as to drive the male threaded fastener 26 relative to a female threaded fastener, a
portion of the first set of alternating flat surfaces 38 on the hex-key driver contact the
lobes 22 in the drive socket 20 while the corners 44 of the hex-key driver remain out
of contact with the wall 46 of the drive socket. The corners 44 of the hex-key driver
32 may either remain within the recesses 30 ormove to a location proximate the flat
surfaces 28 of the drive socket 20. In one embodiment, the hex-key driver 32 may
rotate about 6° prior to contact between the first set of alternating flat surfaces 38 on
the hex-key driver and the lobes 22 with the lobes contacting the first set of

alternating flat surfaces on the hex-key driver about one-third of the distance across

'|
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the surfaces from the corners 44 of the hex-key driver. As aresult, similar to the use
of the drive socket in the embodiment depicted in FIGS. 2a and 2b, a relatively large ‘
amount of material supports the hex-key driver 32 behind the three contact points
between the hex-key driver and the lobes 22 in comparison to the prior art hexagonal
drive socket (FIGS. 1c and 1d).

Counterclockwise rotation of the hex-key driver 32 (not shown), such as to
unscrew the male threaded fastener 26, creates substantially equivalent contact
between the drive socket 20 and the hex-key driver as when the hex-key driver is
rotated clockwise. Hence, a portion of the first set of alternating flat surfaces 38 on
the hex-key driver contacts the lobes 22 the drive socket 20 while the corners 44
of the hex-key driver remain out of contact with the wall 46 of the drive socket.
Contact between the lobes 22 and the first set of alternating flat surfaces 38 occurs
about one-third of the distance across the surfaces from the corners 44 of the hex-key
driver 32.

By eliminating contact between the corners 44 of the hex-key driver 32 and

the wall 46 of the drive socket 20, as depicted in FIGS. 3a and 3b, wear to the hex-

drive socket 20, the depth of the drive socket may be reduced in comparison to the
prior art drive socket. Further, the inclusion of the flat surfaces 28 reduces the
amount of material removed from the fastener 26 in comparison to the prior art drive
socket depicted in FIGS. 2a and 2b. Reducing the amount of material removed from
the fastener 26 aids in maximizing the strength of the fastener 26.

Referring to FIG. 4a, another embodiment of a drive socket 50 includes a first
set of three lobes 52 and a second set of three lobes 54, for a total of six lobes, each
lobe being of substantially equal radius. The lobes 52, 54 are located substantially
equidistant from the center 56 of the fastener 58. The lobes 52 of the first set are

K-
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about 120° apart from each other. The lobes 54 of the second set are also about 120°
apart from each other and alternate between the lobes 52 of the first set so that each
iobe 52 from the first set has a lobe 54 from the second set about 60 on either side
of it. Each of the lobes 52, 54 projects inward toward the center 56 of the fastener
5% Fach of the lobes 52 within the first set includes a flat surface 60 which 1s located
adjacent and tangentially to the radius portion 62 of the lobe 52. The flat surfaces 60
are positioned such that they are sub stantially 120° apart from each other. The tlat
surfaces 60 on the lobes 52 of the first set and the lobes 54 of the second set function
as contact surfaces for a hex-key driver 64 during clockwise rotation of the fastener.

The drive socket 50 of the present invention may also include a first set of
curved recesses 66 and a second set of curved recesses 68 between the lobes 52 of the
first set and the lobes 54 of the second set, thereby combining for a total of six
recesses. However, the first set of recesses 66, which are located between the tlat
surfaces 60 on the lobes 52 of the first set and the adjacent lobes 54 of the second set
may be a different size than the second set of recesses 68 which are located between
the radius portions 62 of the lobes 52 of the first set and the adjacent lobes 54 of the
second set. Each of the first 66 and second 68 sets of recesses is blended into the first
59 and second 54 sets of lobes to form a substantially smooth transition between the
recesses and lobes.

The first 52 and second 54 sets of lobes and first 66 and second 68 sets of
recesses of the drive socket :50 are spaced from the center 56 of the fastener 58 such
that when the hex-key driver 64 is inserted into the drive socket 50, there 1s a
clearance 70 between the hex-key driver and the drive socket. More particularly,
there is a clearance 70 between a first apex 72 on each of the lobes 52 of the first set
and a first set of alternating flat surfaces 74 on the hex-key driver. There is a
substantially equal clearance 70 between a second apex 76 on each of the lobes 54

of the second set and a second set of alternating flat surfaces 78 on the hex-key
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driver. In one embodiment, the clearance 70 is on the order of about 0.04 mm
(0.0015 inch). Also, the first 66 and second 68 sets of recesses provide sufficient
clearance such that the corners 80 of the hex-key driver 64 do not contact the wall 82
of the drive socket 50.

Referring to FIG. 4b, when the hex-key driver 64 is rotated clockwise, such
as to drive the male threaded fastener 58 relative to a female threaded fastener, the
first set of alternating flat surfaces 74 on the hex-key driver contact the flat surfaces
60 of the first set of lobes 52 in such manner that there is surface-to-surface contact
between the first set of alternating flat on the hex-key driver and the flat surfaces of
the first set of lobes. Further, the second set of alternating flat surfaces 78 on the hex-
key driver 64 contacts the three lobes 54 ot the second set. The corners 80 of the
hex-key driver 64, however, remain within the first 66 and second 68 set of recesses
and out of contact with the wall 82 of the drive socket 50. In one embodiment, the
hex-key driver 64 may rotate about 6° prior to contact between the first 74 and
second 78 sets of alternating flat surfaces on the hex-key driver and the first 52 and
second 54 set of lobes of the drive socket 50. In this manner, the flat surfaces 60 of
the first set of lobes 52 have surface contact with the surfaces of the first set of
alternating flat surfaces 74 on the hex-key driver 64 between the corner 80 of the hex-
key driver to a location about one-third of the distance across the surfaces of the first
set of alternating flat surfaces. Also, the lobes 54 of the second set contact the
surfaces of the second set of alternating flat surfaces 78 at a location about one-third
of the distance across the surfaces of the second set of alternating flat surfaces from
the corners 80 of the hex-key driver. As aresult, similar to the use of the drive socket
20 in the embodiment depicted in FIGS. 3a and 3b, a relatively large amount of
material supports the hex-key driver 64 behind the contact points and contact surfaces
in comparison to the prior art hexagonal drive socket (FIGS. 1c and 1d).

With the surface contact created between the flat surfaces 60 of the first set

-10-
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of lobes 52 and the first set of aiternating flat surfaces 74 of the hex-key driver 64
during clockwise rotation of the hex-key driver, the likelihood of the hex-key driver
is significantly reduced in comparison to the prior art drive sockets (FIG. lo).
Without the binding of the hex-key driver 64 within the drive socket 50, there 1s no
need to reverse the rotation direction of the he;c-key driver to break the bind prior to
removing the hex-key driver from the drive socket. Further, the lack of binding
reduces the amount of wear to the hex-key driver 64 during use.

When the hex-key driver 64 is rotated counterclockwise (not shown), such as
to unscrew the male threaded fastener 58, each of the first 74 and second 78 set of
alternating flat surfaces on the hex-key driver 64 contacts a corresponding lobe from
the first 52 or second 54 set of lobes while the corners 80 of the hex-key driver,
again, remain within the first 66 and second 68 sets of recesses and out of contact
with the wall 82 of the drive socket 50. The lobes 52, 54 of the first and second set
contact the first 74 and second 78 sets of alternating flat surfaces on the hex-key
driver 64 about one-third of the distance across the surfaces from the corners 80 of
the hex-key driver.

By eliminating contact between the corners 80 of the hex-key driver 64 and
the wall 82 of the drive socket 50, as depicted in FIGS. 4a and 4b, wear to the hex-
key driver is significantly reduced in comparison to the prior art drive socket of F1G.
1c. Due to the reduction of wear of the hex-key driver 64 by the configuration of the
drive socket 50, the depth of the drive socket may be reduced in comparison to the
prior art drive socket. Reducing the depth of the drive socket 50, in turn, aids n
maximizing the strength of the fastener 58.

It will be apparent from the foregoing that while particular forms of the
invention have been illustrated and described, various modifications can be made
without departing from the spirit and scope of the invention. Accordingly, 1t is not

intended that the invention be limited, except as by the appended claims.

-11-
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WHAT IS CLAIMED:

1. A drive socket for a fastener which is driven by a hex-key driver,
comprising;:

S three rounded lobes of substantially equal radius positioned about a center of

the fastener, the lobes being located substantially equidistant from the center and

about 120° apart from each other;

three flat surfaces positioned about the center of the fastener, each flat surface

being located substantially opposite one of the lobes and substantially equidistant

10 from the center of the fastener; and

recesses located between the lobes and the flat surfaces.

2. The drive socket of claim 1, wherein each of the lobes projects inward

toward the center of the fastener.

15

3. The drive socket of claim 1, wherein each of the recesses forms a

substantially smooth transition between a lobe and a flat surface.

4, The drive socket of claim 1, wherein the lobes are positioned to provide
20 a first clearance between an apex of each of the lobes and corresponding surfaces on

a hex-key driver inserted into the drive socket, and the flat surfaces are positioned to

provide a second clearance between the flat surfaces and corresponding surfaces on

the hex-key driver.

25 S. The drive socket of claim 4, wherein:

the first clearance is on the order of about 0.04 mm (0.0015 1nch); and

the second clearance is on the order of about 0.10 mm (0.0038 inch).

_12-
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6. The drive socket of claim 1, wherein the recesses are sized to provide
sufficient clearance such that the corners of a hex-key driver inserted into the drive

soclket do not contact a wall of the drive socket.

7. A drive socket for a fastener which is driven by a hex-key driver,
comprising:

three rounded lobes of substantially equal radius positioned about a center of
the fastener, the lobes being located substantially equidistant from the center and
about 120° apart from each other, each of the lobes projecting inward toward the
center of the fastener, the lobes being positioned to provide a first clearance on the
order of about 0.04 mm (0.0015 inch) between an apex of each of the lobes and
corresponding surfaces on a hex-key driver inserted into the drive socket;

three flat surfaces positioned about the center of the fastener, each tlat surface

being located substantially opposite one of the lobes and substantially equidistant

from the center of the fastener, the flat surfaces being positioned to provide a second

clearance on the order of about 0.10 mm (0 0038 inch) between the tlat surtaces and
correspdnding surfaces on the hex-key driver inserted into the drive socket; and
recesses located between the lobes and the flat surfaces, each of the recesses
forming a substantially smooth transition between a lobe and a flat surface, the
recesses being sized to provide sufficient clearance such that the corners of a hex-key

driver inserted into the drive socket do not contact a wall of the drive socket.

8. A drive socket for a fastener which 1s driven by a hex-key driver,
comprising:

a first set of three lobes of substantially equal radius positioned about a center
of the fastener, the lobes within the first set being substantially equidistant from the
center of the fastener and about 120° apart from each other, each of the lobes of the
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first set including a flat surface which is located adjacent and tangentially to the

radius portion of the lobe;

a second set of three lobes of substantially equal radius positioned about the
center of the fastener, the lobes within the second set being substantially equidistant

from the center of the fastener, about 120° apart from each other and about 60° apart

from the lobes of the first set; and

recesses located between the lobes of the first set and the lobes of the second

set.

0. The drive socket of claim 8, wherein each of the lobes of the first set

and each of the lobes of the second set projects inward toward the center of the

fastener.

10.  The drive socket of claim 8, wherein the radius of the lobes of the first

set and the radius of the lobes of the second set are substantially equal.

11. The drive socket of claim 8, wherein the distance between the lobes of

the first set and the center of the fastener and the distance between the lobes of the

second set and the center of the fastener 1s substantially equal.

12. The drive socket of claim 8, wherein each of the recesses forms a
substantially smooth transition between the lobes of the first set and the lobes of the

second set.

13.  The drive socket of claim 12, wherein the recesses are sized to provide
sufficient clearance such that the corners of a hex-key driver inserted into the drive

socket do not contact a wall of the drive socket.
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14. The drive socket of claim 8, wherein the flat surfaces of the lobes 1n the

first set are positioned substantially 120° apart from each other.

15.  The drive socket of claim 8, wherein:

the lobes of the first set are positioned to provide a first clearance between an
apex of each of the lobes of the first set and corresponding surfaces on a hex-key

driver inserted into the drive socket; and

the lobes of the second set are positioned to provide a second clearance
between an apex of each of the lobes of the second set and corresponding surfaces

on the hex-key driver inserted into the drive socket.

16. The drive socket of claim 15, wherein:
the first clearance is on the order of about 0.04 mm (0.0015 inch); and

the second clearance is on the order of about 0.04 mm (0.0015 inch).

17. A drive socket for a fastener which is driven by a hex-key driver,

~ comprising:

a first set of three lobes of substantially equal radius positioned about a center
of the fastener, the lobes within the first set being substantially equidistant from the
center of the fastener and about 120° apart from each other, each of the lobes of the

~ first set including a flat surface which 1s located adjacent and tangentially to the

radius portion of the lobe, the flat surfaces of the lobes of the first set being
positioned substantially 120° apart from each other, each of the lobes of the first set
projecting inward toward the center of the fastener, the lobes of the first set being
positioned to provide a first clearance on the order of about 0.04 mm (0.0015 mch)
between an apex of each of the Jobes of the first set and corresponding surfaces on

a hex-key driver inserted into the drive socket;
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a second set of three lobes of substantially equal radius positioned about the
center of the fastener, the lobes within the first set being substantially equidistant
form the center of the fastener and about 120° apart from each other and about 60°
apart from the lobes of the first set, each of the lobes of the second set projecting
inward toward the center of the fastener, the lobes of the second set being positioned
to provide a second clearance on the order of about 0.04 mm (0.0015 inch) between
an apex of each of the lobes of the second set and corresponding surfaces on a hex-

key driver inserted into the drive socket; and

recesses located between the lobes of the first set and the lobes of the second
set, each of the recesses forming a substantially smooth transition between the lobes
of the first set and the lobes of the second set, the recesses being sized to provide
sufficient clearance such that the corners of a hex-key driver inserted mto the drive

socket do not contact a wall of the drive socket.

18. The drive socket of claim 17, wherein the radius of the lobes of the first

set and the radius of the lobes of the second set are substantially equal.

19.  The drive socket of claim 17, wherein the distance between the lobes
of the first set and the center of the fastener and the distance between the lobes of the

second set and the center of the fastener 1s substantially equal.
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