w0 2021/133781 A2 M1 HHPL Y00 A O A0S0 0

(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 2021/133781 A2

01 July 2021 (01.07.2021) WIPO I PCT

(51) International Patent Classification:
Not classified

(21) International Application Number:
PCT/US2020/066568

(22) International Filing Date:
22 December 2020 (22.12.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/953,417 24 December 2019 (24.12.2019) US
62/955,163 30 December 2019 (30.12.2019) US
62/955,674 31 December 2019 (31.12.2019) US

(71) Applicant: BLACK & DECKER INC. [US/US]; 1000
Stanley Drive, New Britain, Connecticut 06053 (US).

(72) Inventors: SCHROEDER, James D.; 251 Nollyn Drive,
Dallastown, Pennsylvania 17313 (US). ZHANG Qiang J.;

2116 Starmount Lane, Lutherville, Maryland 21093 (US).
MILLER, Matthew; ¢/o Stanley Black & Decker Inc., New
Brtain, Connecticut 06053 (US). MEREDITH, Daryl S.;
851 Woods Drive, York, Pennsylvama 17402 (US).

(74) Agent: HILTON, Michael E.; Hamess, Dickey & Pierce,
P.L.C., 5445 Corporate Drive, Suite 200, Troy, Michigan
48098 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
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, HN,
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.

(84) 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,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, T1J,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: FLYWHEEL DRIVEN FASTENING TOOL

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(57) Abstract: A flywheel can be mounted on a flywheel carriage that can include a pair of axles. The flywheel carnage can be movable
along two pairs of guide slots of the tool frame between a disengaged position in which the flywheel 1s spaced from the fastener driver,
and an engaged position in which the flywheel 1s engaged with the fastener driver to drive the fastener driver along a driver axis. A pair
of pinch rollers can be coupled to the tool frame and can be engageable with a pinch roller side of the driver profile that 1S opposite
the flywheel side. A plane aligned with an axis of rotation of the flywheel and oriented perpendicular to the driver axis can be located
between an axis of rotation of each of the pair of pinch rollers throughout engagement of the flywheel with the fastener driver along

the longitudinal flywheel engagement length.



10

15

20

25

WO 2021/133781 PCT/US2020/066568

FLYWHEEL DRIVEN FASTENING TOOL

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/953,417, tiled on December 24, 2019; and this application claims the benefit of
U.S. Provisional Application No. 62/955,163, filed on December 30, 2019; and this
application claims the benefit of U.S. Provisional Application No. 62/955,674, filed on
December 31, 2019. The entirety of each of the above applications is incorporated

herein by reference.

FIELD
[0002] The present disclosure relates to a flywheel driven fastening tool, such
as a cordless electric nailer; and more particularly, to a drive motor assembly, a pinch

roller assembly, and a driver return assembly of such flywheel driven fastening tools.

BACKGROUND

[0003] This section provides background information related to the present
disclosure which is not necessarily prior art.

[0004] Flywheel driven fastening tools typically include a rotating flywheel that
engages a driver to impart energy to the driver, causing the driver to move and drive
or deform the tastener. Thus, a drive motor assembly can include an electric motor
coupled to the flywheel to rotate the flywheel without engaging the driver. When
activated, the drive motor assembly causes the rotating flywheel and driver to engage
each other to propel the driver from the returned position to the extended position. In
a cordless electric nailer, for example, fasteners, such as nails, are driven into a
workpiece by a driver blade or driver through a process known as a “drive” or “drive
cycle”. Generally, a drive cycle involves the driver striking a fastener head during a
drive stroke to an extended position and returning to a home or returned position
during a return stroke. The structure of the drive motor assembly can result In
changes in the attack angle or other changes that affect the etficiency with which the
energy Is transterred from the flywheel to the driver as the driver wears over the lite of

the tool.
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[0005] Flywheel driven fastening tools can include a pinch roller positioned on
the opposite side of the driver from the flywheel. The driver is sandwiched or pinched
between the pinch roller and the flywheel to the transfer of energy from the flywheel to
the driver. The pinch roller can permit flexing of the drive blade of the driver, resulting
In detrimental oscillation of the fastener engaging end of the drive blade, as the driver
moves along the drive path.

[0006] Flywheel driven fastening tools can include a driver return assembly.
Typically, such driver return mechanisms include compression return springs mounted
on guide rails along which the driver moves. These compression return springs are
compressed during the drive stroke and operate to return the driver during the return
stroke. Such compression return springs experience extremely high dynamic loading
forces as the profile is accelerated and decelerated in driving a nail. For example, In
some cases a driver profile can accelerate from zero to 23 meters per second in about
4 milliseconds. As a result, return springs of such a driver profile generate problematic
surge velocity waves which are highly detrimental to a desired long fatigue life of the
springs. In addition, the room that is required along the drive rails to accommodate
the compressed spring at the end of the drive stroke, can limit the ability to shorten the
length of the tool in the direction of the diver axis.

[0007] Accordingly, there remains a need to improve flywheel driven fastening
tools to address the problems identified above or to address other problems of the

drive motor assembly, the pinch roller, and the driver return assembly.

SUMMARY

[0008] This section provides a general summary of the disclosure, and is not a
comprehensive disclosure of its full scope or all of its features.

[0009] In accordance with some aspects of the present disclosure a flywheel
driven fastening tool can include a fastener driver drivable along a driver axis and a
flywheel driven by an electric motor. The flywheel can be mounted on a flywheel
carriage, and the flywheel carriage can include a pair of axles. A tool frame can
iInclude two pairs of guide slots with opposite ends of each of the pair of axles
positioned within the two pairs of guide slots. The tlywheel carriage can be movable
along the two pairs of guide slots between a disengaged position in which the flywheel
IS spaced from the fastener driver, and an engaged position in which the flywheel is

engaged with the fastener driver to drive the fastener driver along a driver axis.



10

15

20

25

30

WO 2021/133781 PCT/US2020/066568

[0010] At least engagement ends of the two pairs of guide slots can extend
linearly, and can be aligned with each other in a common plane. The two pairs of
guide slots can extend linearly and can be aligned with each other in a common plane
to guide each of the pair of axles of the flywheel carriage along the common plane as
the flywheel carriage moves between the engaged position and the disengaged
position. The common plane can extend at an acute angle relative to the driver axis
that is between 10 and 25 degrees.

[0011] A bearing can be mounted on the opposite ends of each of the pair of
axles. The bearing can rotate as the flywheel carriage moves along the two pairs of
guide slots between the engaged position and the disengaged position.

[0012] The flywheel drive fastening tool can include a nosepiece assembly
having a fastener discharge opening. The flywheel can be positioned closer to a
fastener discharge opening of the nosepiece assembly and can be spaced from the
fastener driver in the disengaged position. The flywheel can be positioned farther
from the fastener discharge opening and in contact with the tastener driver in the
engaged position.

[0013] The flywheel carriage can carry a permanent magnet that is operable to
retain the tflywheel carriage in the disengaged position. An electromagnetic actuator
can be operable to move the flywheel carriage along the two pairs of guide slots
between the engaged position and the disengaged position. The electromagnetic
actuator can include a permanent magnet mounted on the flywheel carriage and an
electromagnet. The electromagnet can have an activated state in which the
permanent magnet is repelled by the electromagnet to move the tlywheel carriage
from the disengaged position to the engaged position along the two pairs of guide
slots. The electromagnet can have an inactive state in which the permanent magnet
IS attracted to a core of the electromagnet to retain the flywheel carriage Iin the
disengaged position along the two pairs of guide slots.

[0014] Both the flywheel and the electric motor can be mounted on the flywheel
carriage. The flywheel and electric motor can be provided as a flywheel engine In
which the flywheel and electric motor are integrated together into a single unit that is
mounted on the flywheel carriage. The flywheel engine can include a brushless motor
with an outer rotor, and the outer rotor of the brushless motor can include the flywheel.

[0015] In accordance with some aspects of the present disclosure a flywheel

driven fastening tool can include a fastener driver drivable along a driver axis. The
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fastener driver can include a driver profile and a driver blade. A flywheel can be
coupled to a tool frame and driven by an electric motor. The flywheel can be
engageable with a flywheel side of the driver profile along a longitudinal flywheel
engagement length. A pair of pinch rollers can be coupled to the tool frame and can
be engageable with a pinch roller side of the driver profile that is opposite the tlywheel
side along a longitudinal roller engagement length of the pinch roller side of the driver
profile. A plane aligned with an axis of rotation of the flywheel and oriented
perpendicular to the driver axis can be located between an axis of rotation of each of
the pair of pinch rollers throughout engagement of the flywheel with the fastener driver
along the longitudinal flywheel engagement length.

[0016] The axes of rotation of the pair of pinch rollers can be spaced a
longitudinal distance from each other that is 35% or less of the longitudinal flywheel
engagement length of the driver profile.

[0017] The flywheel side of the driver profile can have a flywheel engaging
surface profile that is uniform along the longitudinal flywheel engagement length. The
pinch roller side of the driver profile can have a roller engaging surface profile that is
uniform along the longitudinal roller engagement length. The axis of rotation of each
of the pair of pinch rollers can be fixedly positioned with respect to the tool frame. The
pair of pinch rollers are mounted on a roller carriage that is coupled to the tool frame.
The roller carriage can be fixedly positioned relative to the tool frame.

[0018] In accordance with some aspects of the present disclosure, the flywheel
driven fastening tool can have a driver return assembly that can include a pivoting
linkage that is pivotably coupled to the tool frame at a first end of the pivoting linkage.
The pivoting linkage can be coupled to the fastener driver at a second end of the
pivoting linkage. The second end is opposite the first end of the pivoting linkage. A
spring can have a fixed spring end couipled to the tool frame and a moving spring end
coupled to the pivoting linkage.

[0019] The spring can be a torsion spring. The torsion spring can be positioned
around a spring axis, and the pivoting linkage can be coupled to the tool frame to pivot
at the spring axis. The spring can be an expansion spring.

[0020] The pivoting linkage can include a first link arm pivotably coupled to a
second link arm. The first end of the pivoting linkage can be a proximal end of the first
link arm, and the second end of the pivoting linkage can be a distal end of the second

ink arm.
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[0021] The second end of the pivoting linkage can include an elongated slot. A
pin of the fastener driver can extend into the elongated slot to couple the second end
of the pivoting linkage to the fastener driver. The pivoting linkage can include a single
pivot arm having both the first end and the second end of the pivoting linkage.

[0022] In accordance with some aspects of the present disclosure, the flywheel
driven fastening tool can be an electric cordless fastening tool. including a battery that
can be mounted to a tool housing of the flywheel driven fastening tool and electrically
coupled to the electric motor. The electric cordless fastening tool can be an electric
cordless nailer, and the fastener driver can be a nail driver.

[0023] Further areas of applicability will become apparent from the description
provided herein. The description and specific examples in this summary are intended
for purposes of illustration only and are not intended to limit the scope of the present

disclosure.

DRAWINGS

[0024] The drawings described herein are for illustrative purposes only of
selected embodiments and not all possible implementations, and are not intended to
limit the scope of the present disclosure.

[0025] Fig. 1 is a side elevation view of one example flywheel driven fastening
tool in accordance with aspects of the present disclosure.

[0026] Fig. 2 is a side elevation view of various internal components of the
flywheel driven fastening tool of Fig. 1, including an example drive motor assembly, an
example pinch roller assembly, and an example driver return assembly in accordance
with aspects of the present disclosure.

[0027] Fig. 3 is a perspective view of components of the example drive motor
assembly of Fig. 2, including the flywheel carriage.

[0028] Fig. 4 is a side elevation view of the components of Fig. 2 with the
example drive motor assembly Iin a disengaged position spaced from the driver, and
with the driver and driver return assembly in a home or return position.

[0029] Fig. 5 Is a side elevation view similar to Fig. 4, but with the example
drive motor assembly in an engaged position contacting the driver, and with the driver
and driver return assembly in an extended position.

[0030] Fig. 6 is a perspective view of the various components of Fig. 2.
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[0031] Fig. 7A is a side elevation view of another example drive motor
assembly, and another example driver return assembly in accordance with aspects of
the present disclosure, with the driver and example driver return assembly in a home
or return position.

[0032] Fig. 7A is a side elevation view similar to Fig. 7A, but with the driver and
this example driver return assembly in a home or return position.

[0033] Fig. 8 is a side elevation view of yet another example driver return
assembly in accordance with aspects of the present disclosure, with the driver and
example driver return assembly in a home or return position.

[0034] Corresponding reference numerals indicate corresponding parts
throughout the several views of the drawings, including when the corresponding parts

are not identical.

DETAILED DESCRIPTION

[0035] Example embodiments will now be described more fully with reference
to the accompanying drawings.

[0036] With reference to FIGS. 1-6, one example of a flywheel driven fastening
tool 10 in the form of a cordless nailer in accordance with the present disclosure is
llustrated and described. The cordless nailer 10 can include a housing assembly 12,
a frame 40, a control unit 28, a drive motor assembly 16, a nosepiece assembly 18, a
magazine assembly 20, and a battery pack 22. The housing assembly 12 can shroud
all or portions of the frame 40. The frame 40 can serve as a structure or foundation to
which various components can be mounted. The housing assembly 12, the control
unit 28, the nosepiece assembly 18, the magazine assembly 20, and the battery pack
22 can be constructed and operated to drive a fastener, such as a nail.

[0037] The drive motor assembly 16 can include a drive source 24, which
iIncludes a motor 32 and a flywheel 34. As in the illustrated example, the drive source
24 can comprise the motor 32 and the flywheel 34 being integrated together into a
single unit to form a flywheel engine 64. In an example flywheel engine 64, the motor
32 can be an outer rotor brushless motor 32 with the flywheel 34 being an integral part
of the outer rotor of the motor 32. Alternatively, the drive source 24 can comprise
separate motor 32 and flywheel 34 units, for example, where the motor 32 drives the
flywheel 34 via a transmission (not shown) between the two separate units 32, 34.

The drive motor assembly 16 can additionally include an electromagnetic actuator 30.
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[0038] In operation, fasteners, such as nails, are stored in the magazine
assembly 20, which sequentially feeds the fasteners into the nosepiece assembly 18.
The drive motor assembly 16 Is operable to drive a driver 26 along a driver axis 38
aligned in a longitudinal direction of the driver 26. The drive motor assembly 16 can
be actuated by the control unit 28 to cause the driver 26 to translate along the driver
axis 38 and impact a fastener in the nosepiece assembly 18. The nosepiece
assembly 18 guides the fastener as it is driven from the fastening tool 10 through a
fastener discharge opening 14 of the nosepiece assembly 18 and into a workpiece.

[0039] The drive source 24 and an electromagnetic actuator 30 including an
electromagnet 58 of the drive motor assembly 16 can be electrically driven. For
example, electrical energy supplied from the battery pack 22 can be used to operate
the motor 32 and the electromagnetic actuator 30. The motor 32 is employed to drive
the tlywheel 34 so that energy may be transterred from the flywheel 34 to the driver 26
upon actuation of the electromagnetic actuator 30 to cause the driver 26 to translate
along the driver axis 38 from a home or returned position (e.g., Fig. 4) to an home or
returned position (e.g., Fig. 4).

[0040] The flywheel 34, such as one provided by a flywheel engine 64, can be
mounted to a sliding flywheel carriage 88. The flywheel 34 or tflywheel engine 64 can
be mounted between a pair of parallel axles 90 that form a portion of the sliding
flywheel carriage 88. Opposite ends of the axles 90 can include at least one bearing
92 or wheel. For example, opposite ends of each of the axles 90 can have a bearing
or wheel 92 mounted thereon.

[0041] The tastening tool 10 includes a frame 40 and the frame can include a
plurality of carriage guide slots 42. As in the illustrated example, the guide slots 42
can extend through portions of the frame 40. Alternatively, the carriage guide slots 42
can be provided by the frame 40 without extending completely through relevant
portions of the frame 40. As in the illustrated example, the frame 40 can include two
pairs of guide slots 42 with opposite ends of the each of the pair of axles 90 received
iIn one of the pair of guide slots 42.

[0042] The guide slots 42 can have a disengaged end 44 and an engaged end
46. When the axles 90 of the flywheel carriage 88 are positioned along the guide slots
42 at the disengaged end 44, the carriage 88 and the flywheel 34 can be Iin a
disengaged position in which the flywheel is spaced from the driver 26. When the

axles 90 of flywheel carriage 88 are positioned along the guide slots 42 at the
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engaged end 46, the flywheel carriage 88 and the flywheel 34 can be in an engaged
position in which the flywheel 34 is engaged with the driver 26. The engaged end 46
of the guide slots 42, and the flywheel carriage 88 and the flywheel 34 in the engaged
position, can be positioned further from the fastener discharge opening 14 of the
nosepiece assembly 18 than the disengaged end 44 of the guide slots 42, and the
flywheel carriage 88 and flywheel 34 in the engaged position and vice versa.

[0043] As in the illustrated example, the carriage guide slots 42 can extend
linearly and can be aligned with each other. In alternative examples, the guide slots
42 can have an arcuate shape, can be misaligned with each other, or both. In some
cases where the guide slots 42 have an arcuate shape, the engaged end 46 of the
guide slots 42 can extend linearly and can be aligned with each other. The flywheel
carriage 88 can slide along the guide slots 42 between an engaged position (e.g., FIg.
5) toward the engaged end 46 of the guide slots 42 in which the flywheel 34 is
engaged with the driver 26, and a disengaged position (e.g., Fig. 4) toward the
disengaged end 44 of the guide slots 42 in which the flywheel 34 or flywheel engine
64 Is disengaged, or spaced from the driver 26. This engaged position arrangement
results in the action of the spinning flywheel 34 engaging against the driver 26
generating a force that acts on the flywheel carriage 88 in the direction of the engaged
end 46 of the guide slots 42.

[0044] The guide slots 42 can operate as ramps that enable the flywheel 34 to
be wedged against the driver 26 when the flywheel carriage 88 is slid to the engaged
position along the guide slots 42. The engaged end 46 or the entirety of the guide
slots 42 can extend at an acute angle relative to the driver axis 38. In some cases,
this acute angle can be between 10 degrees and 25 degrees. In some cases, this
acute angle can be between 15 degrees and 20 degrees; and in some cases, this
acute angle can be 18 degrees. This angle can also be referred to as the attack angle
at which the flywheel 34 engages the driver 26.

[0045] The electromagnetic actuator 30 of the drive motor assembly 16 can
operate to move the tlywheel carriage 88 and flywheel 34 along the guide slots 42
between their respective engaged positions and disengaged positions. As In the
llustrated embodiment, the electromagnetic actuator 30 can Include a permanent
magnet 56 carried by the flywheel carriage 88. When the electromagnetic actuator 30
IS not energized the permanent magnet 56 Is in an inactive state, and the permanent

magnet 56 can be attracted to the coll of the electromagnet 58 of the electromagnetic
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actuator 30 to retain the flywheel carriage 88 and flywheel 34 in their respective
disengaged positions along the guide slots 42. When the electromagnetic actuator 30
IS energized the electromagnet 56 is in an activated state, and the electromagnet 58
of the electromagnetic actuator 30 can repel the permanent magnet 56 to drive the
carriage 88 and the flywheel 34 into their respective engaged positions along the
guide slots 42.

[0046] Alternatively, the electromagnetic actuator 30 of the drive motor
assembly 16 can include a reciprocating rod (not shown), such as a solenoid that is
coupled to the flywheel carriage 88 to move the flywheel carriage 88 and flywheel 34
between their respective engaged and disengaged positions along the guide slots 42.

[0047] Generally, in response to appropriate signals, the control unit 28 can be
configured to energize the motor 32, causing the flywheel 34 to rotate, and when the
flywheel 34 Is rotating at its firing speed, to energize the electromagnetic actuator 30
to drive the carriage 88 and flywheel 34, such as provided by a flywheel engine 64,
from their respective disengaged to engaged positions along the guide slots 42. In
these engaged positions, the flywheel 34 engages the driver 26 to drive the driver 26
along the driver axis 38 and causing the driver 26 to engage and drive a fastener from
the tool 10 through the discharge opening 14 and into a workpiece (not shown).

[0048] The driver 26 can include a driver profile 52 and a driver blade 54. The
flywheel 34 can engage the driver 26 along a flywheel side of the driver profile 52.
The flywheel 34, such as one provided by a flywheel engine 64, can have outer
circumferential grooves 36 that mate with cooperating axial or longitudinal grooves 48
along the flywheel side of the driver profile 52. The cooperating or longitudinal
grooves of the flywheel side of the driver profile 52 define a flywheel engaging surface
profile that is uniform along the longitudinal flywheel engagement length of the driver
26. For example, the flywheel engaging surface profile does not vary or ramp up and
down along the longitudinal flywheel engagement length of the driver 26. These
cooperating grooves 36, 48 increase the frictional contact area between the flywheel
34 and the driver 26. The driver blade 54 engages and drives the fastener, such as a
nail, from the tool 10 as the driver 26 moves along the driver axis 38 toward the
discharge opening 14.

[0049] As In this example, the flywheel driven tastening tool 10 can include a
pair of pinch rollers 50 coupled to the frame 40. The pinch rollers 50 can be part of a

roller assembly 60 that includes a roller bracket or carriage 62, which can be coupled
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to the frame 40. The pinch rollers 50, roller carriage 62, and the roller assembly 60
can be coupled to the frame 40 in a fixed position relative to the frame 40.
Alternatively, the pinch rollers 50 can be pivotable or slidable relative to the frame 40
toward and away from the driver 26.

[0050] The pinch rollers 50 can be positioned on a pinch roller side of the driver
profile 52, which pinch roller side is opposite the flywheel side of the driver profile 52.
As a result, the driver profile 52 of the driver 26 can be disposed or sandwiched
between the flywheel 34 and the pair of pinch rollers 50. As the carriage 88 and
flywheel 34 move from their disengaged position to their engaged position, the
flywheel 34 engages the driver profile 52 and pinches it between the flywheel 34 and
the pinch rollers 50. Alternatively, the pinch rollers 50 can move relative to the frame
40 to an engaged position to pinch the driver profile 52 of the driver 26 against the
flywheel 34, with or without movement of the flywheel 34 relative to the frame 40. The
pinching action provided by the flywheel 34 and pinch rollers 50 facilitates efficient
transfer of energy from the flywheel 34 to the driver 26.

[0051] The pinch roller side of the driver profile 52, can have a pinch roller
engaging surface profile that is uniform along a longitudinal pinch roller engagement
length thereof. For example, the flywheel engaging surface profile does not vary or
ramp up and down along the longitudinal roller engagement length of the driver 26.

[0052] The pair of pinch rollers 50 each have a roller axis 66 about which each
rotates and the flywheel 34 has a flywheel axis 68 about which it rotates. A plane 70 that
extends along the flywheel axis 68 and that extends perpendicular to the driver axis 38
can be located between the roller axis 66 of each of the pair of pinch rollers 50 as
shown In Fig. 2. In addition, the plane 70 can be located between and parallel to the
pair of roller axes 66 of the pair of pinch rollers 50 throughout engagement of the
flywheel 34 and the pinch rollers 50 with the driver 26. As a result of each roller axis
of rotation 66 being on opposite sides of the plane 70 and of the flywheel axis 68, the
pair of pinch rollers 50 operate to keep the driver 26 aligned with the driver axis 38
during its engagement with the flywheel 34 and pinch rollers 50, which in turn helps
minimize unwanted flexing of the driver blade 54 of the driver 26.

[0053] In some cases, a distance between the pair of roller axes 66 can be 40%
or less than a longitudinal engagement length of the driver profile 52. In some cases,
the distance between the pair of roller axes 66 can be 30% or less than the

longitudinal engagement length of the driver profile 52. In some cases, the distance
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between the pair of roller axes 66 can be 20% or less than the longitudinal
engagement length of the driver profile 52. As used herein, the longitudinal
engagement length of the driver profile 52 means the overall longitudinal length along
which the flywheel 34 contacts the driver profile 52 during operation of the tool.

[0054] As In this example, the flywheel driven tastening tool 10 can include a
driver return assembly 50 coupled to the frame 40. The driver return assembly 50 can
iInclude a spring 72 and a pivoting linkage 74 providing a coupling between the spring
/2 and a trailing end of the driver 26. The driver 26 can be guided along the driver
axis 38 by a pair of guide rails 84 as the driver 26 moves between an extended
position (e.g., Fig. 5) and a return or home position (e.qg., Fig. 4).

[0055] As in this example the spring 72 can be a torsion spring, and the pivoting
linkage 74 can include two link arms 76, /8. For example, first link arm 76 can be
pivotable about an axis 94 of the torsion spring 72 and can be coupled between the
torsion spring 72 and a second link arm 78. The second link arm 78 can be pivotably
coupled to and between the first link arm 76 and a trailing end of the driver profile 52
of the driver 26. A fixed spring end 82 can be fixedly coupled to the frame 40 and a
moving spring end 80 can be coupled to the first link arm 76 to bias the pivoting
linkage 74 and the driver 26 into their respective return or home positions. The first
link arm 76 can have an L-shape or hockey stick shape, for example.

[0056] As in the example illustrated in Figs. 7A and 7B, the pivoting linkage 74
can be a single link arm 76 that includes a slot 82 at one end through which a
protruding pin 96 of the trailing end of the driver 26 is disposed. The single link arm
/6 of the pivoting linkage 74 can be pivotable about an axis 94 of the torsion spring 72
with the moving spring end 80 coupled thereto. The slot 82 enables the pivoting
motion of the single link arm 76 of the pivoting linkage 74 to be converted to the linear
motion of the driver 26 along the guide rails 62 as the single link arm 76 of the pivoting
linkage 74 pivots and the driver 26 moves along the driver axis 38.

[0057] As in the example illustrated in Fig. 8, the spring 72 can be an expansion
spring. The expansion spring 72 can be coupled between the single link arm 76 of the
pivoting linkage 74 and the frame 40.

[0058] As in the examples of Figs. 7A, 7B, and 8, the flywheel carriage 88 can
be a pivoting carriage 88, which pivots about a pivot axis 86. The actuator 30 can
operate to pivot the carriage 88 clockwise (as oriented in Figs, 7A, 7B, and 8) to bring

the flywheel 34 into contact with the driver profile 52 of the driver 26.
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[0059] With respect to an X, Y, Z three dimensional coordinate system and the
example embodiments illustrated and described herein, the driver axis 38 and
longitudinal direction of the driver 26 are each oriented or extend in the X direction.
Each of the flywheel axis 68 of rotation, the roller axes 66 of rotation, the axis of
rotation or central axis of the axles 90, the axis of rotation of the wheels or bearings
92, the axis 94 of the torsion spring 72, and a pivot axis 86 of the pivoting flywheel
carriage 88 are oriented or extend in the Z direction, and the plane 70 is oriented or
extends in the Z and Y directions.

[0060] As used herein, a “single pivot arm” means one and only one pivot arm.
Although the single pivot arm can be made up of multiple parts, a single pivot arm
does not include multiple arms or sections between its coupling ends that pivot
relative to each other.

[0061] While the fastening tool is illustrated as being electrically powered by a
suitable power supply or energy storage device, such as the battery pack, those
skilled in the art will appreciate that the disclosure, Iin its broader aspects, may be
constructed somewhat differently and that aspects of the present disclosure may have
applicability to pneumatically powered fastening tools. Furthermore, while aspects of
the present disclosure are described herein and illustrated in the accompanying
drawings In the context of a fastening tool, those of ordinary skill in the art will
appreciate that the disclosure, In its broadest aspects, has further applicability. For
example, the drive motor assembly may also be employed Iin various other
mechanisms that use reciprocating motion, including rotary hammers, hole forming
tools, such as punches, and riveting tools, such as those that install deformation
rivets.

[0062] It will be appreciated that the above description iIs merely exemplary in
nature and is not intended to limit the present disclosure, its application or uses.
While specitic examples have been described in the specification and illustrated in the
drawings, It will be understood by those of ordinary skill in the art that various changes
may be made and equivalents may be substituted for elements thereof without
departing from the scope of the present disclosure. Furthermore, the mixing and
matching of features, elements and/or functions between various examples and
between the appended claims Is expressly contemplated herein, even Iif not
specifically shown or described, so that one of ordinary skill in the art would

appreciate from this disclosure that features, elements and/or functions of one
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example or claim may be incorporated into another example or claim as appropriate,
unless described otherwise, above. Moreover, many modifications may be made to
adapt a particular situation or material to the teachings of the present disclosure
without departing from the essential scope thereot. Therefore, it Is intended that the
present disclosure not be limited to the particular examples illustrated by the drawings
and described In the specification as the best mode presently contemplated for
carrying out the teachings of the present disclosure, but that the scope of the present

disclosure will include any embodiments falling within the foregoing description.
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CLAIMS

What is claimed is:

1. A flywheel driven fastening tool comprising:

a fastener driver drivable along a driver axis,;

a flywheel driven by an electric motor;

a flywheel carriage on which the flywheel is mounted, and the flywheel carriage
iIncluding a pair of axles;

a tool frame including two pairs of guide slots with opposite ends of each of the
pair of axles positioned within the two pairs of guide slots;

wherein the flywheel carriage i1s movable along the two pairs of guide slots
between a disengaged position in which the flywheel is spaced from the fastener
driver and an engaged position in which the flywheel is engaged with the fastener

driver to drive the fastener driver along a driver axis.

2. The flywheel driven fastening tool according to claim 1, wherein at least
engagement ends of the two pairs of guide slots extend linearly and are aligned with

each other in a common plane.

3. The flywheel driven fastening tool according to claim 2, wherein the
common plane extends at an acute angle relative to the driver axis that is between 10

and 25 degrees.

4. The flywheel driven tastening tool according to claim 1, wherein the two
pairs of guide slots extends linearly and are aligned with each other in a common
plane to guide each of the pair of axles of the flywheel carriage along the common
plane as the flywheel carriage moves between the engaged position and the

disengaged position.
D. The flywheel driven fastening tool according to claim 4, wherein the

common plane extends at an acute angle relative to the driver axis that is between 10

and 25 degrees.
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6. The flywheel driven fastening tool according to any one of claims 1-5,
wherein a bearing is mounted on the opposite ends of each of the pair of axles, and
the bearing rotates as the flywheel carriage moves along the two pairs of guide slots

between the engaged position and the disengaged position.

/. The flywheel driven fastening tool according to any one of claims 1-6,
further comprising a nosepiece assembly including a fastener discharge opening,
wherein the flywheel is positioned closer to a fastener discharge opening of a
nosepiece assembly and spaced from the fastener driver in the disengaged position,
and Is positioned farther from the fastener discharge opening and in contact with the

fastener driver in the engaged position.

8. The tlywheel driven fastening tool according to any one of claims 1-7,
wherein the flywheel carriage includes a permanent magnet that is operable to retain

the tlywheel carriage in the disengaged position.

9. The flywheel driven fastening tool according to any one of claims 1-7,
further comprising an electromagnetic actuator that is operable to move the flywheel
carriage along the two pairs of guide slots between the engaged position and the

disengaged position.

10.  The flywheel driven fastening tool according to claim 9, wherein the
electromagnetic actuator includes a permanent magnet mounted on the flywheel
carriage and an electromagnet, and the electromagnet having an activated state In
which the permanent magnet is repelled by the electromagnet to move the flywheel
carriage from the disengaged position to the engaged position along the two pairs of

guide slots.

11.  The flywheel driven fastening tool according to claim 10, wherein the
electromagnet has an inactive state in which the permanent magnet is attracted to a
core of the electromagnet to retain the flywheel carriage in the disengaged position

along the two pairs of guide slots.
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12.  The tlywheel driven fastening tool according to any one of claims 1-11,
wherein the both the flywheel and the electric motor are mounted on the flywheel

carriage.

13.  The flywheel driven fastening tool according to any one of claims 1-11,
wherein the flywheel and the electric motor are provided as a tflywheel engine in which
the flywheel and electric motor are integrated together into a single unit that is

mounted on the flywheel carriage.

14.  The flywheel driven fastening tool according to claim 13, wherein the
flywheel engine comprises brushless motor with an outer rotor, and the outer rotor of

the brushless motor includes the flywheel.

15.  The tlywheel driven fastening tool according to any one of claims 1-14,
wherein the flywheel driven fastening tool is an electric cordless fastening tool,
iIncluding a battery mounted to a tool housing and electrically coupled to the electric

MOotor.

16.  The flywheel driven fastening tool according to claim 15, wherein the
electric cordless fastening tool is an electric cordless nailer, and the fastener driver is

a nall driver.

17.  The flywheel driven fastening tool according to any one of claims 1-16,
wherein the fastener driver includes a driver profile and a driver blade, and the
flywheel is engageable with a flywheel side of the driver profile along a longitudinal
flywheel engagement length; and the flywheel driven fastening tool further comprises:

a pair of pinch rollers coupled to the tool frame and engageable with a pinch
roller side of the driver profile that is opposite the flywheel side along a longitudinal
roller engagement length of the pinch roller side of the driver profile;

wherein a plane aligned with an axis of rotation of the flywheel and oriented
perpendicular to the driver axis is located between an axis of rotation of each of the
pair of pinch rollers throughout engagement of the flywheel with the driver along the

longitudinal flywheel engagement length.
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18.  The flywheel driven fastening tool according to claim 17, wherein the
axis of rotation of each of the pair of pinch rollers are spaced a longitudinal distance
from each other that is 35% or less of the longitudinal flywheel engagement length of

the driver protfile.

19.  The flywheel driven fastening tool according to any one of claims 17 and
18, wherein the flywheel side of the driver profile has a flywheel engaging surface

profile that is uniform along the longitudinal flywheel engagement length.

20.  The flywheel driven fastening tool according to any one of claims 17-19,
wherein the pinch roller side of the driver profile has a roller engaging surface profile

that is uniform along the longitudinal roller engagement length.

21.  The flywheel driven tastening tool according to any one of claims 17-20,
wherein each the axis of rotation of each of the pair of pinch rollers iIs fixedly

positioned with respect to the tool frame.

22. The flywheel driven fastening tool according to any one of claims 17-21,
wherein the pair of pinch rollers are mounted to a roller carriage that is coupled to the

tool frame.

23. The tlywheel driven fastening tool according to claim 22, wherein the

roller carriage is fixedly positioned relative to the tool frame.

24.  The tlywheel driven fastening tool according to any one of claims 1-23,
further comprising a driver return assembly including:

a pivoting linkage that is pivotably coupled to the tool frame at a first end of the
pivoting linkage and that is coupled to the fastener driver at a second end of the
pivoting linkage, and the second end is opposite the first end of the pivoting linkage;
and

a spring having a fixed spring end coupled to the tool frame and a moving

spring end coupled to the pivoting linkage.
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25.  The flywheel driven fastening tool according to claim 24, wherein the

spring Is a torsion spring.

26. The flywheel driven fastening tool according to claim 25, wherein the
5  torsion spring is positioned around a spring axis, and the pivoting linkage is coupled to

the tool frame to pivot at the spring axis.

2/7. The flywheel driven fastening tool according to claim 24, wherein the
spring Is an expansion spring.
10
28.  The tlywheel driven fastening tool according to any one of claims 24-27,
wherein the pivoting linkage includes a first link arm pivotably coupled to a second link
arm, and the first end of the pivoting linkage Is a proximal end of the first link arm, and
the second end of the pivoting linkage Is a distal end of the second link arm.
15
29.  The flywheel driven fastening tool according to any one of claims 24-28,
wherein the second end of the pivoting linkage includes an elongated slot, and a pin of
the fastener driver extends into the elongated slot to couple the second end of the
pivoting linkage to the fastener driver.
20
30. The flywheel driven fastening tool according to any one of claims 24-27,
wherein the second end of the pivoting linkage includes an elongated slot, and a pin of
the fastener driver extends into the elongated slot to couple the second end of the
pivoting linkage to the fastener driver, and wherein the pivoting linkage comprises a
25 single pivot arm including both the first end and the second end of the pivoting

linkage.

31. A tlywheel driven fastening tool comprising:
a fastener driver drivable along a driver axis, and the fastener driver including a
30 driver profile and a driver blade;
a flywheel coupled to a tool frame and driven by an electric motor, and the
flywheel being engageable with a flywheel side of the driver profile along a longitudinal

flywheel engagement length; and
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a pair of pinch rollers coupled to the tool frame and being engageable with a
pinch roller side of the driver profile that is opposite the flywheel side along a
longitudinal roller engagement length of the pinch roller side of the driver profile;

wherein a plane aligned with an axis of rotation of the flywheel and oriented
perpendicular to the driver axis is located between an axis of rotation of each of the
pair of pinch rollers throughout engagement of the flywheel with the fastener driver

along the longitudinal flywheel engagement length.

32. The flywheel driven fastening tool according to claim 31, wherein the
axes of rotation of the pair of pinch rollers are spaced a longitudinal distance from
each other that is 35% or less of the longitudinal flywheel engagement length of the

driver profile.

33. The flywheel driven fastening tool according to any one of claims 31 and
32, wherein the tlywheel side of the driver profile has a tflywheel engaging surface

profile that is uniform along the longitudinal flywheel engagement length.

34. The flywheel driven fastening tool according to any one of claims 31-33,
wherein the pinch roller side of the driver profile has a roller engaging surface profile

that is uniform along the longitudinal roller engagement length.

35. The flywheel driven tastening tool according to any one of claims 31-34,
wherein the axis of rotation of each of the pair of pinch rollers is fixedly positioned with

respect to the tool frame.

36. The flywheel driven fastening tool according to any one of claims 31-35,
wherein the pair of pinch rollers are mounted to a roller carriage that is coupled to the

tool frame.

37. The flywheel driven fastening tool according to claim 36, wherein the

roller carriage Is fixedly positioned relative to the tool frame.
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38. The flywheel driven tfastening tool according to any one of claims 31-37,
wherein the flywheel driven fastening tool is an electric cordless fastening tool,

iIncluding a battery mounted to a tool housing and electrically coupled to the motor.

39. The flywheel driven fastening tool according to claim 38, wherein the
electric cordless fastening tool is an electric cordless nailer, and the fastener driver is

a nall driver.

40. The flywheel driven fastening tool according to any one of claims 31-39,
further comprising a driver return assembly including:

a pivoting linkage that is pivotably coupled to the tool frame at a first end of the
pivoting linkage and that is coupled to the fastener driver at a second end of the
pivoting linkage, which second end is opposite the first end of the pivoting linkage; and

a spring having a fixed spring end coupled to the tool frame and a moving

spring end coupled to the pivoting linkage.

41.  The flywheel driven fastening tool according to claim 40, wherein the

spring Is a torsion spring.

42.  The flywheel driven fastening tool according to claim 41, wherein the
torsion spring is positioned around a spring axis, and the pivoting linkage is coupled to

the tool frame to pivot at the spring axis.

43. The ftlywheel driven fastening tool according to claim 40, wherein the

spring Is an expansion spring.

44.  The flywheel driven tfastening tool according to any one of claims 40-43,
wherein the pivoting linkage includes a first link arm pivotably coupled to a second link
arm, and the first end of the pivoting linkage Is a proximal end of the first link arm, and

the second end of the pivoting linkage Is a distal end of the second link arm.

45.  The flywheel driven fastening tool according to any one of claims 40-44,

wherein the second end of the pivoting linkage includes an elongated slot, and a pin of
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the fastener driver extends into the elongated slot to couple the second end of the
pivoting linkage to the fastener driver.

46. The flywheel driven tastening tool according to any one of claims 40-43,
wherein the second end of the pivoting linkage includes an elongated slot, and a pin of
the fastener driver extends into the elongated slot to couple the second end of the
pivoting linkage to the fastener driver, and wherein the pivoting linkage comprises a

single pivot arm including both the first end and the second end of the pivoting
linkage.
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