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(57) Abstract: The present invention seeks to protect
Applicant's HYTORC® Z® System which involves:
tools having multi-speed / multi-torque modes with
torque multiplication and vibration mechanisms
without use of external reaction abutments; a force
transfer means to yield in-line co-axial action and re-
action for use with such tools; driving means and shift-
ing means capable of attaching to washers under the
nut for use with such tools and force transfer means;
associated washers for use with such tools, force trans-
fer means and driving means; and related accessories
for use with such tools, force transfer means, driving
means and washers, HYTORC® Z® Washers located
under nuts or bolt heads of various types having en-
gageable perimeters of multiple shapes, sizes, geomet-
ries and serrations, such as washer/fastener radius en-
gagement differentials, and frictionally biased faces
with relatively higher friction against the flange sur-
face and relatively lower friction against the nut, such
as friction coefficient increasing treatment means of
various types, sizes and locations. HYTORC Z® Guns
incorporating a powerful impact mechanism and a pre-
cise torque multiplier in the same tool combining rapid
run-down with calibrated torque. HYTORC® Z® Sock-
ets with dual drive coaxial action and reaction having
outer sleeves to react on Z® Washers and an inner

sleeves to turn nuts or bolt heads. HYTORC® Z® Spline Adapters and Reaction Plates for backwards compatibility with HYTORC®s
torque/tension systems including the AVANTI® square drive system, the STEALTH® limited clearance system, the pneumatic

JGUNP® series, the FLASH® Gun electric multiplier and more. HY TORC® Z® Washer and HYTORC® Friction Washer™ combina-

tion including a dual friction-enhanced face washer for counter-torque under a nut or bolt head on the other side of the joint; and
HYTORC® Z® Dual Drive Offset Links for tight clearances while using HY TORC*®s torque/tension systems. Z®-Squirter® Washers,
HYTORC® Z® Washer and Nut Assemblies, Tapered Fastener Assemblies, Tapered Torsional Couplings, Two-Part Tapered Nut As-
semblies and any combinations thereot are further disclosed.
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Title: APPARATUS FOR TIGHTENING THREADED FASTENERS

inventor(s). John K. JUNKERS, Eric P. JUNKERS, Michael F. DOLAN, David
LAY and Xiaoxing ZHANG

Cross Reference io Relaled Applications and Patents

This Application either claims priordy o andfor is either a continuation patent
application or a continuation-in-part application of the foliowing commonly owned
and/or co-pending patent applications, entire copies of which are incorporated
herein by reference: Patent Cooperation Treaty Application Senal No.
PCT/US2014/70996, having Filing Date of 17 December 2014, entitled
‘APPARATUS FOR TIGHTENING THREADED FASTENERS”, which claims
priories to U.S. Application Serial No. 62/012 009, having Filing Date of 13 June
2014, entitied "APPARATUS FOR TIGHTENING THREADED FASTENERS,
Patent Cooperation Treaty Application Serial No. PCT/US2014/035375, having
Filing Date of 24 April 2014, entitied "APPARATUS FOR TIGHTENING
THREADED FASTENERS", U.5. Application Serial No. £1/940,919, having Filing
Date of 18 February 2014, entitled "APPARATUS FOR TIGHTENING
THREADED FASTENERS”, U.S. Application Serial No. 81/916,928, having Filing
Date of 17 December 2013, entitled “APPARATUS FOR TIGHTENING
THREADED FASTENERS", U.S. Application Serial No. 13/577,885, having Filing
Date of 9 August 2012, entitled "APPARATUS FOR TIGHTENING THREADED
CONNECTORS®, and U.S. Application Serial No. 13/113,693, having Filing Date
of 23 May 2011, entitled “METHOD FOR TIGHTENING AND LOOSENING
THREADED FASTENERS”, Patent Cooperation Treaty Application Serial No.
PCT/US2014/71000, having Filing Date of 17 December 2014, entitled
“APPARATUS FOR TIGHTENING THREADED FASTENERS”, which claims
priorities to U.S. Application Serial No. 62/012,008, having Filing Date of 13 June
2014, entitied "APPARATUS FOR TIGHTENING THREADED FASTENERS”,
Patent Cooperation Trealy Application Sertal No. PCT/US2014/035375, having
Filing Dale of 24 April 2014, entitled “"APPARATUS FOR TIGHTENING
THREADED FASTENERS”, U.S. Application Serial No. 61/940,918, having Filing
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Date of 18 February 2014, entitled "APPARATUS FOR TIGHTENING
THREADED FASTENERS", and U.S. Application Serial No. 61/816,926, having
Fiing Date of 17 December 2013, entitled "APPARATUS FOR TIGHTENING
THREADED FASTENERS”, U.S. Application Serial No. 13/577 985, having Filing
Date of 9 August 2012, entitled “APPARATUS FOR TIGHTENING THREADED
FASTENERS", which claims prionity to Patent Cooperation Treaty Application
Serial No. PCT/IB2011/001018, having Filing Date of 9 February 2011, entitled
"APPARATUS FOR TIGHTENING THREADED FASTENERS", which claims
priorities to U.S. Appiication Serial Nos. 61/430,105 and 61/302,598, having
Filing Dates of 5 January 2011 and 8 February 2010, both entitled “APPARATUS
FOR TIGHTENING THREADED FASTENERS", U.S. Application Serial No.
13/814,229, having 371 (c)(1) (2} (4) date of 27 March 2013, entitled "Apparatus
for Tightening Threaded Fasteners”, which claims prionty to Patent Cooperation
Treaty Application Serial No. PCT/US2012/023683, having Filing Date of 2
February 2012, entitied “APPARATUS FOR TIGHTENING THREADED
FASTENERS", which claims pricrity to Patent Cooperation Treaty Application
Serial No. PCT/IB2011/002658, having Filing Date of 2 August 2011, entitied
"APPARATUS FOR TIGHTENING THREADED FASTENERS”, which claims
priorities to U.S. Application Serial. No. 81/370,015, having Filing Date of 2
August 2010, entitied "Conical Geometry for Torsion Coupling During Bolting™:
U.S. Application Senal No. 62/153,618, having Filing Date of 28 Aprit 2015,
entitted "APPARATUS FOR TIGHTENING THREADED FASTENERS"; and/or
U.S. Application Serial No. 62/302,383, having Filing Date of 2 March 2018,
entitled "APPARATUS FOR TIGHTENING THREADED FASTENERS”,

This Application is related to the following patent(s), entire copies of which are
incorporated herein by reference: U.S. Patent No. 5,931,818, having tssue Date
of 3 August 1989, entitled "DIRECT TENSION INDICATING WASHERS", which
is a continuation of U.8. Patent No. 5,789,581, having lssue Date of 23 June
1898, entitled "DIRECT TENSION INDICATING WASHERS", U.S. Patent No.
6,425,718, having issue Date of 30 July 2002, entitied "DIRECT MULTI-
TENSION INDICATING WASHER HAVING BUMPS OF A FIRST AND SECOND
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HEIGHT", U.S. Patent No. 8,002,641, having Issue Date of 23 August 2011,
entitled "METHOD OF MAKING DIRECT TENSION INDICATING WASHERS”,
U.S. Patent No. 8,078,785, having Issue Date of 20 December 2011, entitied
“WASHER FOR TIGHTENING AND LOOSENING THREADED CONNECTORSY,
U.8. Patent No. 8,878,232, having issue Date of 17 March 2015, entitled
‘METHOD FOR TIGHTENING AND LOOSENING THREADED CONNECTORS”,
U.S. Patent No. 5,137,408, having Filing Date of December 3, 1891, entitied
‘Fastening Device”; U.S. Patent No. 5,318,387, having Filing Date of May 7,
1992, eniitled “Mechanical Tensioner”, U.S. Patent No. 5,622 465, having Filing
Date of April 26, 1896, entitled “Lock Nut™ U.S. Patent No. 5640749, having
Filing Date of June 13, 1995, entitied "Method Of And Device For Elongating And
Relaxing A Stud”; U.S. Patent No. 5,888,041, having Filing Date of October 17,
1897, entitled “Lock Nut”, 1.8, Patent No. 6,254,322, having Filing Date of March
3, 1998, entitled “Bolt With A Bolt Member, A Washer And A Sleeve For Applying
Forces To The Bolt Member And The Sleeve™ et al.,

Background
Threaded fasteners including bolts, siuds, nuts and washears are known and used

in traditional bolting applications. Maintenance and repair of industrial
applications begin with toosening of and end with tightening of these threaded
fasteners. Naturally mdustry seeks to reduce production loss during routine,

unforeseen and/or emergency maintenance and/or repair.

Mechanical fastening with helically threaded components is typically achieved
with bolls, studs, screws, nuts and washers. Washers are thin members that can
be placed belween the fastener and the fasiened component. Washers are
typically used to prevent frictional damage (o assembled components. Washers
are also commonly used to distribute stresses evenly and to control friction

losses.

Conventional nuts are normally made from a single piece of contiguous and

homagenous steel. The external geametries normally have rotational coupling
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features so that they can be tightened by forgueing with an external mating
device or tool, The most common rotational coupling feature is a8 haxagon, but
any other rotational coupling means i8 possible including features like squares,
multiples hexes, slots, splines, grooves or holes. Nuts normally have an inside
diameter that is helically threaded to mate with a stud’s thread, which allows the
nut {0 translate on the stud with only relative rotational movement between the
stud and nut. In other words, they are used to retain and or deliver load to an

extemally threaded fastener.

There are two methods of tightening and/or loosening a threaded fasiener,
torque and tension. Until Applicant’s innovations, however, it was not possible to
perform hydraulic torqueing and hydraulic tensioning with the same tool

Operators nesded separate tools to torque and tension threaded fasteners.

Torque has benefits in that it can be applied {o most existing threaded fasteners;
is accurate within five percent {5%) of pre-calculated turning resistance of nut;
avoids uninfended [cosening, assures more even circumferential bolt load than
tension; and overcomes uneven lubrication applications, foreign particutate
underneath the nut or on top of the flange and minor thread damage. Torgue,
however, has detriments in that it s subject to thread friction and facial friction,
both of which are unknown, requires use of back-up wrench applied to the nut on
the other side of the application to keep still the bottom portion of the threaded
fastener; results in unknown residual bolt load; and is subject to bolt torsion and
side load, both of which adversely affect bolting applications. Sustainable and
accurate use of torque in bolting requires establishing thread and bearing facial
frictions and sliminating torsion and side load.

Tension has benefits in that it is torsion- and side load-free. Tension, however,
has detriments in that it requires the bolt to stick out by at least its diameter over
and about the nut, so that it can be pulled upwards by a tensioner, which ofien
necessitates bolt and nut replacement; is accurate only within 25% of assumed

turning resistance; yields unpredictable, manual nut seating, is subject 1o thread
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friction and facial friction, both of which are unknown; often over puils, not
strefiches the fastener, rasults in uncontrollable fastener relaxation due {o load
transfer from puller; and results in unknown residual bolt load. Sustainable and
accurate use of tension in bolling requires eliminating stud/bolt pulling and load

transfer.

Torque power tools are known in the arl and include those pneumatically,
aleclrically and hydrautlically driven. Torque power tools produce a turning force
to tighten andfor loosen the threaded fastener and an equal and opposite
reaction force. Hydraulic tensioners use a puller 1o apply hydraulic pressure to
the bolt, which is usually results v a 10%-20% higher than desired bolt
elongation, causing the stud to be over pulled. Then the nut is hand tightened
untit snug, the pressure on the cylinder is released, the stud springs back; and
the load is transferred from the bridge to the nut thereby compressing the joint

with clamping force.

Related o torque, traditional reaction fixtures abut against viable and accessible
stationary objects, such as adjacent fasteners, to stop the housing of the ool
from turning backward while the fasiener tums forward. This abuiment force
applies a pulling force, or side load, perpendicular to the bolt axis on the nut {o be
ightened or loosened. The reaction force of square drive tools travels through
the reaction arm trying to twist off the cyiinder end of the tool andfor bend the
gdrive. Note Applicant’s innovation in coaxial reaction force transfer found in the
HYTORCT AVANTI®. Evolution of traditional reaction fixiures of the prior art are
disciosed, for example, in Applicant's U.S. Patent Nos.: 4,671,142, 4,708,526,
5016,502; Re. 33,951, 6,152,243, D500060; and 7,765,885, entire copies of
which are incorporated herein by reference.

industry has been moving away from cumbersome and complicated hydraulic
tensioners, vet also from torqueing due to the lorsion and side load applied to the

fastener. Indeed mechanical tensioning is quite popular.
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Applicant advanced botting and solved many bolting chatllenges with its HYTORC
NUT™ mechanical tensioner product lines and drivers and iools for use
therewith. The HYTORC NUT™ is an example of a self-reacting nut and includes
an inner sieeve, an outer sleeve and a washer. i uses the washer as a reaction
point for the application of input torque to the outer sleeve. In a self-reacting
fastener the outer sleeve functions as the nut while the inner sleeve becomes an
extension of the stud and is rotationally coupled with the washer. This rolational
coupling prevents sliding motion between the inner sleeve and stud threads
during the application of toraue to the outer sleasve. Self-reacting nuts with the
same exiemal geomelry as conventional nuts suffer from higher bearing surface
stresses. The bearing surface siresses are higher because the outer sleeve
inside diameter is increased {o allow space for the inner sleeve causing a thinner

wall thickness than standard nuts.

Additionally devices of coupling or mating a reaction or an output shaft of a
torque output device to fasteners used in bolling also are known. Self-reacting
three-piece mechanical tensioner fasteners typically have spline, hex or square
features to allow torsion coupling with the reaction member of the torgue nput
device. This is achieved with machined rotational interferences between two
paris. The interference is typically created with a male and female engagement
between any two mating features that prevent rotation between the two parts.

Applicant advanced bolling and solved many bolting challenges with its HYTORC
SMARTSTUD™ machanical tensioner product lines and drivers and tools for use
therewlth. The MHYTORC SMARTSTUD™ is an example of a three-piece
mechanical tepsioning stud device. They consist of a stud, nut and washer. The
stud has external threads on both ends. Under the upper thread the stud will also
have a spline or other geomelry {0 create a rofational coupling with the nner
diameter of the washer. The topside of the stud will alse have a spline or other
geometry to aliow rotational coupling with the reaction shaft of the torque input
device. The nut is internally threaded to mate with the threads on the topside of
stud. The nut will have a spline or other geomelry to allow the introduction of

torque from torque input device. The washer nas an internal geometry that will
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mate rotationally with the spline or other geomeltry under the top thread of the
stud.

in bolting applications stresses are typically near the elastic limits of the
materials. The reaction feature that couples the HYTORC SMARTSTUD™ io the
torque input device typicaily has to be oversized to prevent elastic material
failures. Therefore it 15 not possible with known coupling features o cary the
high magnitude of torque with an internal feature such as a square, hexagon or
internal spline hole in the top surface of the stud. Consequently bolting
applications that are subject to high stress must have an exiernaf feature on the
topside of the stud that will allow the couptling of a sufficiently sized reaction shaft

from the lorgue mnput device.

In other words, the HYTORC NUT™ has two sleeves, one inside the other,
whereby the inner sleeve is connected with a splined washer to allow an axial
movement of the inner sleave only. It is screwed onto a stud or bolt as a unit. A
proprietary driver holds onto the inner sleeve and turns the cuter sleeve. The
stud is drawn upward along with the mner sieeve and tensioned without over-
extension and spring-back, as with a hydraulic tensioner. The inner nut never
turns against the threads of the stud Under load, eliminating the possibility of bolt
thread galling or other damage. The HYTORC NUT™: mechanmcally utilizes the
action and reaction force of the tool during tightening and loosening, converts
torque to torsion-free bolt stretching rather than pulling as in tension; allows
precision bolt load calibration with accurate setling of and achieving of desired,
residual bolt elongation or load, as compared o torque; eliminates side-load,
torsion, load transfer and relaxation, reaction arms, backup wrenches, pullers
and bridges; eliminates bolt elongation measurements for criticat applications;
increases safety, error-free bolting, joint reliability and speed; cuts bolting times
by over 50%,; and works on all joinis without alteration. it improves torque and
tension by siretching bolts instead of pulling them preventing unsafe and fastener
and joint damaging mechanical rebound. The operator sets and achieves the bolt

load anywhere from 30% to 80% of the yield.
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Evolution of the HYTORC NUT™ and the HYTORC SMARTSTUD™ are
disclosed, for example, in Applicant's U.S. Patent Nos.: 5,318,387, 5,489 ,9558;
5,341 560; 5539,070; 5,538,379, 5640749, 5946,789; 6,152,243, 6,230,589;
8,254,323, 6,254,323, and 6,461,093, entire copies of which are incorporated

herein by reference.

The HYTORC NUT™ and the HYTORC SMARTSTUD™, however, has its set of
challenges. End users must replace standard nuts with precisely machined,
treated and lubricated units. Additionally the mner sleeve needs to be relatively
radially thick at the point of connection with the washer. Sometimes this
connection can hold the entire reachion force applied to the outer sleeve. In
addition, they are costly to produce and often difficult to sell to cost minimizing,
traditional bolting end-users. Further in some versions of the HYTORC NUT™,
the nut has to be made with two sleeves whose outside diameter has to meet the
outside diameter of a requiar nut, so both sleeves have less material than a
regular nut. This requires the use of high strength materials, which causes
reluctance on the part of the customers to change materials and fear of the
unknown. in other versions of the HYTORC NUT™, the bolt needs to be alterad,

which is costly and not easily acceptable by industry.

Applicant further advanced industrial bolting and solved many boiting challenges
with its HYTORC WASHER™ product lines and drivers and tools for use
therewith. The HYTORC WASHER™ was the first example of reaction washers
used as reaction points for torgueing nuts and bofts on helically threaded
fasteners. Reaction washers are positioned in the bolt or stud load path and
therefore always expernence the same and identical loading. in reaction washer
systems rotational forque is applied (o the top nut or bolt while the opposing
reaction torque is imparted on the reaction washer, The top nut or bolt and the
maling reaction washer expenence the same and identical load and forque.

Therefore only the frictional forces govern relative movement. The component
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with the fower friction coefficient will have a tendency to move while the other

comgponent will remamn relatively anchored.

The HYTORC WASHER™ self-reacting load washer has an inner thread
segment connected with the thread of a traditional bolt. 1t fits under a regular nut
and stops the bolt from turning, while providing a reaction point for the driving
tool. 1t is tightened with a proprietary dual socket. An outer socket holds on the
washer, and an inner socket turns the reguiar nut, thereby drawing the stud up
through the washer. The tool's reaction force is converted into -a holding force
that holds the HYTORC WASHER™ stationary. This keeps the segment and
thus the bolt stationary when the nut is being turnad uptil bolt elongation causes
an axial segment to move in the inside of the HYTORC WASHER™ It improves
torque and tension by stretching bolts instead of pulling them. The lack of load-

transfer-retaxation, or mechanical rebound, allows stretching to 90% of vield.

The HYTORC WASHER™: provides a known bearing facial friction for a more
even residual bolt load, requires no precision-machining of the spot face;
minimizes the torsion and side-locad of the bolling procedure; prevents the bolt
from turning along with the nut; creates straight axial boll stretch without the need
for reaction arms and back-Up wrenches; increases residual bolt load and
evenness of circumferential joint compression, reduces set-up time, increases
bolting speed; allows for bolting to become axially oriented and hands-free even
on inverted applicabions; increases bolting safety; and minimizes risk of fastener

and joint damage.

Evolution of the HYTORC WASHER™ product lines and drivers and tools for use
tnerewith is disclosed, for example, in Applicant's U.S. Patent Nos.. 6,490,952,
6,603,868, 6,928,439; 6,883,401; 6,986,298; 7,003,862; 7,066,053, 7,125,213,
7,188,552, 7,207,760, and 7,735,397, entire copies of which are incorporated

herein by reference.
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The HYTORC WASHER™, however, has ils set of challenges. it adds
unpecessary height {o bolting applications. End users often must replace
standard studs and bolts with longer versions due. to regulations reguiring two or
maore threads to protrude from the aut upon tightening. In addition, the HYTORC
WASHER™ is more costly o produce than traditional washers and often difficuit
to sell to cost minimizing, traditional bolting end-users. Furthermore the HYTORC
WASHER™ turns freely and in the opposite direction if the nut friction is higher.
During operation the HYTORC WASHER™ has two facial frictions and the nut
has a facial and a thread friction, so the overall friction of each is nearly identical,
which means that the HYTORC WASHER™ may tumn or the nut may turn. To
avoid this a pre-load is required which cannot be achieved if both the HYTORC
WASHER™ and nut are simuitaneously turned down. Finally despite elimination
of side load and torsion, corrosion still accumulates in the threads thereby not

eliminating thread galling.

Applicant further advanced industrial bolting and solved many bolting challenges
with its HYTORC SMARTWASHER ™ product lines and drivers and tools for use
therewith. This self-reacting all-purpose washer used for tightening and loosening
threaded connectors including a nut, a bolt having an axis and introduced nto an
object with interposition of the washer between the nut and the object so that a
firsi bearing face surface of the washer on one axial side cooperates with a nut
and a second bearing face surface of the washer on an opposite axial side
cooperates with the object. The washer includes: a radially outer body having a
radially inner opening adapted to be larger than a diameter of the bolt and a
radially outer surface adapted to absorb a reaction force of a tool; a radially inner
segment engageable with a thread of the boli, located radially inside the outer
body in the radially inner opening, and connectable to the outer body with a
limited axial frictional movement relative to the body; and a spacer adapted to be
located between the radially inner segment and the nut and located also radially
inside the outer body in the radially inner opening and axially spaced from the

radially inner segment. The outer body, the radially inner segment, and the

10
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spacer are assemble-able and disassembile-able from one another and are

usable jointly or individually.

Applicant used the radially outer body and the radially inner segment interposed
together between the nut and the object for applications when even and accurate
bolt elongation was necessary. When the nut is turned by the tool at the given
force the radially outer body raceives the given force in an opposite direction
from the tool. The radially outer body stands still while the radially iner segment
engaging with the thread of the bolt positively stops the bolt from turning. The
bolt only elongates or relaxes. In this case the washer composed of the radiaily

outer body and the radially inner segment functions as a tension washey.

Applicant used the radially outer body, the radially inner segment and the spacer
interposed between the nut and the object for applications when 3 precise bolt
elongation was needed and a bolt elongation must be controlled. When the nut is
turned by the tool at the given force the radially outer body receives the given
force in an opposite direction from the tool. The radially outer body stands still
while the radially inner segment engaging with the threads of the bolt positively
siops the bolt from turning. The bolt only elongaies or relaxes and at the same
time the radially inner segment moves axially while the spacer limits the axial
movement of the segment. In this case the washer composed of the radially
outer body, the radially inner segment, and the spacer functions as a hgh

precision washer.

Appticant used only the radially outer body of the washer interposed between the
nut and the object for regular applications when an even and accurate boit
glongation was not necessary. The radially outer surface of the body is used (o
absorb the equal and opposite reaction force when the tool applies the tuming
force to the nul. The nut turns but the radially outer body stands still, and in this
case the washer composed only of the radially outer body functions as a reaction

washer.

11



WO 2016/176518 PCT/US2016/029899

The HYTORC SMARTWASHER™ provides many of the advantages of the
HYTORC WASHER™ in a lower cost and more flexible package. Evolution of the
HYTORC SMARTWASHER™ product tines and drivers and tools for use
therewith is disclosed, for example, in Applicant’s U.S. Patent No. 8,078,795, an

entire copy of which is incorporated herein by reference.

The HYTORC SMARTWASHER™, however, has its set of challenges, similar to
those of the HYTORC WASHER™. It adds unnecessary height to boiting
applications. End users often must replace standard studs and bolts with longer
versions due o regulations requiring two or more threads to protrude from the
nut upon tightening. In addition, the HYTORC SMARTWASHER ™ is more costly
to produce than traditional washers and often difficult to sell {o cost minimizing,
traditional bolting end-users. Notably Applicant believed that even, accurate and
precise bolt elongation was not possible when only the radially outer body of the
HYTORC SMARTWASHER™ is used as a reaction washer. Additionally use of
the threaded insert with the radially outer body yielded even and accurate bolt
elongation but travel of the stud is limited to the washer thickness. Travel is
hindered further with use of the spacer. Finally despite elimination of side load
and torsion, corrosion shill accumulates in the threads thereby not eliminaiing

thread galling.

Furthermore the HYTORC SMARTWASHER™ turns freely and n the opposite
direction if the nut friction is higher. During operation the HYTORC
SMARTWASHER™ has two facial frictions and the nut has a facial and a thread
friction, so the overall friction of each is nearly identical, which means that the
HYTORC SMARTWASHER™ may tumn or the nut may turn. To avoid this a pre-
load is required which cannot be achieved # boitnh the HYTORC
SMARTWASHER ™ and nut are simuitanesously turned down.

With conventional reaction washer sysiems, lubricant must be applied o

selectively bias the washer {o remain still under higher frichon than the nut or

stud. This allows the stud or nut to turn and generate load through helical mating
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threads. The required lubricant biasing is an undesirable and difficult to control
step in the process of instaliing reaction washers. Even small amounts of
lubricant on a conventional reaction washer will have the adverse effect of
allowing the reaction washer {o turn or slip before the nut or bolt. When the
washer {urns before the helically threaded bolt or nut the system cannot generate
bolt load. Improper management of lubrication or {rictional surfaces often resulls

in inadvertent sliding or turning of conventional reaction washers.

Other examples of reaction washers in the prior ant include those disclosed in
U.S. Patent Nos. 7,462,007 and 7,857 566, entire copies of which are
incorporated herein by reference. These reaction washers are meant as
substifutes for jam nuts and Belleville washers as they resiliently deform under
load to store pre-load or live load energy. In most embodiments, the
incorporation of a threaded bore seeks to minimize side loading on the bolt. The
area that contacts the object of these concave and/or convex ceaction washers is
low compared to the total surface area of the bottem washer surface. A
threadless bore is disclosed in one embodiment. Friction enhancements include
protrusions, like the points of the hexagonal washer shape or planar knurled
extensions, which bite or dig wnito the object surface. A substantially flat reaction

washer is aiso disclosed having no friction enhancements,

Applicant made efforts to increase fastener rotation speeds in fluid operated
torque power lools. The HYTORC® XXI® is a fluid operated wrench having: a
fluig-operated drive ncluding a cylinder; a piston reciprocatingly movable in the
cylinder and having a piston rod with a piston rod end; a ratchet mechanism
having a raichet provided with a plurality of teeth; and at leas!t two pawls
operatably connectable with the piston rod end and engageable with a teeth of
the ratchet so that during an advance stroke of the piston one of the at teast two
pawls engages with at least one ratchet tooth while the other of the at least two
ralchefs over at least one ratchet tooth, while during a relurn stroke of the pision
the other of the at least two pawls engages with at least one raichet looth while

the one of the at least two pawls raichets over at least one raichet tooth. At least
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one of the at least two pawls is disengageable from and liftable above the ieeth
of the ratchet. The HYTORC® XXI® also includes a disengaging unit which is
activatable by an operator separately from the drive and can act on at least one
pawl g0 as {o distingush it from and lift it above the ratchet teeth. This anti-
backlash feature permits the ratchet to tumn backwards o release buildup torsion
and material flex, so that the fluid operated wrench can be taken off a2 job. The
HYTORC® XXI® is the first continuously rotating hydraulic wrench in the world.
That makes this tool up to three limes faster than any other wrench on the
market. Note that the benefits of the HYTORC NUT™ and the HYTORC
WASHER™ are accentuated when used with the HYTORC® XXI¥. The
HYTORC® XXI® is disclosed in Applicant's U.S. Patent No. 6,288,752, an entire

copy of which is incorporated herein by reference.

Applicant then applied its thorough understanding and innovation in torque power
tools to hand-held pneumatic torque mtensifying tools, specificaily by creating the
HYTORC? jGUN® product lines and drivers and tools for use therewitn. Applicant
markets thase tools under the trade names of HYTORC® jGUN® Single Speed,
Dual Speed and Dual Speed Pius. Once the nut hits the flange surface the
tuming degree to tighten or loosen it up is very littie. Customners desire high
tuming speeds to quickly run down or up nuts. Known impact wrenches, which
provided a high run down and run off speed, had disadvaniages of inaccuracy
and slow rotation once the nut hit the flange face. Conversely, known handheld
torque power tools were torque accurate, but refatively slow in run up and run
down of fasteners. Still they were much faster than impact guns once the nut was
turned on the flange face.

The motor housing n known handheld torque intensifying tools was ndependent
to the gear housing such that the torque could not exceed an operator's
arm/hand torgue resistance. Otherwise the tool's motor housing could not be held
and would spin in the cperator's hand. There were many molor driven torque
muttipliers in the market and some of them had two speed mechanisms, some of

them reacted on the bolt tip, which reguires special bolts, and others with a
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reaction arm. No matter what torqgue or speed was applied, ther gear housing
tumed in the opposite direction as the oufput shaft. At high speed, turning parts
in then existing handheld torque intensifying tools required bearings because the
gears and the output shaft turned so fast in the gear housing. High torgue

versions of such tools were too large and too heavy.

The HYTORC® jGUN® product iines includes a tool having a run down or run up
speed where the entire gear housing together with the inner gear assembly and
the output drive tumns at the same high speed in the same direction. The operator
simply switches the ool from applying a turning force to the gears and the output
shaft in one direction and simultaneously an opposite turning force to the gear
housing. Note that HYTORC NUT™ and HYTORC WASHER™ product lines and
drivers and tools for use therewith are compatible with the HYTORC® jGUN®
Dual Speed. For example, In a higher speed, lower torque embodiment of the
HYTORC® jGUN® Dual Speed the drive socket having the nut and the reaction
socket having the HYTORC WASHER™ always turmned together and af the same
higher speed and the same lower torgue. The HYTORC WASHER™ and the nut
are integrated as one unil by pins until the nut is seated on the HYTORC
WASHER™ . The torgue increases and the pins are disintegrated by shearing, s0
that the nut is turned with a higher torque and a lower speed while the HYTORC
WASHER™ becomes a stationary object and therefore a reaction poinl. The
integration of the HYTORC WASHER™ and a known nut is no longer acceptable
because pieces of the broken connection affect the coefficient of friction, can
cause thread galling and leave detrimental unwanted deposils at thread
interfaces.

When not used with the HYTORC WASHER ™ the HYTORC® jGUN® required
use of reaction fixtures to divert the reaction force generated during turning of the
nut, to a stationary object. The run down speed had to be limited to avoid the
reaction arm from being slammed aganst the adjacent nut al 2 high speed,
which could cause an accident if the operator's exiremities were in the way.

Abutment of a reaction arm s necessary for the low speed, high torque mode of
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operation to tighten or loosen fasteners. But the reaction arm is not desirable for
the high speed, low torque mode of operation -~ again to avoid accidents and
OSHA recordable situations.

Appticant applied its thorough understanding and innovation in torque power
tools having reaction fixtures and the HYTORC® JGUN® product lines to further
advance hand-held pneumatic torque intensifying tools. Applicant crealed the
HYTORC® FLIP-GUN® product lines and drivers and tools for use therewith. The
HYTORC® FLIP-GUN® includes a positionable reaction arm. When placed in a
first position, the torgue infensifier umit 1s swilched to a high speed, low torgue
mode and the reaction arm is usable as a handle by the operator while in &
perpendicular direction {0 the tool axis. When the reacltion arm (s placed in a
secand position coaxial to the tool axis the torque intensifier unit (s switched to
low speed, high torque mode and the reaction arm can abut agamnst a stationary

object since the high torgue can not be absorbed by the operator.

Often application characteristics adversely affect bolting jobs and inciude for
example corroded, unclean, kinked, debris-laden, burred, galled, irregular,
disorientied, misaligned and/or unevenly lubricated stud and nut threads and
surfaces. Often production loss is exacerbated by such adverse balting
application charactenstics. Naturally industry seeks lo reduce production loss

during routine, unforeseen andfor emergency maintanance and/or repair.

Applicant further innovated #s hand-held pneumatic torgue intensifying fools,
specifically by creating the HYTORC® THRILL® product lines and drivers and
tools for use therewith. The HYTORC® THRILL® is a handheld duat mode power
driven torque intensifier tool which operates in reaction-free and reaction-
assisted tightening and loosening of industrial fasteners. it includes: a motor (o
generate a turning force fo lrn the fastener; a turning force muiltiplication
mechanism for a lower speed/higher lorque mode including a plurality of turning
force mulliphication transmifters, a turning force impaction mechanism for a

higher speed/lower torque mode including a plurality of wurning force impaction
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fransmitters; a housing operatively connected with at least one muitiplication
transmitter; a reaction arm to transfer a reaction force generated on the housing
during the lower speed/higher torque mode to a stationary object; whergin during
the lower speed/higher torque mode at least two multiplication transmitters rotate
relative to the other; and wherein during the higher speed/lower torgue mode at
least two multiplication transmitters are unitary to achieve a hammering motion
from the impaction mechanism. Advantageously the HYTORC® THRILL®:
minimizes operator vibration exposure; provides high rotation inertia in the higher
speed, lower torque mode due 1o a high mass from cooperation between the
muitiplication and impaction mechanisms, which increases the torgue output of
the impaction mechanism; runs down and runs off fasteners at high speed
without the use of a reaction fixture even when a forgque higher than the one
absorbabte by an operator is required to overcome substantial adverse bolting
application characteristics like thread and facial deformation andfor thread
galling; and loosens highly torqued orf corroded fasteners that are stuck to their
joints and tightens fasteners to a desired higher and more precise torque with

use of a reaction fixture in the second mode.

The impact mode is not operatable in the THRILL® during lower speed / higher
torque (mulliplication) mode because: the positionable reaction arfm abufs
agamnst a stationary object;, and the impact mechanism s locked oui during the
torque muitiplication mode. But note thal dunng higher spsed / lower torgue
mode, the turning force from the motor is transferred via the initial stage of the
muttiplication mechanism to the cutput shaft to run down or run up a nut or bolt
head which exhibits little to no resistance. The impact mechanism activates when
the fastener exhibits adverse boliting characteristics thus requiring nitermitient

force to overcome such deformities.
Note Applicant's recent advancements with the HYTORC® FLASH® Gun, which

is electrically driven and the HYTORG® Lithium Series® Gun, which is also

electrically driven but with a battery and therefore poriabie.
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Evolution of the HYTORC® jGUN® FLIP-Gun® THRILL®, HYTORC® FLASH®
Gun and HYTORC® Lithium Series® Gun product lines and drivers and tools for
use therewith is disclosed, for example, in Applicant’s U.S. Patent Nos. and U.S.
Application Nos.: 6,480,852, 6,609,868, 6,828,439, 6,883 401, 6,986 298,
7.003,862; 7,066,053, 7,125213; 7,188,552, 7,207,760, 7,735,397, 7,641,579
7,798,038 7,832,310, 7,950,308, 8,042 434; DBOB.E14; and 13/577,995, entire

copies of which are incorporated herein by reference.

Despite Applicant's recent innovations with the THRILL®, side ioad and thread
galling remain major issues of industrial bolting applications and have not been
addressed at all by intensifier tools in the market. Galling 1s material wear caused
by a combination of friction and adhesion between metallic surfaces during
fransverse motion, or sliding, often due to poor tubnication. When a material galls
portions are pulled from a contacting surface and stuck to or even friction welded
to the adjacent surface, especially if there is a large amount of force compressing
the surfaces together, Galling often occurs in high load, low speed applications. It
invoives the visible transfer of material as it is adhesively pulled from one
surface, leaving #t stuck fo the other in the form of a raised lump. Galling is
usually not a gradual process, but occurs guickly and spreads rapidiy as the

raised lumps induce more galling.

The corrosion of a long since tightened corroded fastener usually occurs
between the engaging threads of the nut and the bolt and the nut and the flange.
Corrosion may come from several sources including chemical, heat, humidity and
lubrication. On high temperature applications, for example, lubrication applied
during fightening dries up and binds the threads together over time. Moreover
chemical reactions within and without the vessel often cause galvamnic corrosion.
During loosening, the inner thread corrosion pushes the dried out grease along
the bolt threads. The reaction force applied to the stationary object applies an
equat force on the near side of the nul to be turned. Indeed the side load, or

abutment force, for a tool may be 3x to 4x iis flibs. torgue output because the
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abutrment point of the reaction arm is often half i not less than a foot away from
the center of the drive.

This side load causes the nut and bolt threads to engage with enormous force on
the near side where it is applied such that the dried out grease gets piled up in
that location when the nut is turned. lrregularities in threads often cannot be
overcome. Merely half of the threads between the bolt and the nul are engaged
and the threads start gripping. This causes the bolt thread to gall and requires
substantially more torque and thus substantiaily more side load to take the nut
off, which can ruin the bolt and the nut threads. The fastener often locks up to the
point where all of the tuming force is used by the thread friction, which can lead
to breakage of the fastener or the tool tuming t. The torque power (ool originally
used {o tighten the fastener is often insufficient for loosening the same corroded
fastener. Such corroded fasteners may require loosening torque values 1x {o 3x
more ft.ibs. than the tightening torque and an additional more powerful too!l may
be needed. High temperature bolting applications such as, for example, in
turbines and casings, are usually critical requiring either stainless or precision
manufactured fasteners with exiremely high repilacement costs. In addition the

use of fine thread bolts, which is quite popular as of late, multiplies this problem.

Even if the oot applies no side load o the fastener, thread galling can still cccur
as the dried out grease accumulates in the engaging threads during the
loosening of the nut. Such loosening requires at one point a higher torque than
the original tightening torgue, which when appilied resuits in thread galling. This
occurs even with the HYTORC NUT™ between the inner and outer sleeves. it is
habit in the industry for operators to hit corroded fasteners with a sledgehammer
to pulverize corrosion before applying loosening forque. This habit is dangerous,
can ruin bolt threads extending over the nut, and is uncivilized. Adverse galling
also occurs between the face of the nut and the face of the flange, since the side
load changes a perpendicular orientation of the nut lo be tumed. This in tum

increases the tuming friction of the nut and makes the bolt load generated by the
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loosening torque unprediciable which causes adverse aesthetics, non-parailel

joint closures, system leaks, and tool, fastener and joint failures.

Known washers may reduce surface galling between the threaded fastener, the
nut, and the joint as the washer is made from a harder material. Appendix M of
ASME PCC-1-2010 states that: "it (s generally recognized that the use of
through-hardened steel washers will improve the translation of torque input into
bolt preload by providing a smocth and low friction bearing surface for the nut.
Washers protect the contact surfaces of the flange from damage caused by a
tuming nut. These are important considerations when torqueing methods (either
manual or hydraulic) are used for bolt tightening.” Known washers, however, do
not minimize and/or eliminate surface galting and thread galling crealed by side
load. And known washers can move when being tightened so that the washer
can rotate with the nut or bolt head rather than remaining fixed. This can affect

the torque tension relationship,

Another purpose of installing washers in a typical bolling system is to distribute
the loads under bolt heads and nuts by providing a larger area under stress.

Otherwise, the bearing stress of bolis may exceed the bearing strength of the
connecting materials and this leads to the loss of preioad of bolts and the

creeping of matenals.

Hardening processes, such as, for example, nitriding have been discovered to
prevent galling on the friction surfaces of fasteners. Nitriding hardens the surface
of metals yetl makes fractures more likely especially when tensile stresses are
present. While nitriding can be used to prevent galling on compressive elements
fike washers, other bolting elements ke studs are not good candidates for
nitriding. Studs experience pure tensile stresses when loading and therefore
would likely suffer from catastrophic fractures if they were nitrided. Nuts are safer
but have hoop stresses from the thread loading. These hoop stresses are tensile
in nature. While nuts have much lower tensile stress than studs, the risk of

fractures to hardened surfaces is still possible. A fracture that migrates w a stud
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or nut is likely to lead {o catastrophic foad loss in the fastener., A fracture that
migrates in a washer would not lead to load losses.

What is needed is: simplification in tool, driver, fastener and washer design and
operation; elimination of reaction, bending and pulling forces, and increased
bolting speed, efficiency, relability, repeatability and safety, all at lower cost. The

present inventions have therefore been devised to solve these issues.

SPECIFICATION

The inventions of the present application may be described by way of example

only with reference to the accompanying drawings, of which:

FIGs. 1A-1C are perspective views of a top and a bottom surface and a side view
of a first embodiment of a HYTORC® Z® Washer,

FiGs. 2A-2B are upward and downward facing perspective views of a joint to be
closed by a threaded fastener including the 7% Washer of FIGs. 1A-1C and a nut,
a Z® Fastener;

FIG. 3A-3C are side and perspective views of a reaction arm-free power iool, a
HYTORC® 22 Gun, for gall-minimized tightening and/or lnosening of the z°

Fasiener,

FiGs. 4A — 4B are perspective and side views of the tightened joint and the
tightened Z° Fastener;

FIGs. 5A-5D are perspective, perspective cross-sectional and side cross-

sectional views of a dual drive coaxial achion and reaction assembly, a
HYTORC® Z® Socket;
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FiGs. BA-6E are top-down, botfom-up and side views of Z® Washer Friction
Coefficient Increasing Treatment Means and related forces acting on the Z°
Fastener,

FiGs. 7A-7C are muitiple views of various embodiments of Z® Washers with
varied dimensions and widths of Z® Washer Friction Coefficient Increasing

Treatment Means such as knurl bands;

FiGs. 8A-8L are top-down views of various embodiments of Z° Washers with

varied shapes;

FiGs. 8D1-803 are perspective views of a top and a botiom surface and a side

view of a ancther embodiment of a Z® Washer;

FiGs. 8D4-8D10 are cross-sectional side views of various types, sizes and

locations of Z% Washer Friction Coefficient Increasing Treatment Means:

FIGs. BA-GB are cross-seclional side views of afternative Z° Fastener ang Z°
Socket types for use with Z° Washers;

FIG. 10 is a cross-sectional side view of an altemative Z° Washer and Z° Socket

such that the diameter of the washer (s less than that of the nut;

FiGs. 11A-11C are muftipte views of various embodiments of 2% Sockets with
varied dimensions and widths;

FIGs. 12A-14B are perspechve views of the Z®Sy-stem‘s application to
HYTORC® Torque Tools including spline adapters, reaction plates ang offset

lnks:

FiGs. 15A-15G are perspective and side views of the application of a HYTORC®
Dual Faced Friction Washer to the Z% System;
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FIG. 16A is a perspective view of an embodiment of the present invention in the

form of tool 10A in a lower speed, higher torque (*LSHT"} mode;

FIG. 168 is a perspective view of an embodiment of the present invention in the

form of tool 10B in a higher speed, lower torgue (“HSLT"} mode;

FIG. 17A is a side, cross-sectional view of tool 10A in LSHT mode;

FIG. 17B is a side, cross-sectional view of tool 108 in HSLT mode;

FIG. 18 Is a side, cross-sectional view of a turning force multiplication assembly

200 and a vibration force assembly 300 of tool 10A in LSHT mogde;,

FIG. 18 is a perspective, cross-sectional view of a drive tool housing assembly

101, a drive tool handle assembly 103 and related internal compaonents of ool

10A and too! 10B;

FiG. 20 s a perspective view of a mode shifting assembly 400 of tool 10A and

tool 108;

FIG. 21A is a side, cross-sectional view of an

invention in the form of a tool 10F;

FIG. 21B is a side, cross-sectional view of an
invention in the form of a too! 10G;

FIG. 22A is a side, cross-sectional view of an

invention in the form of a toof 10H:

FIG. 228 is a2 side, cross-sectional view of an

invention in the form of a tool 10t
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FiG. 23A is a top view of an embodiment of the present invention in the form of a
Z8-Squirter™ Washer 2301 for direct tension indication;

FIG. 238 is 3 bottom view of washer 2301;

FIG. 23C s a cross-sectional view of washer 2301 taken along line 2314 of FIG.
23A:

FiG. 23D s an enlarged view of a portion of FIG. 23C;
FiGs. 24A-24F illusirate the stale of washer 2301 during the insiallation process;

FIGs. 25A-25E are multiple views of an embodiment of the present invention in
the form of HYTORC® 2® Washer and nut assembly 2502;

FiGs. 26A-26D are multiple views of an embodiment of the present invention i
the farm of HYTORC® Z® Washer and nut assembly 2602;

FiGs. 27A-27D are multiple views of an embodiment of the present invention in
the form of HYTORC® Z¥Washer and rut assembly 2702;

FIG. 28A is a perspective view of a threaded fastener with an embodiment of the

present invention in the form of a two-part conical nut assembly 2801,

FiGs. 28B-28C are side and/or cross-sectional views of an inner sleave and an
outer slesve of and a threaded fastener for use with two-part conical nut
assembly 2801;

FiGs. 28A-28F are side, cross-sectional views of various embodiments of two-

part conical nut assemblies of the present invention with varied step guantities,

dimensions, geometries, angles and/or intervals;
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FiGs. 30A-30D are multiple views of an embodiment of the present invention in
the form of apparatus 3001 for torsionally coupling a threaded fastener 3010 andg

a torgue input device 3002,

FiGs. 31A-31C are perspective views of various embodiments of apparatus for
torsionally coupling a threaded fastener and a torque (nput device of the present
invention with varied step guantities, dimensions, geometries, angles and/or

intervals;

FiGs. 32A-320 are multiple views of an embodiment of the present invention in

the form of two-part tapered nut assembly 3202, and

FiGs. 32A-32D are multiple views of an embodiment of the present invention in
the form of HYTORC® Z® Washer and two-part tapered nut assembly 3202B.

The HYTORC® Z® System. The present invention seeks to protect Applicant's
HYTORC® Z® System which involves: tools having multi-speed / multiorque
modes with torque multiplication and vibration mechanisms without use of
external reaction abutments; a force transfer means to yield wn-line co-axial action
and reaction for use with such tools; driving means and shifting means capable
of attaching to washers under the nut for use with such tools and force transfer
means; associated washers for use with such tools, force transfer means and
driving means; and related accessories for use with such tools, force transfer

means, driving means and washers,

The HYTORC® Z® System includes the following: Z° Washers located under nuts
or bolt heads of varicus types having engageable perimeters of mullipte shapes,
sizes, geomelries and serrations, such as washerffastener radius engagement
differentials, and frictionally biased faces with relatively higher friction against the
flange surface and relatively lower friction agamst the nut, such as friction
coefficient increasing freatment means of various lypes, sizes and locations;
HYTORC Z° Guns incorporating a powerful impact mechanism and a precise
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torgue muitiplier in the same iool combining rapid run-down with calibrated
torque: HYTORC® Z® Sockets with dual drive coaxial action and reaction having
outer sleeves to react on Z° Washers and an inner sleeves to turn nuts or bolt
heads; HYTORC® Z® Spline Adapters and Reaction Plates for backwards
compatibility with HYTORC®s torqueftension systems including the AVANT®
and ICE® square drive systems, the STEALTH® limited clearance system, the
pneumatic jGUN® series, the FLASH® Gun and LITHIUM Series electric
muttipliers and more. the combination of HYTORC® Z®° Washer and the
HYTORC® Dual Friction Washer™ including a dual friction-enhanced face
washer for counter-torque under a nut or bolt head on the other side of the joint;
HYTORC® Z® Dual Drive Offset Links for tight clearances while using
HYTORC®'s torqueftension systems; and HYTORC® Z° Vibration Mechanisms
applied thereof.

The HYTORC® 2® Washer. International bolting standards call for hardened
washers to be placed under industrial threaded fasteners. HYTORC® Z® Washers
are hardened washers, proprietary to the Applicant, that become the reaction
point directly under the nut or bolt head of the fastener during tightening and/or
loosening. HYTORC® Z® Washers are used with industrial threaded fasteners of
the kind having a coaxial reaction surface, a stud and either a nut threadedly
engageable with the stud or a stud-head comnected (o the stud. They eliminate
any possible pinch points for operators’ appendages. Operators need not search
for satisfactory stationary objects in which to react. Straight, co-axial tensioning
all but eliminates bending and/or side loading of the stud. They provide a smooth,
consistent, low-friction top surface on which turns the nut or bolt head; the fop
has a polished surface against which the nut or bolt head wili turn. They provide
a friction enhanced botlom surface against which the tool will react.

7% Washers protect flange surfaces from damage or embedment and evenly
distribute boll load around the joint due o larger surface area. They can be made
in a full range of inch and metric sizes from a full range of matenails options for

every application. They comply with all ASME, ASTM and AP! requirements for
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dimensions, hardness, and thickness. They work with pneumalic, hydraulic,
electric and manual torque tools. And with the addition of a companion friction
washer, it eliminates the need for a backup wrench {o prevent the opposite nut

from turning along with the boit.

Applicant’'s recent 7® Washerrelated research and development includes
prototyping and experimentally evaluating different: thicknesses;, outler
engagement sizes, outer engagement geomelries and serrations; low friction
ceatings and treatments on fastener engaging (iop) sides; sizes, shapes and
locations of fricion enhancements, jike Wnurl patterns, on flange engaging
{bottom) sides; chamfers sizes and shapes on botiom, top, inside and cutside

faces, material specifications; and heat-treatment specifications.

FIG. 1A shows a first embodiment of a HYTORC® Z® Washer 1 for use with
HYTORC®s torqueftension systems. it is a perspective view of a top side, or top
bearing face, 2 of washer 1. FIG. 1B shows a perspective view of a bottom side,
or a bottom bearing face, 3 of washer 1. And FIG. 1C shows a side view of an

edge side, or side bearing face, 4 of washer 1.

Generally washer 1 is an annular shape having an intermnat void 5. As shown in
FIGs. 1, washer 1's annular shape includes radially extending lobes 6 which
forms a flower-like shape. Generally a top bearing face 2 is smooth with relatively
lower surface friction against the nut or bolt head. Note that lubricants may be
used on top bearing face 2 o lower surface friction between it and the nut, bolt
head or any other such threaded fastener. A bottom bearing face 3 is textured
with relatively higher surface friction against the flange surface. Botlom bearing
face 3 is shown having a smooth inner surface 3A and rough frictional
enhancements, such as knurls, 7 with higher surface friction. Radial raised knur!
pattern 7 increases the surface friction of boltom bearing face 3. In the illustrated
embodiment, knurled surface 7 takes the form of a ring or annulus located
beyond smooth surface 3A. Quter lobes 6 include angled beve) faces 8 formed

between boltom bearing face 3 and side bearing face 4.
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Washer 1 has, inter alia, annular radius Ria, a lobe radjus Ry, a knurl radius Rk
and a void radius Ryy. Washer 1 nas a height Hy, a first bevel height Hig, 2

second bevel height Higy, 2 knurl neight Hix and a bevel angle ;.

FiG. 2A shows an upward facing perspective view and FIG. 2B shows a
downward facing perspeclive view of a joint 30 to be closed. Joint 30 includes a
first member 31 and a second member 32 which are fastened in face-to-face
relation by a fastener 20, commonly known in the arl as a bolt. Fastener 20 has a
first end 21 having a bolt head 22 and a second end 23 having a thread
engagement 24. Second end 23 of fastener 20 is inserted through an opening 33
in first and second members 31 and 32 that extends from a bearing face 34 of
second member 32 to 2 beanng face 35 of first member 32. In preparation of a
tightening process, washer 1 is placed over second end 23 with bottom bearing

face 3 toward bearing face 35, Threaded nut 36 is placed over second end 23,

The Z® Washer is used on only one side of the joint and no other washer shouid
be used under it. Normal bolt and nut lubrication practices should be followed.
Lubricant 1s only necessary on the bolt threads and between the nuf or bolt head
and the top of the Z® Washer, and should not be Used between the washer and
the flange. Note that ihe correct lorque value for any given bolt s heawily
dependent upon the lubricant used. Nommally no lubricant s necessary on the

back-side nut or bolt head,

Typical industrial bolting practice is to adjust the stud so that when it is tightened
the top end will protrude 2-3 threads above the nuf. This is for inspection
purposes to ensure that the nut and stud are fully engaged. There is usually no
reason for the stud (o extend more than this, and any excess length should be
adjusted to the cther side of the flange so that the socket can engage the entire
nut without obstruction. it is permissible in areas of high corrosion for the stud to
be flush with the nut after tightening to lessen the risk of thread damage and so

that the nut can be more easily removed. Advantageously washer 1 thickness is
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ideal. If the washer was excesswely thick, the fastener system would have
insufficient male threads avajlable. Conversely, if the washer was insufficiently
thick, it could fail under high compressive loads.

The HYTORC® Z° Gun {In General). A reaction arm-free power tool for gatl-
minimized tightening andfor loosening of an industrial threaded fastener of the
kind having a coaxial reaction surface, a stud and either a nut threadedly
engageable with the stud or a stud-head connected fo the stud includes: a motor
{o generate a turning force; a drive 1o transfer the turning force; a turning force
multiplication mechanism in a housing ncluding a turning force multiplication
transmitter for all torque modes from lower resistance to higher resistance; and at
least one vibration force mechanism including a vibration transmitter for an
intermittent force mode operatable duning all torque modes from lower resistance

to higher resistance.

Standard air impact wrenches hammer the bolt with uncontrolled force with nigh
noise and excessive vibration. The HYTORC Z® Gun is a precision torgue
muttiplier which produces consistent and measured power on poll after bolt
without the uncontrolied force, high noise and/or excessive vibration of standard
air impact wrenches. The Z° Gun is the first torque-accurate reaction arm-free
pneumatic bolling tool in the world. It ensures even and accurate bolt load. The
Z® Gun incorporates a powerful impact mechanism and a precise forque
muitiplier in the same tocl combining rapid run-down with calibrated torque. it is
operated by a pisto!l grip trigger and features a directional control switch for
tightening or loosening, & speed sealection handle for high and low speeds, and a
self-reacting socket drive which engages the Z® Washer under the nut. The
impact mechanism zips nuts on or off regardless of corrosion of thread flaws.
The torque multiplier mechanism breaks out fasteners or tightens them down. It
works with the Z° Washer so no external reaction arms, no pinch points and no
inaccuralte side loads. it does any bolting job faster, safer and belter than ever

before, all with one tool.
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The Z® Gun has built in dual-speed capability that is controlied by simply and
quickly shifting from high speed rupdown mode to low-speed torqueing power
and back agam. In the high speed mode the dual socket rotates at several
hundred revolutions per minute but torque is limited so that the tool cannot spin
or kick back in the operator's hands. Shifling the selector upwards locks the tool
in to the powerfiorque mode and the nut or bolt is tightened to the desired torque

automatically, based on calibrated pneumatic fluid pressures.

Advantageously, the 7% Gun addresses industrial concerns and issues with
hydraufic, pneumatic or elecinc torgue intensifying toois. It maximizes the
benefits of and eliminates the detriments of torque and tension: maximizes the
benefits of and eliminales the detriments of HYTORC NUT™, HYTORC
WASHER™, HYTORC® AVANTI®, HYTORGC® xXI® HYTORC® jGUN®,
HYTORC® FLIP-Gun® and HYTORC® THRILL® - which can gall thread
engagements due to side load and accumulation of dried up corrosion, minimizes
operator vibration exposure; provides higher inertia in the intermittent force mode
due t¢ a higher mass from cooperation between the multiplication and impaction
mechanisms, which increases the torque output of the impaction mechanism;
runs down and runs off fasteners at higher speed without the use of a reaction
arm even when a lorque higher than the one absorbable by an operator is
reguired 10 overcome adverse polting application charactenstics, loosens highly
torqued and/or corroded fasteners stuck to their joints and tightens fasteners o a
desired higher and more precise torque with use of a coaxial reaction surface in
the higher resistance forgue mode. The vibration force mechanism can be
activated while the nut is tight {o pulverize dried corrosion before applying full
torque to the nut for loosening. This results in less torque necessary to locsen
the industrial threaded fastener, and the puiverized dried grease does not pile up
or concentrate on portions of threads. In addition during tightening and loosening
the nut stays parallel to the joint face and threads are not subjected to the
enormous and teregular side load making the facial and thread friction more
consistent. This assures a more even torque load and thus, even joint

compression to avoid leaks and gasket failure in tightening. Furthermore tocol use
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is simplified, risk of operator error reduced and operator safety increased.

industrial threaded fastener 20 is typically tightened using a torgue, iension
and/or torque and tension tool hydraulically, pneumaticaily or electrically driven.
FIGs. 3A, 38 and 3C show a reaction arm-free power tool 10, the HYTORC® 2°
Gun, for gall-minimized tightening and/or loosening of fastener 20. Tool 10
includes a motor to generate a turning force; a drive to transfer the turning force;
a tumning force muiltiplication mechanism in a housing including a turning force
muttiplication transmitter for all torque modes from lower resistance to higher
resistance; and at least one vibration force mechanism including a vibration
transmitter for an ntermitient force mode operatable during all torque modes
from lower resistance to higher resisiance. Note that tool 10 operates in a higher
speed, lower torgue ("HSLT"} mode, as shown as tool 10A of FIGs. 3A and 3B,
and a lower speed, higher torgue (“LSHT”) mode, as shown as tool 108 of FIG.
3C.

Tool 10A of FiGs. 3A and 3B and fool 10B of FIG. 3C includes: a drive input and
output assembly 100, a turning force multiplication assembly 200; a vibration
force assembly 300; a mode shifting assembly 400; and a dual drive ocutput and
reaction socket assembly 15, such as the HYTORC® 2% Socket.

in HSLT mode tool 10A either: compresses washer 1 between seated nut 36 on
pre-loaded fastener 20 on pre-tightened joit 30 to a pre-determined pre-
tightening torque; decompresses washer 1 between nut 36 on unloaded fastener
20 on loosened joint 30 from the pre-determined pre-tightening torque; andfor
vibrates pressurized washer 1 between tightened nut 36 on loaded fastener 20
on tightened joint 30 to adequately pulverize bolt thread corroston. In LSHT mode
tool 10B either: pressurizes washer 1 between tightened nut 36 on loaded
fastener 20 and tightened joint 30 to a pre-determined tightening torque; and/or
compresses washer 1 between seated nut 36 on pre-loosened fastener 20 on

pre-foosened joint 30 from the pre-determined tightening torque.
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in HSLT mode tool 10A either: runs down either nut 36 or both nut 36 and
washer 1 on fastener 20 with the turning force in the one direction to seat nut 38
and compress washer 1 on pre-lcaded fastener 20 on pre-tightened jont 30 to a
pre-determined pre-tightening torque; runs up either seated nut 36 or both seated
nut 36 and compressed washer 1 on pre-loosened fastener 20 on pre-loosened
joint 30 with the tuming force in the opposite direction from the pre-determined
pre-toosening torque, or vibrates (impacts) tighlened nut 36 over pressurized
washer 1 {o apply vibration to adequately pulverize thread corrosion. In LSHT
mode tool 10B either tightens seated nut 36 on compressed washer 1 on pre-
loaded fastener 20 on pre-tightened joint 30 with the turning force in the one
direction to the pre-determined tightening torque and applies the reaction force in
the opposite direction o compressed washer 1, or lcosens tightened nut 38 over
pressurized washer 1 on loaded fastener 20 on tightened joint 3¢ with the turning
force in the opposite direction from the pre-determined tightening torque and

applies the reaction force in the one direction to pressurized washer 1.

During operation tool 10B in LSHT mode swiiches to tool 10A in HSLT mode
upon unseating nut 38 and decompressing washer 1 at the pre-determined pre-
loosening torgue. During operafion tool 10A in HSLT switches fo tool 10B n
LSHT mode upon either: seating nut 36 and decompressing washer 1 at the pre-
determined pre-tightening torque, or adequate pulverization of thread corrosion.
Note that the operator uses mode-shifing assembly 400 to switch the tool from
LSHT mode to the HSLT mode or visa versa. Note that mode shifting assembily
400 is a manual switch, but may be automatic. Similarly, note that activation or
deactivation of vibration (impaction) force assembly 300 may occur either
manually or automatically. Note that LSHT mode can be swiiched from torgue
regulated to vibration assisied or vice versa, and that HSLT mode can be
switched from vibration regulated to torque assisted or vice versa. Note that
vibration {impaction} force assembly 300 can continue operating even if washer 1
begins or ceases rotation. And note that LSHT mode may be vibration assisted
for loosening nut 36 to help overcome chemical, heat and/or lubrication corrosion

and avoid bolt thread galling.
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Applying torque to a fastener creates facial friction, thread friction as well as bolt
load. Friction and bolt load are inversely proportional as friction increases, the
amount of bolt load generated decreases. The speed at which a fastener is
tightened has a pronounced affect on the magnitude of friction, and thereby bolt
load generated in a joint to be closed. Advantageously the Z% Gun is able to
utilize the principle that thread and under-head coefficients of friction decrease as

rotation speed increases.

The Z® Gun operates, for example, as follows. Suppose a job requires tightsning
194" studs with 2%° nuts to 520 fi-los of torgue using a Z° Gun-A1, The Z° Gun-
A1 is used for ranges of 300-1200 ft-Ibs of torque. The Z® Gun-A1 comes with a
standard drive size of %" square drive and has dimensions (LxWxH} of 11.92” by
3.29° by 8.47". The drive output housing has radius of 1.88". The handle height
and width are 8.94” and 2.12”°, respectively. The rundown and final toraue RPMs
range approximately from 4000 to 7, respectively. The turning force of the tool is
determined by air pressure supplied by a filter/regulator/lubricator (FRL). The
operator consuits the corresponding pressureftorque conversion chart for this
value. In this case, 520 fi-lbs of final torgue corresponds to a pneumatic préssure

50 psi. The operator thus sels the air supply pressure of the FRL to 50 psi.

Per FIG. 3B, tool 10A runs down nut 36 until snug against the flange i HSLT
mode. Washer 1" is compressed between seated nut 36" and seated joint 30" In
run down {HSLT) mode, the shifter (mode shifting assembly 400) is In the
downward position and tool 10A is held with both hands.

Per FIG. 3C, to begin torqueing in LSHT mode, the operator pulls shifter 400
toward him in the upward position. Seated nut 36’ is engaged ensuring that outer
reaction socket 17 fully encompasses compressed washer 1. Note the lack of
pinch points because bolh hands are safely out of the tighlening zone around
seated nut 36'. The operator depresses the trigger until tool 108 stalls and will no

longer advance inner drive socket 16, The operator has applied 520 fi-lbs of
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torgue to tightened nut 36" and pressurized washer 17, and every other nut will
get the same tightening force as long as the FRL pressure is maintained, FIGs.
4A and 4B show a tightened joint 30" which includes tightened fasiener 207

tightened nut 38” and pressurized washar 17,

Note that bevel faces 8 assist washer 1 in clearing weld fillets formed between
flanges and pipes in joint 30 and other clearance issues. Further bevel faces 8
assist the outer reaction socket in engaging and rotatably coupling with washer 1.
Bevel faces 8 may also accept modifications made o outer reaction socket 17 to

allow for use on inveried bolting applications.

The operalor reverses the process for removal of tightened nut 367, this time
beginning in LSHT mode. The effects of time and corrosion can make nuts
and/or bolis more difficult to remove than they were to tighten. Since achieving a
specific torque value is not of concern in loosening, the operator may tum up the
FRL air pressure to at or pear its maximum, giving the tool nearly full power, A
directional control is shifled {o loosen. The operator applies tool 108 to the
application and positions an inner drive socket 16 on tightened nut 38”7 and an
outer reaction socket 17 on pressurized washer 1". The operator pulis speed-
selector 400 upwards, activates tool 10B and proceeds to loosen tightened nut
367 until it can be tumed by hand and react off of pressurized washers 1". The
operator shifts speed-selector 400 to the HSLT position to run off nut 36. Recall
that the vibration force mechanism can be activated while the nut is tight to
pulverize dried corrosion before applying full torque to the nut for loosening. This
results in less torque necessary to locosen the industrial threaded fastener, and
the pulverized dried grease does not pile up or concentrate on portions of
tnreads.

Note that portions of this specification associated with FiGs. 168-23 provide a
thorough discussion of the HYTORC Z® Gun and related tools.
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HYTORC® 2" Sockets. 7% Washer benefits are optimized when used with
HYTORC® 2% Sockets having dual drive coaxial action and reaction. Quter
sleeves react on Z® Washers and inner sleeves turn the nuts or boit heads
adjacent (on top of) the washers. Several dual socket systems of the present
invention and proprietary to HYTORC® do exactly that. First and foremost, the Z°
Gun having a 2% Socket is the fastest and easiest way to get all the benefits of
this reaction-free technology. Portions of the outer socket surround the Z¥
Washer and rotatably couples with splines on the body of the torque tool The
inner socket connecis to the tool's drive and turns the nut. The Z® Gun impact
action runs the nut down rapidly and then shifts effortiessly to the controlled
torqueing mode while reacting against the Z® Washer. There are no extemal
pinch points or unwanied side loads. For the first time controlled torgue is
possible with an air tool, without sacrificing speed and flexibility. These
proprietary socket assemblies exceed all of the applicable ANS! standards for
toughness and safety and come in a full range of inch and metric sizes to fil any

job.

Applicant disclosed important characteristics aboul washers in its HYTORC
WASHER ™-related patent filings. Washers positioned in the load path either tum
with the nut (or bolt head) or stand still; never will washers turmn in opposite
direction as the nul due to facial Tniction and load compression. Applicant's
innovation determined the efficacy of reacting off in-line  washers.
Notwithstanding friction benefits from the threaded insert, the HYTORC

WASHER™ is viable because of this observation.

Generally joints to be closed of the present invention are tighiened by way of a
bolt and a nut. The bolt, having a hardened washer adjacent its bolt head, is
inserted through holes in the joint. The nut, having an adjacent geometricatlly
engageable hardened washer, is screwed to the bolt. An inner action socket
tums the nut and tghtens the joint and an outer reaction socket transfers the
tool's reaction force to the geometrically engageable hardened washer. As the

action torque {o the joint increases, the reaction force of the action torque
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proportionately increases. The rotatably coupled outer socket is geometrically
engaged with the hardened washer that eliminates the rotation of the too! relative
to the operator due to the reaction forcs.

FIGs. 5A, 5B and 5C are perspective views of dual drive coaxial action and
reaction assembly 15, FIG. DA is an assembled cross section perspective view,
FiGG. 5B i1s an assembled perspective view. FIG. 5C s an exploded perspective
view. FIG. 5D is a plan cross-section view of dual drive coaxial action and
reaction socket assembly 15 on tightened joint 307,

In HSLT mode, as shown in FiGs. 3A and 3B, socket assembly 15 is
substantially for transferring a vibrated form of a tuming force to nul 368 and
washer 1 in one direction. In LSHT mode, as shown in FIG. 3C, the results of
which are shown in FIGs. 4A and 4B, socket assembly 15 is substantally for
transferring a multiplied form of the turning force o nut 36 in the one direction
and the corresponding multiplied form of a reaction force in another direction {o
washer 1, which acts as a stationary object.

Referring o FIG. 5A, inner drive socket 16 includes an inner edge 52 with a nut
or bolt head engaging means 51. QOuter reaclion socket 17 has 2 lower inner
edge 62 with a washer 1 engaging means 81 for engaging washer outer edgs 4,
or outer sockel engaging means 9. Inner drive socket 16 is substantiaily
disposed inside outer reaction socket 17. They are coupled together via a socket
coupling means 18. The sockets cooperatively and relatively rotatable in opposite
directions through the tool housing. Lower inner edge 62 and its washer 1
engaging means 61 and washer 1 outer edge 4 and its outer socket engaging
means 9 are substantially vertical. Outer reaction socket 17 includes a fower
outer edge 63 having a tapered surface inclined inwardly toward a bottom of
lower inner edge 62. A bottom face 54 of inner socket 16 rotates on and/or over
an upper {ace 64 of a lower inner edge 65 of outer sockel 17. Nole that socket

coupling means 18 is designed for use with HYTORC®'s hydraulic square drive
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tools. Note that sacket coupling means 18A is designed for use with HY TORC®'s
pneumatic and electric torque guns, such as tool 10A (and 10B),

Washer 1 has, inter alia, annular radius Ry, lobe radius Ry, knurl radius Rk and
a center bore radius Ryy. Washer 1 has a height Hyyw, a first bevel height Hyp, a
second bevel height Hyg, a knurl height Hik and a bevel angle % Nut 36 has a
hex radius Ragy and a height Hasw Outer reaction socket 17 has washer
engagement radius Ryw that includes a washer/outer socket gap width Gya that
assists outer reaction socket 17 in easily engaging washer 1. A void space 19
having separation height Hy. provides sufficient clearance between wmer and
outer sockets 16 and 17. Inner socket 16 15 free {o rotate on upper face 64.

Note that any suitable engagement geometry will do, such as that disclosed in
HYTORC®s patents and patent applications incorporated herein by reference.
But note U.S. Patent No. 8,631,724, having lssue Date of 27 January 2014,
entitled "FASTENING SOCKETS, WASHERS AND FASTENERS USED WITH
THE WASHERS AND THE FASTENING SOCKETS", an entire copy of which is
incorporated herein by reference. Outer socket engagement means of the 724
patent do not engage with the outer surface of a washer, but merely an “outer

edge portion”, thereby increasing failure probabilities.

Quter reaction socket 17 of tool 10A s idie and inactive in HSLT mode. 1t s not
spline engaged with housing of tuming force multiplication assembly 200.
impaction andfor vibration force transmitters of vibration force assembly 300 are
spline engaged {0 an oulput drive shaft, which twrns inner drive sacket 16 (o run
up or down nut 36 on fastener 20. Quter reaction sockst 17 of too! 10B, however,
15 rotatably coupled and geometrically engaged with washer 1 under nut 36.
Upon seating of nut 36', compressed washer 1' serves as the stationary object by
which the housing of turning force mutltiplication assembly 200 reacts via reaction
socket 17. With the housing of tuming force multiplication assembly 300 helid still,
the turning force muitiplication transmifters tighten seated nut 368”7 via the turning

force output drive shaft.
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During operation of any embodiment of tools having reaction socket assemblies
of the present invention the drive socket tums either a nut or a bolt head. During
operation of one embodiment of such a toot the reaction socket stands shll dunng
HSLT mode. During operation of another embodiment of such a tool the reaction
socket turns in the same direction as the drive socket in HSLT mode but stands
stilt in LSHT mode. And during operation of another embodiment of such a tool
the reaction socket either stands stili or turns in the opposite direction with the
drive socket in HSLT but stands still in LSHT mode.

In other words the drive socket is atways operatively connected with either the
nut or the bolt head during all torque modes from lower resistance to higher
resistance. And the reaction socket is either: operatively connected to the
housing and the coaxial reaction surface to transfer a reaction force to the
coaxial reaction surface during the higher resistance torque mode; operatively
connacted to the housing and the coaxial reaction surface during either the lower
resistance torgue mode or the intermittent force mode; or operatively connected
to the housing and operatively disconnected from the coaxial reaction surface
during either the lower resistance torgue mode or the intermittent force mode.

in other words a iorque power ool of the present invention includes: a drive
means {o connect with a drive socket of a dual drive coaxiat action and reaction
socket assembly to turn a nut or a bolt head, a reaction means to connect with a
reaction socket of the dual drive coaxial action and reaction socket assembly to
pass on the reaction force © a washer; a connecting means between the drive
and reaction means; at least two modes of operation including a high speed low
torque mode and a fow speed high torgque mode; wherein the drive socket is
turned in one direction by the drive means during both the low speed high torque
mode and the high speed low torgue mode; wherein the reaction socket is turned
in the one direction when the connecting means between the drive and the
reaction means is activated in the high speed low torque mode but does not tum

the washer when the connecting means is deactivated in the high torque low
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speed mode.

And in other words a torque power tool of the present invention includes: a drive
means for connecting a drive socket 1o a nut or a boll head; a first reaction
means and a second reaction means for connecting a reaction socket to a
washer, af least two modes of operation - a high speed low torque mode and a
low speed high torque mode, wherein the drive socket is turned by the drive
means during both modes of to tum the nut or the bolt head; wherein the reaction
socket connects to a washer underneath the nut or the bolt head; a first reaction
means which stops said reaction socket from turning in the low speed high
torque mode while the washer takes up a higher magnitude reaction force; and a
second reaction means which stops the reaction socket from turning in the high
speed low torque mode while an operator takes up a lower magnitude reaction
force. In this case, a turning force multiplication assembly housing spline adaptor
is the first reaction means. And a mode shifting assembly-switching arm having a

spline adaptor is the second reaction means.

Dual sockets, particutarly reaction sleeves (sockets), of the present invention
were developed for use in conjunction with all of HYTORC®s electric, hydrautic,
and pneumatic torqueftension systems. it was pecessary to minimize oulside
diameters of reaction sleeves to provide maximum clearance between ool
reaction systems and the surrounding fastener environments. Minimizing ouiside
diameters of reaction sleeves required minimizing outside diameters of action

sockets 100,

Generally numerous part geometries were devised for sleeves, sockefs and
adaptor rmgs of the present invention. All potential components were prototyped
and evaluated experimentatly in HYTORC®™s research and development center.
Quality tests included subjecting the parts to their particular application load for
countless cycles. Various material and heat-treatment alternatives were also

evaluated experimentally.
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Note that portions of this specification associated with FIGs. 16-23 provide
additional discussion of the HY TORC Z® Sockets.

HYTORC® 2° Washer - Fastener Radial Engagement Differential. In forque
tools with reaction fixtures of the prior art, reaction torque is equal and opposite
to the action torque. Bui the reaction force applied by the reaction arm is far
greater on a nearby stationary object. The reaction force is multiplied by
distance, the reaction arm length. Indeed side load, or reaction abutment force,
for a tool may range from 2x to 4x its torque oulput at abutment points of a
distance of, for example, % foot from the turning force axis of the drive. That
greater reaction force is concentrated at only that one location. Naturally shorter
reaction arms transfer smaller reaction abutment force to abutment points closer
to the turning force axis of the drive. it stands to reason that an extremely short
reaction arm would transfer a reaction abutment force of similar, yet slightly
larger, magnitude as the forgue tool output because the abutment point is

extremely close to the turning force axis of the drive.

Irregularities v threads yield adverse Dbolting characteristics. Among other
detriments, side lcad causes the nut and boit threads o engage with enormous
force on the near side where it is applied such that the dried out grease gsfs
pited up i that location when the nul is lurned. Often only small fractions of totat
thread surface areas are engaged between the bolt and the nut. This causes bolt
threads to gall, which requires substantially more torgue and thus substantially
more side load to loosen the nut. This chain of events often ruins bolt and nut
threads. The fastener locks up or sejzes at the point where all of the turning force
is used by thread friction, which can lead toc breakage of the fastener or the ool

turning tt.

The torque power tool originally used to tighten the fastener is often insufficient
for loosening the same corroded fastener. Such corroded fasteners may require
lobsening torque values ranging from 2x to 4x higher than the tightening torque

requiring a more powerful tool for breakout loosening. High temperalure bolting
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apphications such as, for example, in turbines and casings, are usually critical
requiring either stainless or precision manufactured fasteners with exiremely high
replacement costs. In addition the use of fine thread bolts, which is popular as of

late, multiplies this problem.

Simitarly reaction torque is equal and opposite to action torgue in HYTORC® dual
drive coaxial action and reaction socket assembly. But the reaction force
intensification characteristic is applicable too. Referring back to Applicant’s
HYTORC WASHER™ and SMARTWASHER™ refated patent disclosures, these
washers had substantially similar radius as that of the nut. Reaction forces
applied to these washers were of similar magnitude as the equal and opposite
reaction torque. This helps to explain why HYTORC WASHERs™ and
SMARTWASHERs™ sometimeas rotated with the nut or bolt head.

Industrial bolting professionals have recognized the necessity of using relatively
stimitar fastener component sizes. In normal bolling operations it matters not
whether the bolt head or the nut s torqued. This assumes, of course, that the bolt
head and the nul face are of the same diameter and where contact surfaces are
the same to vyield the same coefficient of friction. if they are not then it does
matter. Say the nut was flanged and the bolt head was not. If the tightening
torque was determined assuming that the nut was 1o be tightened but the bolt
head was subsequently tightenad instead then the bolt could be cverloaded.
Typically 50% of the torque is used to overcome friction under the tightening
surface. Hence a smaller friction radius will result in more torgue going into the
thread of the bolt and hence being over tightened. If the reverse were frue,
namely that the torque was determined assuming that the bolt head was {o be
tightened and then the nut was subseqguently tightened, the boit would be under

tightened.
Just as an exfremely long reaction arm apphes an extremely greater reaction

force io a nearby stationary obiect, an extremely short reaction arm applies a

reaction abutment force of similar, yet slightly larger, magnitude as the torque
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tool outpul. In this sense outer reaction socket 17 can be considered a 360°
reaction arrn applying that reaction abuiment force of similar, yet slightly larger,
magnitude as the {orgue tool output infinitely around cuter edge 4 of washer 1.
Indeed outer reaction socket 17 applies a greater reaction abutment force to
reaction washer 1 under nut 36. This is achievable only by having a slightly larger
washer 1 - outer reaction socket 17 geometrically shaped engagement than a nut
36 - inner drive socket 16 geometrically shaped engagement. Applicant’s
fundamental observation about washers coupled with this new observation

ensures g still washer in which (o react.

Referring to FIG. 8D, outer edge 4 of pressurized washer 1" extends beyond an
outer edge 37 of tightened nut 36”7, Notably a reaction force 82 acting in another
direction 84 received by washer outer edge 4 is greaier than an action torque 91
acting in one direction 93 received by nut 36. Pressunzed washer 17 absorbs
reaction force 92 of toot 108 such that tool 108 applies action torque 91 to
seaied nut 368" and applies a slightly greater but opposite reaction force 82 to
washer outer edge 4. Seated nut 1" turns but compressed washer 17 stands still.
This relative positioning, namely, that washer outside edge 4 s farther from the
center of rotation, or turning force axis Aqp, than nut outer edge 37, is one
innovative aspect of the present invention. Reaction force 92 acts through the
effective lever arm of outer socket 17 a distance Rya away from tuming force axis
Asg that tends lo hold washer 1 still. As a resuit of the differential in radius of the
puter polygonal engagements, washer 1 remains stationary on joint 30 rather

than rotate with nut 36 as fastener 20 s tightenead or loosened.

HYTORC® Z° Washer Friction Coefficient Increasing Treatment Means.
Referring to FiGs. 6, this shows a bottom-up view of bottom bearing face 3
formed with friction coefficient increasing treatment means 60. Nut 38 is shown
adjacent smooth top bearing face 2. Frictional forces are lower between nut 36
and washer 1 at the engagement of smooth contact surfaces 2 and 38 than the
engagement of rough contact surface 3 and flange surface 30. Thus nut 38 tends

to rotate and washer 1 tends to ramain still,
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FiGs. 6B, 6C, 6D and 6E explain this phenomena. FIG. 68 shows nut 36 being
torqued and compressed against top bearing face 2 of washer 1. Top bearning
face 2 and a bottom bearing face 38 of nut 1 are smooth. During a tightening
process, a friction force 71, between nut 36 and washer 1 acis in one direction
92. A compression force F, of nut 36 acts on washer 1 in a downward direction
along turning force axis Ay A radius r is an effective frictional radius, or the
distance from tuming force axis Aig 10 a center of frictional area 73; of botiom

bearing face 38 of nut 36.

FIG. 8C shows washer 1 being compressed against bearing face 35 of joint 30
Bearing face 35 and bottom bearing face 3 of washer 1 are engaged frictionally
and with load. During a tightening process, a friction force 72g between washer 1
and joint 30 acts in another direction 93. A compression force Fy, of joint 30 acts
on washer 1 in an upward direction along tuming force axis Ao, A radius R is an
effective frictional radius, or the distance from turning force axis A {0 & center of

frictional area 74g of botiom bearing face 3 of washer 1.

FIG. 80 shows a combination of FiGs. 8B and 6C. FIG. 8E shows F, and Fu. A
compression force F. generated by nut 36 tightening on fastener 20 is equal on
both sides of washer 1 such that Fa= Fo= Fe. Friction force (Fr)= ¢t * F,, where ¢
is the coefficient of friction. Note that the effective frictional radius of friction
coefficient increasing treatment means 60, or R, is greater than the effeclive
frictional radius of nut 38, or r, such that Fe * R > F¢ * r. This means that the
torque to overcome friction between nut 36 and washer 1 is smaller than the
torgue which wouild overcome the friction between friction coefficient increasing
treatment means 60 of washer 1 and joint 30.

Referring back to the exampie in FIG. BA, friction coefficient increasing treatment
means 60 is shown, for example, as radial raised knurt paltern 7, having inner
radius R;. Radial raised knurl pattern 7 is shown positioned as far from turning

force axis Ay as feasible at a substantially maximum radius, Ruax, o maximize
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torque (Tamax) while still below a compression area of nut 36. As the clamping
force increases, knurl pattern 7 sets itself on the flange face 35 material, thereby
resisting the attempt of washer 1 to rotate with nut 36. The coefficient of friction,
U, remains constant and is multiplied by constant compression force F; to yield a
constant friction force (Fp). The reaction torgue (tg) 1s F * R. Maximum torque
can be achieved at substantially maximum radius, Ruax, such that Tamax = F
Ruax. In other words, effective frictional radius, R, of washer 1 s greater than
effective frictional radius, r, of nut 36. Generally effective friction radius of Z°
Washers of the present invention are greater than an effective friction radius of
the nuts or bolt heads. Note that principles of mechanics (statics, dynamics, stc.)
to describe traditional bolting applications and associated forces are well known
in the art.

Explamed another way, washer 1's resistance to sliding or rotating while reaction
torque is applied s a function of the load and coefficient of friction. The following
expressions depict the relationships between sliding force, friction, load and
torque in a reaction washer:

Sliding Force Resistance = (Coefficient of Friction) x {Load)
FrR=U"Fy

where: Fg = Force (Resistance), p = Coefficient of Friction, and Fy = Force
Normal {(Weight or Load).

In a threaded fastener the force to overcome friction and create sliding or rotation
is a function of applied torgue and the friction radius. So the force to create

sliding can be expressed as:

Fs = (Torque) / (Friction Radius)

FSETH'F
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where: Fr = Force (Sliding), ¥ = Torque and rp = Effective Friction Radius.
Therefore in a fastener:
Fs = Fr
Tire = p ¥ Fy, such that

L VAN (I Y

The above expression shows that the resistance fo shding under torque is
funclion of the coefficient of friction, (oad and radius of the friction surface This
effective friction radius is usually taken as the mean of the central bore hole and
outer bearing face radii. As the friction radius is increased the resistance to
sliding or turning increases. it is therefore understood that & means of increasing
the washer friction radius relative to the nut or polt friction radius will anchor the
washer relative nut or bolt. Because they are equal and opposite torgue forces,
reaction washers and nuts or bolts will always have identical applied bolt load
torque forces. Coefficients of friction are identical in fasteners when similar
materials and lubricants are applied throughout. By increasing the friction radius
of the washer bearing face it can tharefore be ensured that washers will remain
anchored relative to nut or bolt in all fastening situations.

Biasing the bearing surface outward increases the washer friction radius. This
can be done by adding surface fealures to the outermast area of the beanng face
while neglecting the innarmost areas. Because of high locads and typical
embedment of mating surfaces only slight selective surface conditioning is

required to effectively increase the friction radius.

The position and coverage area of friction coefficient increasing treatment
means, for example the raised knurl feature, and s relation to the footprint of the
nut or bolt head ensures effectiveness of the Z% System. The bottom surface of
the washer includes outwardly positioned friction coefficient increasing
treatments, defining a frictional portion for engagement with the surface of the
joint. The frictional portion is disposed about an ouler peripheral portion of the

bottom surface and extends inwardly to a width less than the total widih of the
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washer body. The frictionally enhanced surface tends to lock up the nut by
maintaining boit load, thereby preventing uninterided locsening. In other words
the bottom surface of the washer is roughened in order {0 assure substantial
friction between the joint and the washer upon tightening or loosening of the
fastener. Frictional forces developed between the washer and the joint are
substantial and reliably serve fo prevent the undesirable rotation of the washer

uporn loading and during the initial sfage of untoading.

Unexpectedly exparimentally repeatable performance is not possible if frictionally
enhanced surface 7 covers completely or is positioned at or relatively near the
central bore of lower surface 3 of washer 1. Most of the time, this configuration

fails and washer 1 tums with nut 36.

The Z® Washer concept simitarly works with merely an outer ring having friction
coefficient increasing treatment means. i (s not necessary o have both smooth
inner portion, i.e. inner surface 3A, and a roughened outer portion. But the
different surface texiures of the underside of the washer does assist with
frictional biasing on the botiom surface as a whole and between the botiom and
the top sides of the washer.

This application seeks to define, claim and protect a reaclion-type washer with
frictional area shifted outward, e.g. a reaction washer friction radius ocuter biasing
with respect to the nut. This produces a novel and unobvious shift of the friction
surface radius prevenling the washer from spinning before the nuf. Prior art
reaction-type washer without frictional biasing lended to spin, especially when
used on hard surfaces. They were marginal in performance and worked only in
ideal conditions on ideal surfaces. Spinning reaction-type washers undesirably
caused damage to the flange faces, inefficient industrial bolting and system
maintenance operations, and economic loss. Still washers with outer positioning
of friction coefficient increasing treatment means of the present invention
maintain unblemished flange faces, increase efficiencies of industrial bolting and

system maintenance operations and minimize econemic 108s.
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Relating back to FIG. 5D, relative washer /[ fastener radiat engagement
differentials, namely, that washer 1 outside edge 4 is farther from the center of
rotation, or turning force axis Ayg, than nut 36 outer edge 37, serve as another
embodiment friction coefficient increasing treatment means of the present
invention. Greater washer/flange swrface area having longer engagement radius
increases facial friclion over lesser nutiwasher surface area having shorler

engagement radius.

Explamed another way, in bolting applications of the present invention, friction
torque generated by the washer-flange surface area inferaction is greater than
friction torque generated by the nul-washer surface area interaction. The washer
remains stationary so that # is possible to attach a nholding socket non-rotatably
relative to the housing of the tool. The holding socket is brought into engagement
with the outer polygonal edge of the washer while ihe tightening tool actionably
engages with the nut. Upon tightening the washer is compressed under the nut
and the housing of the tool is secured against rotation relative to the washer. The
washer absorbs the reaction moment and reaction force of the tool housing that
is opposite to the tightening torgue and diverts it into the compressed washer. No

external reaction means is necessary.

FiGs. 7A, 7B and 7C show varned washer dimensions and widths of friction
coefficient increasing treatment means such as knuri bands, FIG. 7A shows a
washer 174 with intemal void, or central bore, 57, for use with an M14 bolt, a
relatively small size. Knurl band 774 encompasses a majority of surface area
lower bearing face 374. Nonetheless lower bearing face 374 has a smooth wnner
surface 3A;a adjacent void S7a. Indeed smooth inner surface 34, is formed
between void 5;,, which accepts fastener 20, and knurl bangd 77, Washer 174
has an inner radius, fin7a, an outer radius, roaya, an inner knurl radius, ks, an
outer knwrl radius, f.uga, and a lobe radius, rgpa. Similar dimensions are

applicable 1o but not shown in FIGs. 78 and 7C.
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Recall that HYTORC WASHERs™ and HYTORC SMARTWASHERs™ added
unnecessary height to bolting applications. Thicknesses of Z° Washers of the
present invention are typically small compared to their outer diameters. For
example, the average ratio of the thickness Hiw to the outer diameter Dy of the
washers disclosed in the drawings is about 0.08 and may range from 0.04 to
0.12. Other ratios describe Z® Washers of the present invention, including; the
average ratio of height Hyw of the washer o the height Hagy of the nut is about
0.170 and may range from 0.10 {o 0.30; the average ratio of the diameter D4 of
the washer and diameter Dag of the nut is about 1.10 and may range from 0.80 to
1.40. These ratios are provided merely for descriptive purposes,

Note the difficulty in quantifying meaningful characteristics of the Z® System
frictional biasing. For example, relative surface areas of washers and nuis {or
bolt heads) minimally effect friction biasing cutcomes with the Z° System. Indeed
relatively small threaded fasteners may have vastly different ratios than relatively

large threaded fasteners.

The most informative data involves calculation of the effective friction radius of
the washer and the threaded fastener. Z° Washers work so reliably because
friclion coefficient increasing treatments are selectively biased away from the
central bore and towards outer edge. The effective friction radius of the washer is
greater than the effective friction radius of the threaded {astener. For example,
the effective friction radius of a washer having a radial band of friction coefficient
increasing treatments on its bottom side is the center of that band. Note that this
discussion correctly assumes the ideal case where bolt load {5 distributed
uniformiy under the nut or bolt head due to the use of the Z® Washer.

Note that friction enhancements may not be necessary in many applications,
although they ensure that the washer stays still on all applications, regardiess of:
relative washer/tastener surface areas or engagement radii; relative fasiener/fjomnt
material hardness; and relative fastener/cint surface treatments like lubricants

{molycoat, etc.) or coatings (paint, etc.). The friction enhancements become
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impactful at the beginning of a tightening process where very little or no load is
prasent on the stud andfor nut. This friction bias initiales washer hold every time.

Alternatively  friction coefficient increasing treatment means includes
roughenings, polygonat surfaces, splines, knurls, spikes, grooves, slots,
protruding points, scoring or other such projections. Other options include
pressed fit projections, concentric or sptral rings, radial riffs or teeth, waffle
patterns, etc. Any operation that will force the outer surface areas 1o have more
aggressive interaction with the flange surface such as selectively knurling,
sanding, blasting, milling, machining, forging, casting, forming, shaping,
roughing, stamping, engraving, punching bending or even just relieving internal
areas 15 sufficient. Note that combinations of such friction coefficient increasing
treatment means may be dtilized. If the washer 1 — outer reaction socket 17
engagement is slightly targer than the nut 368 — inner drive socket 16
engagement, friction cosfficient increasing treatment means either. may not be
needed; may be positioned anywhere about the washer bottom surface; or may
be positioned substantially beyond an effective friction radius of the nut or the
bolt head about the washer bottom surface. To attain the inventive properties i
is, sufficient that the washer bottom side be even. The opposing frictional
surface, however, may also be tapered outwardly, whereby the outer edge of the
frictional ring 18 thicker than the inner edge. However, if required, the washer and
therefore its bottom side can aiso have a curvature. Particularly good resuits are
obtained with a convex curve towards the joint. This is disclosed in U.S. Patent
No. 7,462,007, having Issue Date of 8 December 2008, entitied "Reactive
Biasing Fasteners”, an entire copy of which is incorporated herein by reference.
Note, however, that washers of the current invention impart no axial biasing force
to the elongated bolt.

Generally reaction washers of the present invention for industrial bolting include:
an external shape that allows rotational coupling with a torque application device;
and an underside beanng friction surface area that is discontinuous and

seleclively blased in areas outward from the center bore. These surface friction
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features are selectively crealed on the washer's underside and excluding any
portion of area near the radius of the center bore. Thase surface friction features
may be created through knurling, sanding, blasting, milling, machining, forging,
casting, forming, shaping, roughing, stamping, engraving, punching or bending.
Surface friction features may be created by merely relieving material near the
reaction washer bore. Surface friction features also may be either. created with
discontinuous surfaces and/or textures featured in an area or areas outward from

the bore; and/or positioned singularly, randomiy or in any array arrangement.

Alternative Z® Washer Geometries. FiGs. 8A through 8L show alternative
shapes for washer 1. Washers of the present invention may have an outer edge
{and corresponding engaging means) shaped with any suitable geomelry to non-
rotatably engage with the outer socket inner edge (and its corresponding
engaging means) shaped with a corresponding suitable or substantially identical
geometry. 7® Washer 1's standard commercial shape is a “flower pattern” washer
including concave portions extending inwardly and convex portions extending
outwardly which are alternately and repeatedily provided in a radial direction
around an imaginary reference circle that is ceniered at a central point of the
washer. FIGs. 8B, 8E, 8G, 8H and 8l are ciear derivations of such flower shaped
washers. Note that FIG. 8K shows a multi-sided shape engagement and FIG. 8J
shows spline engagement, both of which may be considered flower shaped with

increasing numbers of engagement teeth.

Other suitable geometries include shapes such as triangle, curvilinear tnangle,
square, rectangle, paralielogram, rhombus, trapezoid, trapezium, kite, pentagon,
hexagon, heptagon, octagon, nonagen, decagon, circle with outer projections,
gllipse or oval. Note that cutside edges of any suilable shape may be curved,
rather than angular, to facilitale easy engagement with Z®Sockets of the present

invention.

FiGs. 8D1, 8D2 and 8D3 show the embodiment of FIG. 8D, Z® Washer 1g5 for

use with various power tools. Perspective views of the top and bottom faces and
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a side, cross-sectional view of washer 1sp, respectively, are shown. Generally
washer 1gp has an annular hexagonal shape having similar dimensions and
charactenistics as shown in FIGs. 1A, 1B and 1C, except with an “8D" subscript.
Washer 1gp 's hexagonal shape inciudes radially extending side comners 6gs
which forms a hex-like shape. Generally a top bearing face 235 is smooth with
lower surface friction and a bottom bearing face 3z has frictional enhancements,
or hottom corners, 7gp with higher surface friction. Nole that lubricants may be
used on top bearing face 230 o lower surface friction between it and threaded nut
36, or any other such threaded fastener. Radial boliom corners 7gp increase the
surface friction of bottom bearing face 3gp. Side corners 8ap while not shown,
may include angled bevel faces 8gp formed between top bearing face 2q¢p and a
side bearing face 4dgp. Such bevel faces 8gp may make up outer edge portion
which includes tapered surfaces and engaging teeth, the tapered surfaces being
gradually inclined outwardly and toward bottom bearing face 3gp and side bearing

face 4ap.

Washer 1gp has, inter alia, annular radius Rsa, a lobe radius Rg, a knurl radius
Rex and a void radius Rgy. Washer 1gp has a height Hs, a first bavel height Hgg;, a
second bevel height Haey, @ knurl height Hse and a bevel angle °s. Such bevel
faces Bgs May assist washer 1s4 in clearing a corner radius of a flange and other
clearance issues. Further bevel faces 8 assisi the ouler reaction socket
engaging and rolatably coupling with washer 1. Bevel faces 8 may also accept

modifications to outer reaction socket 17 {o allow for inverted bolting appfications.

Alternative Placement of Z° Washer Friction Coefficient Increasing
Treatment Means. FIGs. 8D4 — 8010 show washer 10 with vanous iterations of
frictionally biased faces with relatively higher friction against the flange surface
and relatively lower friction against the nul. in other words, washer 1gp is shown
with various types, sizes and locations of friction coefficient increasing treatment
means. Note that these variations are shown with washer 1z but apply to all
reaction washers disclosed in the present invention. FIG. 8B4 is shown with no

frictionat enhancements, just 8 smooth bottom side. FIG. 8D5 is shown with
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frictional enhancements that are formed recessed within the washer's boitom
face by removing material proximate to the central bore. FIG, 8D6 shows a
relatively thin band of frictional enhancements formed at an outer edge portion of
the bottom face. FiIG. 8D7 shows a relatively thick band of frictional
enhancements formed equidistant from an inner edge and outer edge portion of
the bottom face. FIG. 8D8 shows a relatively thin band having width of 1X of
frictional enhancements formed a distance 1X from outer edge and 2X from inner
edge of the bottom face. FIG. BD9 shows friction enhancement means, in this
case a downwardly sioping ring having sharp edges formed at outer edge of the
bottom face. Washer 1aps, while shown curved, imparis no axial biasing force to
the slongated bolt. Alternatively Washer 1gps may have no variations in height

except at the sharp edges.

As shown in FIG. 8D10, washers of the present invention may alsc be provided
with configurations for positive locking engagement with the outer reaction
sockel. Such positive locking engagements are indentions formed in the outer
edge of washer 1gp. The outer reaction socket would include corresponding
engagement means to allow for hands-free operation, and once the nut is
seated, hands-free operalion on an inverted bolting application.

Disclosures of reaction-style washers for industnal bolling having friction surfaces
of the prior art discuss neither the importance of location nor the externt of
coverage of such friction surfaces. Applicant discovered that friction coefficient
increasing treatment means located at either inner washer radii near the bolt or
about the entire underside of the washer tends towards washer movement, or
rotation with the nut. These strategies were marginally successful occasionally
yielding still washers. In other words, more friction treatments over larger, entire
and/or interior portions of the underside of washers are substantially less

effective than {riction treatments over smaller and/or exterior portions.

Alternative Fastener and Z° Socket Types for Use with Z° Washer. FIG. SA

shows washer 1gp for use with a bolt having a bolt head 20A threaded in g blind
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hole and HYTORC™ dual drive coaxial action and reaction socket assembly 15.
FIG. 9B shows washer 1gp for use with 2 socket head cap screw 20B threaded in
a blind hole and -a modified HYTORC® dual drive coaxial action and reaction
socket assembly 15C. Various fastener geometnes may be used with tools, parts
and accessories of the Z® System with corresponding design changes, such as
shown in FIG. 88, Modified socket assembly 15C includes a male fastener drive

engagement means 16C rather than action socket 16.

Reduced Z° Washer Surface Area. FIG. 10 is similar to FIG. 5D except that an
outer edge 440 Of a pressurized washer 1. curtails from oudter edge 37 of
tightened riut 36”. Notably reaction torque force 92404 acting in another direction
94 received by washer outer edge 4404 may be less than action torque force 91
acting in one direction 93 received by nut 38 Pressurized washer 104" absorbs
reaction torque force 82404 of tool 10B such that tool 10B applies action torque 81
to seated nut 36" and may apply less reaclion force 9244 to washer outer edge
4i0a. Aggressive friction enhancements 7,0p are necessary to prevent washer
Tyoa from turning with nut 38. Seated nut 36 turns but compressed washer Tiea’
stands still. This relative positioning, namely, that friction enhancement 7y0a andg
therefore an effective friction radius of washer 1ga is farther from the center of
rotation, or turning force axis Ay, than an effective friction radius of nut 36, is one
innovative aspect of the present invention. Reaction force 9204 acts through
outer socket 17A a distance Ryap Or so away from tumning force axis Ay which
tends to hold washer 1,0, still. As a result of the differential in effective friction
radii, washer 1104 remains stationary on joint 30 rather than rotate with nut 38 as
fastener 20 is tightened or loosened. Note that bottom face 54 of inner socket 16
rotates on and/or over an upper face 64A of a lower inner edge 65A of outer
sacket 17A. In this case inner socket 16 and outer socket 17A may experience

additional facial friction due to a larger surface area of upper face 64A,
In other words washers having outer edges which either co-terminate with or

curtail from an outer edge of the nut or the bolt head can be used with the

HYTORC® 7% System. In such cases it is necessary for the bottom surface of the
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washer to be formed with aggressive friction coefficien! increasing treatment
means to ensure that the effective friction radius of the washer is greater than an
effective friction radius of the nut or the bolt head. Successful outcomes are likely
with aggressive friction enhancements even if the reaction force received by the
washer outer edge is subsiantially equal to or less than the action torque
received by a nut or a bolt head outer edge. In these situations such aggressive
friction enhancements may include roughenings, polygonal surfaces, splines,
knuris, spikes, grooves, slots, protruding pomts, or other such projections.
Offsetting the aggressive friction coefficient increasing treatment means bayond
Rog remains an important {eature in this case. Note that modified outer socket
17A requires a sophisticated design to engage and rotatably couple with washer
1. Note also that modified outer socket 17A may allow for inverted bolting

appiications.

Alternative Z° Socket Sizes. FIGs. 11A, 11B and 11C show various reaction
socket sizes, including outer socket 17444 having straight walls and outer sockets
17418 and 174¢c having tapered walls. These variations allow for threaded
fasteners and HYTORC® Z® Washers of different sizes to be used with the same

Z® Gun. Other configurations may be used as needed.

Z¥ System Applied to HYTORC® Torque Tools. HYTORC® has developed
spline adapters and reaction plates for adapting the Z° System to its array of
electrically, hydraulically and pneumatically operated torque power tool models
for regular clearance, low clearance and offset link bolting applications. FIG. 12A
shows socket coupling means, or spline adapters, 18 and 18A, as discussed with
respect to FiGs. 5A, 58, 5C and 5D. Spline adapter 18A is designed for use with
HYTORC® pneumatic and electric torque guns, such as Z® Gun 10A (and 108),
as shown again in FIG. 12B. It is shaped as an annuiar ring having splined
engagements on its inner and outer sides. Inner drive socket 16 and outer
reaction socket 17 of dual drive sockel 15 are cooperatively coupled together and
relatively rotatable in opposite directions in LSHT mode through the tool housing

and/or other known and/or proprietary means via socket coupling means 18A.
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As shown in FIG, 12C, spiine adapter 18 is designed for use with Applicant's
hydraulic torque tools, such as the HYTORC® ICE® 10C and the HYTORC®
AVANTI® 10D and other such tools. it is shaped as a stepped annular ring with
an upper portion and a lower portion fused together having different radius. The
upper ring has a shorter radius and interior splined engagements {o nonrotatably
engage with splined reaction support portions 19A and 198 of tools 10C and
10D. The lower ring has a longer radius and exterior splined engagements to
nonrotatably engage with splined portions on outer reaction socket 16. Inner
drive socket 16 and outer reaction socket 17 of dual drive socket 15A are
cooperatively coupled together and relatively rotalable in opposie directions
through the tool housings and/or other known andfor proprietary means via

socket coupling means 18.

FiGs. 13A and 13B show a 2% Reaction Pad 178 for use with the HYTORC®
STEALTH® 10€ designed mainly for low clearance bolting applications. Reaction
pad 17B is shaped to fit the dimensions of STEALTH® 10E and non-rotatably
attaches o the tool housing via pins or screws, 7® Reaction Pad 17B non-
rotatably engages with Z° Washer 1.

Z¥System Applied to HYTORC® Offset Link. 7°Sysiem benefits are
achievable with proprielary duat drive interchangeable offset links, such as, for
example, apparatus 80. Link 80 is powered by HYTORC®'s proprietary coaxial
action and reachion torque tools, such as, for example, HYTORC®ICE® 10C
hydrautic torque tool or the HYTORC®Z® Gun 10B {or 10A) pneumatic torque
muitiplier. Other such tools include HYTORC®s proprietary iGUN® Single Speed,
IGUN® Dual Speed Plus, AVANTI® 10D and/or STEALTH® 10E. Such proprietary
dual drive interchangeable offset links are disclosed thoroughly in the following
commonly owned and co-pending patent applications, entire copies of which are
incorporated herein by reference: Patent Cooperation Treaty Application Serial
No. PCT/US2014/035375, having Fiing Date of 24 Aprii 2014, entitled
‘APPARATUS FOR TIGHTENING THREADED FASTENERS", and U.S.
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Application Serial No. 81/840,818, having Filing Date of 18 February 2014,
entitled "APPARATUS FOR TIGHTENING THREADED FASTENERS”.

FIGs. 14A and 14B show top and z botiom perspective views of offset drive link
assembly 80, for transmission and multiplication of torgue from HYTORC® ICE®
10C for tightening or loosening a threaded fastener (not shown) over Z° Washer
1. Link 80 includes: a drive force input assembly 81, a drive force output

assembly 82; and a reaction force assembly 83

Generally during a tightening operation, a bottorn knurled face of Z°Washer 1
rests on a joint to be closed while a boltom face of a nut or bolt head o be
tightened rests on a top smooth face of 2% Washer 1. Outer edges of Z® Washer
1 nonrotatably engage with and react in a recess of an outer reaction socket of
reaction force assembly 83. Meanwhile an inner socket of drive force output

assembly 82 tightens the nut or bolt head over Z° Washer 1.

Advantageously the offset drive link assembly: allows access to previously
unreachable fasteners due to, for example protruding threads, limited clearances
and obstructions, makes practical previously unusable devices driven either
electrically, hydraulically, manually and/or pneumaticailly; makes feasible
previousty unusable advanced malerials, such as, for example auvcraft-grade
aluminum; creates modular components, such as, for example hex-reducing and
-increasing drive bushings, male to female drive adaptors, to meet boliing
application characteristics; vields accurate and customizable torque
multiplication; tames drive force and reaction force application, overcomes
corrosion, thread and facial deformation; avoids bolt thread galling; nullifies side
lcad; ensures balanced bolt load for symmetrical joint compression; simplifies link

and tool use; minimizes risk of operator error, and maximizes bolling safety.

The HYTORC® Z° System Used with a HYTORC® Dual Faced Friction
Washer. Per FIGs. 15A - 15G, it may be necessary to keep the back nut or bolt

head from tuming depending on relative friction conditions in play during use of
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the HYTORC® 7® System. If necessary the operator inserts a HYTORC®
proprietary dual faced friction washer 85 under the back nut or bolt head 22. its
two friction enhanced faces 86 and 87 keep boilt head 22 from turning, especially
as soon as load begins {o be applied to bolt 24, Generally friction discussions
related to Z° Washer 1 apply to friction enhanced faces 86 and 87. Similar
benefits are achieved, as in lower bearing face 3 of Z® Washer 1, by strategic

placement of the friction enhancements on faces 86 and 87.

In other words, a HYTORC® proprietary washer system, or dual counter-torque
washer system, includes a first washer having external reaction force
engagement means and one friction face for use under a nut or bolt head to be
tightened or loosened (such as Z® Washer 1), and a second washer having two
friction faces for use under a nut or bolt head on the other side of the joint {such
as dual faced friction washer 85). This dual counter-torque washer system stops
the stud or bolt from turning along, so as to control the thread and facial friction of
the fastener 10 achiave a better transiation from torgue {o bolt load, Note that any
friction coefficient increasing treatments discussed with respect to the HYTORG®
Z® Washer is applicable to HYTORC® Dual Faced Friction Washer 85,

Note that this dual counter-lorque washer system may be used with any portion,
any combination or all of the HYTORC® Z® System. Recail that torque has
unknown friction and tension has unknown bolt relaxation. This washer system
may come in a set to eliminate uncontroliable facial friction and uncontrollable

side lpad to improve the bolt load accuracy of torque and tension.

Further, direct tension indicating washers, or Squirter® Washers, may be used
with any portion, any combination or all of the HYTORC® Z® System. They are
disciosed in the foliowing U.S. patenis issued {o Applied Boilting Technology
Products, Inc., entire copies of which are incorporated herein by reference,
5,769,581, 5,631,818, 6,425718 and 8002641 In one particularly
advantageous embodiment, another HYTORG® proprietary washer system, or

dual counter-torque and/or load indicating washer system {not shown), includes a
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first washer having external reaction force engagement means and one friction
face for use under a nut or boit head to be tightened or loosened (such as Z°
Washer 1), and a second washer having two friction faces for use under a nut or
bolt head on the other side of the joint {such as dual faced friction washer 85)
including characteristics of Squirter® Washers. This dual counter-torque washer
system stops the stud or bolt from turning along, so as to control the thread and
facial friction of the fastener to achieve a better transiation from lorgue to boit
load, and clearly indicate once a boling job is done. Note that any friction
coefficient increasing treatments discussed with respect to the HYTORC® Z°
Washer is applicable to HYTORC® Dual Faced Friction Washer 85 including
characteristics of Squirter® Washers.

The HYTORC® 2° Gun {In Detail). Referring to FiGs. 16A and 16B by way of
example, these show perspective views of tools 10A and 108, originally shown in
FiGs. 3A-3C as the HYTORC Z° Gun. Tools 10A and 10B include: drive input
and output assembly 100; turning force multiplication assembly 200, vibration
force assembly 300, mode shifting assembly 400; and dual drive outpul and
reaction sacket assembly 15, or the HYTORC® Z® Socket.

Referring to FIG. 17A by way of example, this shows a side, cross-sectional view
of tool 10A in LSHT mode. Refeming to FIG. 178 by way of example, this shows

a side, cross-sectional view of tool 10B in HSLT mode.

FiGs. 17A and 178 show drive input and output assembly 100 of tools 10A and
108. Drive input components include drive tool housing 101 containing a drive
generating mechanism 102, handie assembly 103, and a swilching mechanism
104. Drive generating mechanism 102 generates torque turning force 81 in one
direction 93 to twn nut 36 and is shown formed as a motor drive means which
may include either a hydraulic, pneumatic, electric or manual motor. Drive tool
housing 101 is shown generally as a cylindricat body with handle assembly 103
that is held by an operator. Handle assembly 103 includes a switching

mechanism 104 for switching drive-generating mechanism 102 between an
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inoperative position and an operative position, and vice-versa. A tuming force
input shaft 121 connecls drive input components of drive inpul and output
assembly 100 with turning force multiplication assembly 200 and vibration force
assembly 300 and transfers turning force 91 between the same. A turning force
output shaft 122 includes a driving part 123, which can be formed for example as
a square drive. Turning force output shaft 122 connects drive cutput comporients
of drive input and output assembly 100 with turning force multiplication assembly
200 and vibration force assembly 300 and fransfers a multiplied or vibrated form
of turning force 91 between the same and dual drive output and reaction socket
assembly 15. In one mode of operation, a reaction force spline adaptor 443
receives torque reaction force 82 in the opposite direction 94.

FIG. 18 is a side, cross-sectional view of turning force multiplication assembly
200 and vibration force assembly 300 of tool 10A in LSHT mode. FIG. 18 also
shows portions of drive input and output assembly 100. Components not
otherwise shown in other FIGs. include turning force output shaft bearing 191,
Figure 19 is a is a perspeclive, cross-sectional view of drive tool housing
assembly 101, drive tool handle assembly 103 and related intemal components
of tool 10A and tool 10B. FIG. 18 shows portions of drive mput and output
assembly 100. Components shown include: a handle rear cover 131, a gasket
137 adjacent rear cover 131 and the back of housing 101, motor assembly 102,
an air valve assembly 132 having an cuter air valve 133 and an inner air valve
134 held in place by a dowel pin 135. Rear cover 131 atiaches to the back of and
holds in such components in housing 101 by BHCS torque screws 136. A trigger
assembly 150 includes: switching mechanism 104, springs 151, a trigger shaft
bushing 152; and a frigger rod 153. Handle 103 includes: a control valve
assembly 155 with a contfrol valve 157 and a dowel pin 158, a conical spring 161;
a regulalor valve spacer 162; o-rings 183, one formed between control valve
assembly 155 and an internal regulator housing 164 and one formed between
internal regulator housing 1684 and boftem plate 173, A mesh screen 171 is
formed between botiom plate 173 and a noise filter 172. A socket head cap

screw 174 cormects such componenis and bottom plate 173 having a gasket 176
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to handle assembly 103. An air fitting 175 extrudes from bottom plate 173 and
connects to internal regutator housing 184, A handle push-button assembly 180
{not shown) allows an operator to change turning force direction and includes: a
push button handle insert 181, a push button rack 182; a spring 183; and

connectors 184,

Turning force mulliplication assembly 200 includes a tuming force multiphication
mechanism 210 in a turning force muttiplication mechanism housing 201
substantially for LSHT mode including a plurality of turning force multiplication
transmitter assemblies. In the embodiments shown in FIGs, 17A and 178, turning
force multiplication assembly 200 includes five (5) multiplication transmitter
assemblies 211, 212, 213, 214 and 215. It 15 to be understood that there are
numerous known types of force mulliplication mechanisms. Generally turmng
force muitiplication transmitter assemblies 211 - 215 make up turning force
multiphcation mechanism 210, a compound epicyclic gearing system. it may
include a pluraiity of outer planetary gears revolving about a cenltral sun gear.
The planetary gears may be mounted on movable carriers which themselves
may rotaie relative to the sun gear. Such compound epicyclic gearing systems
may include outer ring gears that mesh with the planetary gears. Simple epicyclic
gearing systems have one sun, one ring, one carrier, and one planetary set.
Compound planetary gearing systems may include meshed-planetary structures,
stepped-planet structures, and/or multi-stage planetary structures. Compared to
simple epicyclic gearing systems, compound epicyclic gearing systems have the
advantages of larger reduction ratio, higher torque-to-weight ratio, and more
flexible configurations.

Turning force multiplication transmitter assemblies 211-215 may include: gear
cages, planetary gears; ring gears, sun gears, wobble gears; cycloidal gears,
epicyclic gears; connectors; spacers; shifting rings; retaining rings; bushings;
bearings; caps; transmission gears; transmission shafls; positioning pins; drive
wheels, springs: or any combination or portion therecf. Tuming force

muttiplication transmitters such as 211 - 215 may include other known like
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components as well. Note that turning force input shaft 121 also may be
considered a turming force multiplication transmitter; specifically it's a first stage
motor sun gear of turning force multiplication transmitter 211. Turning force
multiplication assemblies are well known and discloseg and described. An
example is disclosed and described in Applicant's .S, Patent No. 7,950,309, an

entire copy of which is incorporated herein by reference.

FiG. 18 shows more detail of portions of turning force multiplication assembly
200 than FiGs. 17A and 17B. Components turning force multiplication assembly
200 shown in FIG. 18 and not in FiGs. 17A and 17B include: a lock nut 250, a
lock washer 249; a bearing 241, a housing adapter 247, a bearing spacer 252,
an lnternal retaining ring 243, a bearing 242, a gearbox conneclor 248; a top and
a bottom internal retaining ring 251; a top and bottom ball bearing 246; a double

sealed bearng 244, and an internal retaining ring 245.

Vibration force assembly 300 includes a vibration force mechanism 310 in a
vibration force mechanism housing 301 substantially for HSLT mode including
gither one or a pluralily of vibration transmitters. In the embodiment shown in
FiGs. 17A and 17B, vibration force assembly 300 includes two vibration,
specifically impaction, transmitters 311 and 312. It is to be understood that there
are various known vibration force mechanisms, and often mvolve impaction force
mechanisms consisting of an anvil and a2 turmning hammer. The motor tumns the
hammer and the anvil has a ftuning resistance. Each impact imparts a

hammering force, which 1s passed on {o the output drive.

Generally vibration force assemblies may include vibration force mechanisms
such as ultrasonic force mechanisms including an ultrasonic force transmitters;
mass imbalance force mechanisms including mass imbalance force transmitters,
or any other time-varying disturbance (load, displacement or velocity)
mechanisms including a time-varying disturbance {(load, displacement or velocity}
force transmitters. Further vibration force assemblies may include: hammers;

anvils, connectors; spacers, shifting rings retaining rings; bushings, bearings,
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caps; transmission gears; transmission shafts; positioning pins; drive whseels;
springs; or any combination thereof. Vibration transmitters such as 311 and 312
may include other known like components as well. FIG. 18 also shows a dowel

pin 320

Generally the RPMs of tools 10A and 10B decrease as torgue outpul increases.
The activation or deactivation of vibration force mechanism 310 alternatively may
be such that when the RPMs drep below or go beyond a predetermined number,
vibration force machanism 310 becomes ineffective or effective. In the HSLT
mode vibration force mechanism 310 provides a tuming force to the nut. In LSHT
mode vibration force mechanism 310 acts as an extension to pass on the Wring
force from one part of the tool to another. Note that vibration force mechanism
310 can be located either close to the tool motor, close to the tool oulput drive or

anywhere in between.

In HSLT mode, vibration force mechanism 310 always receives a turning force
and turns; the housing may or may not receive a turning force, and the torque
output 15 relatively low, which is why the housing does not need {o react. Note
that in the embodiments of FIG. 17A and 178, vibration force mechanism 310 is
operable only in a2 higher speed mode, such as HSLT mode. This in turn means
that at a lower speed when the torgue intensifier mecharsm s operable, such as
LSHT mode, there is no impact and/or minima! vibration. Durning HSLT mode, at
least two multiphcation transmitters are unitary and rotate with the hammer to
increase inertia and assist i the hammering motion from the impaction
mechanism. Note that when a fastenar exhibits little or no corrosion, thread and
facial deformation and/or thread galling, vibration force mechanism 310 may not

be necessary in HSLT mode.

Slide action mode shifting assembly 400 is substantially for shifting tool 10A from
LSHT mode to HSLT mode and tool 10B from HELT mode to LSHT mode. in the
embodiments shown in FIGs. 17A and 17B, slide action mode-shifting assembly

400 includes: a shifter base 401; a shifter collar 442; a spline shifter swivel 443; a
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shifter spline ring 445; an exiernal shifting ring 458, and an intermal shifting
assembly 450. Intemal shifling assembly 450, as shown in FIGs. 17A and 178
includes: an internal shifting bushing 452; an internal shifling ring 453; and

coupling ball bearings 454,

Slide action mode-shifting assembly 400 may include: manual assemblies
{sequential manual, non-synchronous or preselecied) or automatic assemblies
{(manumatic, semi-automatic, electrohydraulic, saxomat, dual clutch or
continuously variable), torque converiers, pumps; planetary gears; cluiches;
bands; valves, connectors; spacers; shifting rings retaining rings, bushings;
bearings: collars; locking balls; caps, transmission gears; transmission shafis;
synchronizers, positioning pins; drive wheels, springs, or any combination or
portion thereof. Mode shifting components may include other known like
components as well. it is to be understood that there are various known mode-
shifting assembiies, and often involve shifting components consisting of collars,

rings and locking balls.

FIG. 18 shows more detail of portions of slide aclion mode shifting assembily 400
than FiGs. 17A or 17B. Additional components of shifting assembly 400 shown in
FIG. 18 and not shown in FIGs. 17A and 178 include: internal retaining rings
451, 457 and 459, a boftom and a top bushing 446 and 447, and shifler rning
reaction plugs 458. Figure 20 (s a perspective view of mode shifting assembly
400 of tool 10A and tool 10B. FIG. 20 shows substantial external portions of
mode-shifting assembly 400. Componenis not otherwise shown in other FiGs.
include: a lock shaft cap 402 a handle insert 403; a handle grip 404; a pull
handle 405, an actustor link and shifter pin 406; a pwot pin 407; a shifter
gxtension bracket 410; SHCS 411; a shifter fastener assembly 430; a bottom ang

a top shifter link 441; a wave spring 448; and a holder spline 448.

Referring back to FiGs. 5A — 5D, they show perspective and cross-sectional view

of duat drive output and reaction socket assembly 15 of tool 10A and tool 108
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and dual drive output and reaction socket assembly 15A of tool 10C and {00l
100.

iIn LSHT mode, dual drive oulpul and reaction socket assembly 15 is
substantially for transferring a multiplied form of turning force 91 to nut 36 in one
direction 93 and the corresponding multiptied form of reaction force 92 in another
direction 94 to 7Z® Washer 1, which acts as a stationary object. In HSLT mode,
dual drive output and reaction socket assembiy 15 is substantially for fransferring
a vibrated form of turning force 81 to either nut 36 or nut 36 and washer 1 in one
direction 93. In the embodiment shown in FiGs. 17A and 178, dual drive output
and reaction socket assembly 15 includes an inner drive socket 16 and an outer
reaction socket 17. Outer reaction socket 17 is non-rotafably engageable with
reaction force spline shifter swivel 443 during the LSHT mode. Ut is fo be
understood that there are various known engagement mechanisms to transfer
turning and reaction forces 1o threaded fasteners and nuts and washers thereof,

including castellation, spline and other geomeltrias.

Tool 10A operates per the following in LSHT mode. The operator pulls shifter
base 401 toward a rear position. Coupling/locking ball bearings 454 disengage
from tuming force multiplication mechanism housing 201 and engage with shifter
spline ring 445 inside reaction force spline shifier swivel 443. Shifter base 401 is
linked with turning force multiplication mechanism housing 201 Tuming force
multiplication transmitters 211 - 215 are unlocked and free to rotate relative to
each other. The operator's pulling of shifter base 401 toward a rear position also
engages shifting assembly vibration (impaction) force spline ning 453 with
vibration (impaction} force mechanism housing 301. This locks up vibration
{impaction) force transmitters 311 and 312 and thus vibration {impaction) force
assembly 300. And this allows turning force cutput drive shaft 120 to be driven by
the fifth gear cage of turning force multiplication trapsmitter 215, which is spline
engaged with vibration (impaction) force mechanism housing 301. Spline shifter
swivel 443 is spline engaged with reaction socket 17. And reaction socket 17 18

geometrically engaged with washer 1 under nut 36. Upon seating of nut 38,
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compressed locking disc washer 1 serves as the stationary object by which
twrning force multiplication mechanism housing 201 reacts off of reaction
socket 17. With turning force muitiplication mechanism housing 201 held still,
turmning force mulliplication transmitters 211 - 215 tighten seated nut 36 via

turning force output drive shaft 120.

Generally operation of tool 10B requires activation or deactivation of impaction
mechanism 310. Slide action mode shifting assembly 400 can shifi tool 10A
between either: multiplication mechanism 210; impaction mechanism 310; part of
multiplication mechanism 210 (such as for example one of the plurality of
multiphication fransmitters), part of impaction mechanism 310 (such as for
example one of the plurality of impaction transmitiersy, or any combination

thereof.

Tool 108 operates per the following in HSLT mode. The operator pushes shifter
base 401 toward a forward position Couplingflocking ball bearings 454 engage
with  tuming force multiplication mechanism housing 201 and  vibration
(impaction) force mechanism housing 301. Shifter spline ring 445 disengages
from inside reaction force spline shifter swivel 443, thereby rendering it die and
inactive. Therefore reaction socket 17 is idle and inactive because it is not spline
engaged with tuming force mullipticalion mechanism housing 201, Wilh
coupling/locking ball bearings 434 engaged with vibration {(impaction) force
mechanism housing 301, turning force multiplication transmitters 211 - 215 are
locked up and unable f{o rofate relative to each other. Thus tuming force
multiphcation assembly 200 turns as a unitary mass via turning force input shaft
121. Motor 102 turns tuming force input shaft 121 that includes the first stage sun
motor gear of turning force multiplication transmitter 211, The operator’s pushing
of shifter base 401 toward a forward position also disengages shifting assembly
vibration {impaction} force spline ring 453 from vibration (impaction) force
mechanism housing 301. This unlocks vibration (impaction) force {ransmitiers
311 and 312 and thus vibration {impaction} force assembly 300 Vibration

(impaction) force mechanism housing 301 is spline engaged with the fifth gear
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cage of turning force multiplication transmitter 215, Vibration (impaction) force
transmitter 312 (anvil), is spline engaged to turning force output drive shaft 120,
which runs up or down nut 36 on stud 23 by impact of vibration {impaction) force

transmitter 311 (hammer).

Referring back to FiGs. 3A-3C and FiGs. 4A-4B, generally and from the
perspective of nut 36, tool 10A either tightens, loosens or tightens and locsens
nut 36 in LSHT mode. And tool 10B sither runs up, runs down or runs up and
runs down nut 36 in HSLT mode. Generally and from the perspective of washer
1, tool 10A, in LSHT mode, either: pressurizes washer 1" between tightened nut
38" on loaded stud 23" and tightened joint 30” to the pre-determined tightening
torque; and/or compresses washer 1' between seated nut 36' on pre-loosened
stud 23" on pre-loosenad joint 30 from the pre-determined tightening torque.
Generally and from the perspective of washer 1, tool 10B in HSLT mode, either:
compresses washer 1 between seated nut 21" on pre-loaded stud 23" on pre-
lightened joint 30’ to the pre-determined pre-tightening torque; decompresses
washer 1 between nut 36 on stud 23 on lcosened joint 30 from the pre-
determined pre-tightening torque; or vibrates pressurized washer 1”7 between
tightened nut 21" on loaded stud 23" on tightened joint 30" to adequately
pulverize bolt thread corrosion. Note that reference numerals with ' and ¥

represent similar force magnitudes.

During HSLT mode toot 108 either: runs down either nut 36 or both nut 36 and
washer 1 on stud 23 with turning force 91 in one direction 93 to seat nut 36’ and
comgress washer 17 on pre-loaded stud 23 on pre-tightened joint 30 o a pre-
determined pre-tightening torque; runs up either seated nut 36" or both seated
nut 367 and compressed washer 1 on pre-loosened stud 23 on pre-loosensad
joint 30" with turning force 82 in an opposite direction 94 from a pre-determined
pre-ioosening torque; or vibrates (impacis) tightened nut 38" over pressurized
washer 1" to apply vibration to adequalely pulverize thread corrosion. During
LSHT mode tool 10A either: tightens seated nut 38’ on compressed washer 1" on

pre-lcaded bolt 23 on pre-tightened joint 30" with turning force 81 in one direction
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893 to the pre-dstermined tightening torque and applies reaction force 82 in
opposite direction 93 to compressed washer 1, or [oosens tightened nut 38" over
pressurized washer 17 on loaded stud 237 on tightened joint 307 with turming
force 92 w1 opposite direction 94 from a pre-determined tightening torque and
apptlies reaction force 81 in one direction 93 to pressurized washer 1". Note that

reference numerals with ' and ” represent similar force magnitudes.

During operation tool 10A switches from LSHT mode to tcol 10B in HSLT mode
upon unseating nut 36 and decompressing washer 1 at the pre-determined pre-
loosening torque. During operation tool 10B switches from HSLT mode to tool
10A in LSHT mode upon either. seating nut 36 and decompressing washer 1 at
the pre-determined pre-tightening torque; or adequate pulverization of thread
corrasion. Note that the operator uses mode-shifting assembly 400 to switch the
tool from LSHT mode to the HSLT mode or visa versa, but such a switch may
include other known like components as well. Note that mode shifting assembly
400 is a manual switch, but may be automatic. Simtlarly, note that activation or
deactivation of vibration (impaction} force assembly 300 may occur sither
manually or automatically. Note that LSHT mode can be swiiched from lorque
regulated to vibration assisted or vice versa, and wherein HSLT mode can be
switched from vibration regulated to torgue assisted or vice versa. Note that
vibration (impaction) force assembply 300 can continue operating even if washer 1
begins or ceases rotation. And note that LSHT mode may be vibration assisted
for loosening nut 36 to help overcome chermical, heat and/or lubrication corrosion

and avoid bolt thread galling.

Note that power tools for gall-reduced tightening and locosening of industrial
fasteners in accordance with the present invention may also be characterized in
that: turning force muttiplication mechanism housing 201 is operatively connected
with at least one turning force muitiplication transmitter 211 - 215; during LSHT
mode at least two of multiplication transmitiers 211 — 215 rotate relative 1o the
other, and during HSLT mode at least two of multiplication transmitters 211 - 215

are unitary o assist the hammering motion imparted by the turning force
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impaction mechanism 310. During HSLT mode, turning force output drive shaft
120 and the combination of the tuming force multiptication assembly 200
including its housing tum as a unitary mass in the same direction. This creates
inertia that enhances torque outlput of the impaction mechanism to overcome

corrosion, thread and facial deformation and avoid bolt thread galling.

Methods are disclosed of gall-minumized tightening and loosening of ftwo parts
with one another with industrial fasteners 20 of the kind having nut 36, washer 1
and stud 23 with a power tool (10A and 10B) of the kind having: motor 102 to
generate a turning force; a drive {122 and 123) to transfer turmning force 81;
turning force multiplication mechanism 210 in tumning force multiplication
mechanism housing 201 for LSHT mode including tuming force muitiplication
transmitters 211 - 215; vibration force mechanism 310 for HSLT including
vibration transmitter 311, 312, drive socket 186 operatively connected with nut 36;
reaction socket 17 during LSHT mode, operatively connected to washer 1 to
transfer reaction force 92 to washer 1, and during HSLT mode, either operatively
connected to or operatively disconnected from washer 1. Such method including:
wherein tightening includes: placing washer 1 on a free stud end 25; placing nut
36 over washer 1 on free stud end 25; running down, in HSLT mode, either nut
36 or put 36 and washer 1 on free stud end 25 to a pre-determined pre-tightening
torque to seat nut 36 and compress washer 1; switching from HSLT mode to
LSHT mode; and torqueing tight, in LSHT mode, seated nut 36 fo a pre-
determined tightening torque and pressurizing washer 1 between tightened nut
36 and tightened jont 30; wherein loosening includes: placing tool 10A over
tightened nut 36 and pressurized washer 1, torqueing loose, in LSHT mode,
tightened nut 36 over pressurized washer 1 to a pre-determined lcosening
torque; switching from LSHT mode to HSLT meode; and running up, in HSLT
mode, either seated nut 36 or seated nut 36 and compressed washer 1 on free
stud end 25. The method of loosening further includes: vibrating, in HSLT mode,
tightened nut 36 over pressurized washer 1 to apply vibration {0 pulverize bolt

thread corrasion; and switching from HSLT mode o LSHT mode.
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Tools 10A and 10B, above, and tools 10F, 106G, 10H and 10! bslow, are
generally describable as power tools for gali-minimized tightening and loosening
of an mndustrial threaded fastener of the kind having a coaxial reaction surface, a
stud and either a nut threadedly engageable with the stud or a stud-head
connectsd to the stud. Tools 10A, 108, 10F, 106G, 10H and 101 include: a motor
to generate a turning force; a drive o transfer the turning force; a turning force
multiplication mechanism in a housing ncluding a turning force multiphication
transmitter for all torgue modes from lower resistance to higher resistance; and at
least one vibration force mechanism including a vibration transmitter for an
intermittent force mode operatable dunng all torgue modes from lower resistance
to higher resistance.

Alternatively tools 10A and 10B, above, and tools 10F, 106G, 10H and 10! below,
are describable as power tools for gall-minimized tightening and loosening of an
ingdustrial fastener of the kind having a nut, 2 washer and a stud, the tools
inciuding: a motor to generate a turning force; a drive (o transfer the turning
force; a turning force multiplication mechanism in a housing including a turning
force muitiplication transmitter for a continuous torque mode; a vibration force
mechanism including a vibration transmitter for either. an intermittent torque
mode; an intermittent force mode; or both the intermittent torque mode and the

irtermittent force moede.

Referring to FIG. 21A by way of example, this shows a cross-sectional view of an
embodiment of the present invention as tool 10F, a power tool for galt-minimized
tightening, loosening or both tightening and loosening of an industrial threaded
fastener 801 of the kind having a stud and a nut threadedly engageable with the
sfud. Tool 10F includes: a drnive input and output assembly 810; a turning force
multiplication assembly 820; a vibration force assembiy 830, a mode shifting

assembly 840; and a drive cutput socket and reaction arm assembly 850,

Referring to FIG. 21B by way of example, this shows a cross-sectional view of an

embodiment of the present invention as tool 10G. Tools 10F and 10G are similar
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as noted by duplication of reference numbers. Tool 10G is a reaction arm-free
power tool for gall-minimized tightening, loosening or both tightening and
loosening of an industrial threaded fastener 802 of the kKind having a coaxial
reaction surface, such as, for example, HYTORC® 2® Washer 1, a stud and a nut
threadedly engageable with the stud. Tool 10G includes: a drive input and output
assembly 810; a turning force multiplication assembly 820; a vibration force
assembly 830; a mode shifting assembly 840, and dual drive output and reaction
socket assembly 855, which is similar to HYTORC® 2% Socket 15.

Tools 10F and 10G include a turning force multiplication mechanism with either
one or a pluratity of gear stages. A vibration force mechanism includes: a turning
force wmpaction mechanism having a hammer and an anvil; and an intermitient
force mechanism 860 of either: an ultrasonic force mechamsm including an
ultrasonic force transmitter; a mass imbalance force mechanism including a
mass imbalance force transmitter; or any other time-varying disturbance (load,
displacement, turn or velocity) mechanism including & time-varying disturbance
(lcad, dispiacement, turn or velocity) force transmitter. Tool 10F represenis a
maodified HYTORC® THRILL® Gun ncluding mtermittent force mechanism 860.
Tool 10G represents a modified HYTORC®™ Z® Gun including intermittent force
mechanism 860.

Referring to FIG. 22A by way of example, this shows a cross-sectional view of an
embodiment of the present invention as tool 10H, a power tool for gall-minimized
tightening, loosening or both tightening and loosening of an industrial threaded
fastener 901 of the kind having a stud and a nut threadedly engageable with the
stud. Tool 10H includes: a drive input and output assembly 810; a turning force
muitiplication assembly 920, a vibration force assembly 960, a mode shifling

assembly 340; and a drive output socket and reaction arm assembly 950.
Referring {o FIG. 228 by way of example, this shows a cross-sectional view of an

embodiment of the present invention as ool 101 Tools 10H and 10 are similar

as noted by duplication of reference numbers. Tool 100 is a reaction arm-free
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power tool for gall-minimized tightening, loosening or both tightening and
loosening of an industrial threaded fastener 901 of the kind having a coaxial
reaction surface, such as, for example, HYTORC® Z® Washer 1, a stud and a nut
threadedly engageable with the stud. Tool 101 includes: a drive input and output
assembly 910, a turning force multiplication assembly 920; a vibration force
assembly 9680, a mode shifting assembly 950; and dual drive output and reaction
socket assembly 955, which is simitar o HYTORC® 7% Socket 15.

Tools 10H and 10! include 2 turning force multiplication mechanism with either
one or a plurality of gear stages. A vibration force mechanism 9560 includes
either. an ultrasonic force mechanism including an ultrasonic force transmitter, a
mass imbalance force mechanism including a mass imbalance force transmitter,
or any other time-varying disturbance (load, displacement, turn or velocity)
mechanism including a time-varying disturbance (load, displacement, turn or
velocity) force transmitter. Tool 10H represents a modified HYTORC® jGUN®
Dual Speed Plus including intermittent force mechanism 980. Tool 10{ represents
a modified HYTORC®™ jGUN® Dual Speed Plus including intermittent force
mechanism 960 and duat drive output and reaction socket assembly 955, which
is simifar to HYTORC® 7% Socket 15.

Further to tools 10A, 10B, 10G and 10! the drive socket is operatively connecied
with the nut. The reaction socket may be operatively connected to the housing
and the coaxial reaction surface during the higher resistance torque mode to
transfer a reaction force {0 the coaxial reaction surface. Alternatively {he reaction
socket may be either operatively connected to the housing and the coaxial
reaction surface or operatively connected to the housing and operatively
disconnecied from the coaxial reaction surface during either the lower resistance
torque mode or the intermittent force mode. The drive socket is shown as an

inner socket and the reaction socket is shown as an outer socket.

The following discussion relates to tools 10A, 108, 10F, 106G, 10H and 101 Note

that for ease of description any reference to a "nut” or “fastener” includes the
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possibility of. a stud-head attached {0 a stud; a nut and a washer on and/or over
a stug; a stud-head attached to stud and a washer over the stud. Note that any
suitable fastener geomeiry may be used with the present invention, such as, for
example: an allen key connection, a socket shoulder screw ("SSC") head, a
socket head button screw ("SHBS") head; a hex head cap screw {"HHCS") head;
a round head slotted screw ("RHSS") head, a flat head torx screw ("FHTS")
head; a sockel set screw ("SS§8") head, or a socket head cap screw "(SHCS")
head.

These discussions describe the coaxial reaction surface as a washer. In some
instances, however, the washer may be formed either integral with or bonded to
a joint o be tightened or loosened. In other instances the coaxial reaction surface
is a portion of the stud extending beyond the nul. In still other instances a coaxial
reaction arm may abut against a viable and accessible stationary object for gali-

minimized tightening and loosening.

Z"-8quirter™ Washer. FIG. 23A is a top view and FIG. 23B is a bottom view of
hybrid Z®-direct tension indicating, or Z%-Squirter®, Washer 2301. Z°-8quirter®
Washer 2301 has similar characteristics to Washer 1 shown in previous FiGs. of
the present application and similar characteristics to the direct tension indicating
washers disclosed in the following U.S. palents issued to Applied Bolting
Technotogy Products, Inc., entire copies of which are incorporated herein by
reference, 5,769,581, 5,931,618, 6,425,718 and 8,002,641,

Z®-Squirter® Washer 2301 includes protuberances 2312, having a height Haac,
are formed on a first surface 2314 and comresponding indentations 2316 are
formed on a second surface 2318. FIG. 23C is a cross-sectional view of Z%-
Squirter® Washer 2301 taken along line 2314 of FIG. 23A and FIG. 23D 15 an
enlarged view of a portion of FIG, 23C. -Squérﬁer® Washer 2301 also includes
channels 2362 that extend from each indentation 2316 to an ouler edge of
second surface 2318. indeniation 2316 is filled with an indicating material 2364

as shown in detail in FIG. 23D. Z®-Squirter® Washer 2301 is manufactured in a
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process similar to the direct tension indicating washers disclosed in U.S. Patent
Nos. 5,769 581, 5,931,618, 6,425 718 and 8,002,641, For example, a tool and
die are used to stamp protuberances 2312, indentations 2316 and channels 2362
into Z2® Washer 1. Other processes, such as metal machining or metal casting
may be used fo form Z®-Squirter® Washer 2301. in some cases, the metal
product will be heat treated by quenching and tempenng after forming to produce
spring-ike load/deformation properties. In an exemplary embodiment, Z*-
Squérier® Washer 2301 is made from carbon steel, but stainless steel, nonferrous
metais, and other alloy products may alse be used. Indicating material 2364 is an
extrudable, elastomeric solid material such as colored silicone.

FIGS. 24A-24F illustrate the state of 28-Squirter® Washer 2301 as a boit 2350,
having a radius similar to Ry, is tightened on Z®-Squirter® Washer 2301 FIG.
24A shows the placement of Z8-Squirter® Washer 2301 adjacent to a boit head
2350 which is threaded to a nut 2352 (not shown). The conditions shown in FIG.
24A are identified as stage 1 where bolt 2350 is at rest. As bolt 2350 is tightened,
the bottom of the boit head contacts protuberances 2312 and begins to compress
protuberances 2312 towards first surface 2314 as shown in FIG. 24B. Al this
state, identified as stage 2, protuberances 2312 on first surface 2314 are slightly
compressed, having a height Hae. FIG. 24C is an enlarged view of one of
indentations 2316 ilustraling that the force exerted by protuberance 2312 forces
indicating material 2364’ inlo channel 2362 As bolt 2350 is further tightened,
protuberances 2312 are compressed and bghtening is discontinued when a
height H of protuberances 2312”7 is at or below a predetermined height Hasp. At
this point, the bolt installer knows that the bolt tension is equal to or greater than
the required minimum. This state is identified as stage 3 and is shown in FiG.
24D, FIG. 24E shows protuberances 2312 as compared to protuberances 2312”7,
FIG. 24F is an enlarged view of one of indentations 2316 illustrating that the
force exerted by profuberance 2312”7 forces indicating material 2364" through
channel 2362. The bolf installer also knows that the boll tension is equal io or

greater than the required minimum once indicating matenal 23647 is forced
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through channef 2362, indicating material 2364”7 is visible on the surface of the
bolting application.

Generally the 2%-Squirter® Washer 2301 will serve as a reaction point for
torqueing as well as a load indicating appliance in one. It includes the following
characteristics andf/or benefits: consists of a hardened steel alloy or other
resistant matertal, provides a firm surface upon which a threaded nut or boll head
can {urn; protects the bolted joint face from embedment or damaged due o the
tuming and loading of the threaded nut or boll head, distributes the resulting
ctamping force in the bolt over a larger area than that of the nut or boll head
alone; has outer engagement features which can engage a mating socket or
similar fixture connected to a torgueing tool for the purpose of providing a point
against which the socket or fixture, and therefore the torqueing tool can react;
has a roughened or machined bottom surface which fits next {o the joint and
when compressed provides sufficient friction resistance to resist any torque
induced into the nut or bolt, has a smooth or low friction upper surface upon
which the nut or bolt head can tum; has surface bumps or protrusions intended to
flatten under a predetermined amount of compressive stress under a nut or bolt
head; with or without a fluid or soft rubber-like material under the bumps which
can be expressed toward the outside periphery of the washer for the purpose of
visually indicating the successful compression of the washer and therefore ihe
achievement of the desired predetermined boit load, eliminates pinch points
normally incident {o hydraulic bolling tools using with external reaction arms
thereby providing greater safety for the tool operator; eliminate the difficulty of
finding a suitable external reaction point for the torqueing tool improving safety
and speed; eliminate the deleterious effects due to side-loading and bending of
bolts or other fasteners durmg lorqueing with an external reaction arm by
allowing straight axiat tension to be applied; works in concert with other fixtures
and appurtenances to redguce torsion in an accompanying back nut, works in a
similar fashion with so called “tensioning’ tools which create bolt load through
direct elongation of a bolt or stud without the use of large torque value, and

‘squirts” or otherwise indicates that the bolt joad has reached the desired level
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because the washer protrusions have been fiattened or sufficiently compressed
and the indicating material is visible.

HYTORC® z® Washer and Nut Assemblies. An equal and opposite reaction
force is generated during the torgueing process which must be transferred to a
suitable reaclion point, a stationary object. Referring back to FiGs. 2-5 z®
Washer 1 is placed between upper surface 35 of joint 30 and boftom bearing
face 38 of threaded nut 36. Per FIGs. 25A-25E, a Z® Washer 2501 is formed
adjacent and unitary with a botlom bearing face 2538 of a threaded nut 2536.
HYTORCY 2® Washers are disclosed fully in the present application and in co-
owned and co-pending PCT Patent Applications, entire copies of which are
incorporated herein by reference: Serial No. PCTAIS2014/70896, having filing
date of 17 December 2014, entitled "Apparatus for Tightening Threaded
Fasteners” and/or Serial No. PCTAIS2014/71000, having filing date of 17
December 2014, entitied "Apparatus for Tightening Threaded Fasteners” A
HYTORC® 7% Washer and Nut Assembly 2502 includes: threaded nut 2538; and
reaction washer 2501 for receiving counter torque generated due to ightening or
loosening of the threaded fastener.

Reaction washer 2501 includes: an outer edge 2514 having a gsometric shape
2519 thal alfows for rotational coupling with a torgue device via a dual drive
coaxial action and reaction assembly (not shown); and a botiom surface 2513
having friction coefficient increasing treatments 2517 biased in areas outward
from a center bore 2515 Reaction washer 2501 is releasably attached to
threaded nut 2536. The bond between reaction washer 25C1 and threaded nut
2536 breaks at or prior to a predetermined pre-torgue and reaction washer 2501
becomes a suitable reaction point. In this example reaction washer 2501 and
assembly 2502 separate when the bond breaks once compression and friction
forces overcomes such bond. Any suitable bonding and/or connection method
andfor agent may be used, such as, for example, adhesives, glues, epoxies,
magnets, solvents, solders, welds, etc. Such bonding and/or connection methods

andlor agents may be chosen, prepared and/or developed with specific,
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advantageous and repeatable characteristics to meet any bolting application,
Note that such combination creates a nut-washer assembly having similar
advantages to that of the HYTORC NUT™.

Per FiGs. 26A-28D, 2 Z® Washer 2601 is formed adjacent and freely rotatable
with a bottom bearing face 2638 of a threaded nut 2236. HYTORC® Z® Washers
are disclosed fully in the present application and in co-owned and co-pending
PCT Patent Applications, entire copies of which are incorporated herein by
reference: Serial No. PCT/US2014/70996, having filing date of 17 December
2014, entitied "Apparatus for Tightening Threaded Fasteners™ and/or Serial No.
PCT/US2014/71000, having filing date of 17 December 2014, entitled "Apparatus
for Tightening Threaded Fasteners” A HYTORC® 7z® Washer and Nut Assembly
2602 includes: threaded nut 2636, and reaction washer 2601 for receiving

counter torque generated due to tightening or loosening of the threaded fastener.

Reaction washer 2601 includes: an outer edge 2614 having a2 geometric shape
2619 that allows for rotational coupling with a torque device via a dual drive
coaxial action and reaction assembly {not shown); and a bottom surface 2613
having friction coefficient increasing treatments 2617 biased in areas outward
from a center bore 2615. Portions of lower reaction washer 2601 adjacent center
bore 2615 are removed such that a lower inner edge 2662 has a tapered surface

inclined outwardly toward bottom surface 2613.

Threaded nut 2636 has an outer surface 2622 with a geometric formation 2626.
Geometric formation 2626 is also formed as a coupling means 2629 which
nonrotatably engages with the action portion of the torgue device. Portions of
lower threaded nut 2636 adjacent outer surface 2622 are removed such that a
lower outer edge 2663 has a taperad surface inclined outwardly and downwardly.
In other words, bottom surface 2638 is manipulated (deformed or squeezed
outwards) such as to create a iip that engages with lower inner edge 2662 of

reaction washer 2601, In other words, the nul or stud-head and the reaction
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washer are connected by a protrusion extending outwardly and downwardly from
the bottom surface of the nut or stud-head to engage a depression extending
inwardly and upwardly from the bottom surface of the reaction washer. The
engagement of assembly 2802 holds together ang allows free rotation of

threaded nut 2636 and reaction washer 2601.

Free rotation between reaction washer 2601 and threaded nut 2636 ceases at or
prior to a predetermined pre-torque and reaction washer 2601 becomes a
suitable reaction point. In this example free rotation between reaction washer
2601 and threaded nut 2636 ceases once compression and friction forces
overcome such connection,

Any suitable connection method and/or structure may be used. For exampie, o-
rings may be used. In one embodiment, a plastic o-ring shears away at or prior to
the pre-determined pre-torgue. In ancther embodiment, a rubber o-ring creates
an interference fit that is overcome at or prior to the pre-determined pre-torgque.
In another embodiment, as shown in FiGs. 27A-27D, the connection sfruciure is
formed as deformable press-fit tabs which creates an interference fit that is
overcome at or prior to the pre-determined pre-torque. Such methods and/or
structures may be chosen, prepared and/or developed with specific,
advantageous and repeatable characieristics to meet any bolting application. A
HYTORC® Z® Washer and Nut Assembly 2702 includes threaded nut 2736, and
reaction washer 2701 for receiving counter torque generated due to tightening or
loosening of the threaded fastener. Note that such combwnations create a nut-
washer assembly having similar advantages to that of the HYTORC NUT™,

Reacuon washers 2501, 2601, 2701 and/or any reasonable vanation thereof may
be used as suitable reaction points during tightening and or loosening of
threaded fasteners when used with apparatus 2502, 2602, 2702 and/or any
reasonable varnation thereof. Friction coefficient increasing treatmenis 2517
2817, 2717 and/or any reasonable variation thereof may include either:

roughenings, polygonal surfaces; splines;, knurls, spikes;, grooves, slois;
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protruding points or corners; other such projections; or any combination thereof.
They may be formed by either: knurling; sanding, blasting, milling, machining;
forging, casting; forming, shaping; roughing, stamping, engraving; punching;
bending, relieving washer material near the center bore; or any combination
thereof. Such friction coefficient increasing treatments may be disiributed evenly
across lower surfaces 2513, 2613, 2713 and/or any reasonable variation thereof
andfor or located away from the radius of center bores 2515, 2615, 2715 andlor
any reasonable variation thereof. They may be formed either: singularly;
randomly: in an array; or any combination thereof, These reaction washers have
an effective friction radius greater than an effective friction radius of threaded
nuts 2536, 2636, 2736 and/or any reasonable variation thereof.

Generally, reaction washers 2501, 26801, 2701 and/or any reasonable variation
thereof and threaded nuts 2536, 2638, 2738 and/or any reasonable variation
thereof may be held together in any predictably deforming way {o prevent
unintended disassembly of assemblies 2502, 2602, 2702 andfor any reasonable

vanation thersof.

Advantageously, reaction washer - threaded nut assembhies 2502, 2602, 2702
and/or any reasonable variation thereof of the present invention increase bolting
speed, efficiency, religbility, repeatabtility and safely through: control over the nut
geometry used with particular reaction washers; control over the reaction washer

used with particutar stud and/or thread sizes; and prevention of lost components.

Tapered Fastener Assembly, Referring to FIGs. 28A-28C by way of example,
this shows an apparatus 2801 - a stepped conical fastener assembly - n
accordance with an embodiment of the present invention. Apparatus 2801 has an
inner sleeve member 2810 and an outer sleeve member 2820 and is used with,
by way of example, a threaded stud 2830. Inner sleeve member 2810 is rolatably
and threadedly engagable with stud 2830; rotatably and taperedly engagable
with outer sleeve member 2820, and non-rotatably engagable with an action

portion of a torgue input device. Outer sieeve member 2820 is non-rotatably
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engagable with a reaction portion of the torgue input device; and rotatably and
taperedly engagable with inner steeve member 2810. Inner sleeve member 2810,
when rotated by the action portion of the torque input device, applies a load to

stud 2830 to close a joint (not shown).

Inner sleeve member 2810 is an anpular body and, as shown in FIGs. 28A and
28B, formed as a sleeve. It has an inner surface 2811 with an inner helical thread
means 2815 engagable with an outer surface 2831 with an outer helical thread
means 2834 of stud 2830. It has an outer surface 2812 with a cylindrical
formation 2816 that is rotatably engagable with an inner surface 2821 with a
cylindrical formation 2825 of outer sieeve member 2820, it further has a lower

surface 2814 that is rotatably engagable with inner surface 2821,

Cyiindrical formation 2816 is shaped as an inverted frustum of a stepped cone
that has a tapered or conical appearance from the botiom up. Each step on outer
surface 2812 is progressively smaller from top to bottom. An external holiow
cylindrical feature is removed from the outside of inner sleeve member 2810 at 5
shaliow depth. Successive exiernal hollow cylindrical features are removed at
regular length and width intervals. Each successive feature starts where the
preceding feature stops. The geometric patiern of removed external cylindrical
features continues uniil space restricts the addition of another intemal cytindricat

feature.

inner sleeve member 2810 further has an upper surface 2813 with a coupling
means 2817 which may be formed by a plurality of bores extending in an axial
direction and spaced from one another in a circumferential direction. Coupling
means 2817 non-rotatably engages with the action portion of the torque input

device.
Quter sleeve member 2820 is an annular body and, as shown in FIG. 288,

formed as a sleeve. It has inner surface 2821 with cylindrical formation 2825 that

is rotatably engagable with an outer surface 2812 with cylindrical formation 2816
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of inner sleeve member 2810. Outer sleeve member 2820 has an outer surface
2822 with a coupling means 2827. Coupling means 2827 is formed by a plurality
of outer spines extending in an axial direction and spaced from one another v a
circumferential direction. Coupling means 2827 non-rotatably engages with inner

spines of a reaction portion of the torque nput device.

Cylindrical formation 2825 15 shaped as a frustum of a stepped cone that has a
tapered or conical appearance from the top down. Each step on inner surface
2821 s progressively smaller from top to bottom. An internal cylindrical feature is
removed from the inside of outer sleeve member 2820 at a shallow depth.
Successive internal cylindrical features are removed at regular length and width
intervals. Each successive feature starts where the preceding feature stops. The
geometric patiern of removed internal cylindrical features continues until space

restricts the addition of another internal cylindrical feature.

Stud 2830 has a cylindrical shape with outer helical thread means 2834 for
mating with inner helical thread means 2815 of inner sleeve 2810. An end 2832
of stud 2830 has a coupling means 2833 which may be formed by a polygonat
formation 2835, which in this case is a hexagon shape. Polygonal formation 2835

allows for rotational coupiing with the torgue input device.

The stepped conical fastener geometry of apparatus 2801 creates tensile load in
stud 2830 by the mechanical sliding action through the helical inclined plane
between stud threads 2834 and inner sieeve member threads 2815. The torque
input device applies rotation under iorque o inner sleeve member coupling
means 2817 while reacting the torque on outer sleeve member external splines
2827 to create the sliding helical thread action. As outer surface 2812 and inner
surface 2821 are substantially smooth, outer steeve member 2820 remains static
while inner sleeve member 2820 rotates. The reaction element of the torque
input device (s rolationally coupled with end 2832 of stud 2830 by coupling
means 2833. This prevents rotation of stud 2830 and allows the relative sliding

action between inner sleeve member threads 2815 and studs threads 2834.
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Stud transiation occurs in proportion to the resistance against such transiation as
the torgue mput device continually applies torque {6 ipner sleeve member 2810
while reacting on outer sleeve member external splnes 2827 and being

rotationally coupled with stud 2830 by coupling means 2833

Inner sleeve member coupling means 2817 may be formed by any suitable
geometry or used with other means or features for rolationally coupling with the
torque input device such as gear teeth, hex, double hex, castellation or any other
common geometry that allows rotational coupling. One possible alternative i1s hex
geomelry shown in FIG. 29A as 2847,

Outer sleeve member coupling means 2826 may be formed by any suitable
geometry or used with other means or features for rotationally coupling with the
torque mput device such as gear teeth, hex, double hex, casteliation or any other
common geometry that allows rotational coupling. One possible alternative is hex

geometry shown in FIG. 298 as 2856.

Note that the quantity, dimensions, geometrias and intervals of removed external
{inner sleeve member 2810) and internal (outer sleeve member 2820) cylindncal
features may vary to oplimize characleristics of apparatus 2801, such as, for

example, stress biasing, depending on the application,

FIG. 28B shows inner sieeve member 2810 with four external cylindrical features
removed at regular length and widith intervals. FIG. 288 shows outer sleeve
member 2820 with four internal cylindrical features removed at regutar length and
width intervals. As shown in FIG. 28C, varying the guantity, dimensions,
geometnies and intervals from one removed exiernal and mternal cylindrical
feature to the next varies the nominal angles, step heights and step widths of an
outer surface 2962 with a cylindrical formation 2988 and an inner surface 2861
with a cylindrical formation 2965. Altematively, the step length may be sized

infinitely small to create a nearly smooth taper. External portions of inner sleeve
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member 2810 and internal portion of outer sleeve member 2820 may be
removed in one step o form smooth conical surfaces, respectively.

FIG. 29D shows an outer surface 2972 with a cyiindrical formation 2876 and an
inner surface 2971 with a cylindrical formation 2875 with mating faces of varying
vertical spacing, or step heights. This allows movement on selective steps only
as other steps are loaded. Plastic deformation allows vertical movement
therefore strategically biasing stress distribution across each siepped face. In
other words, increased clearance or spacing between mating faces of inner and

outer sleeve members 2810 and 2820 aliow for radial expansion during loading.

FIG. 29E shows an outer surface 2882 with a cylindrical formation 23888 and an
inner surface 28981 with a cylindrical formation 2985 with mating faces of varying
step face angles. This promotes more evenly and controlled biasing stress
distribution across the steps. In other words, either or both inner and outer sleeve
members 2810 and 2820 may have stepped vertical surfaces with varying pitch
angles to bias stress {o selective horizontatl stepped surfaces.

FIG. 28F shows outer sleeve member 2820 having wnternal features at bottom
that couple with similar mating external features added to stud 2830, These may
include splines, knurls, hex, slots, double hex or other geometry. They allow axial
translation of stud 2830 but couple rotational movement of outer sleeve member
2820 and stud 2830. Both coupling means 2833 formed of polygonat formation
2835 and the necessity to coupie this hex with the reaction member of the forque
input device are no longer necessary. Internal spline 2998 and mating external
spline 2998 form a spline interface between outer sieeve member 2820 and stud
2830, respectively,

In standard bolting industry terms, apparatus 2801 includes a nut {inner sleeve
member 2810) and a washer (outer sleeve member 2820). The standard bolting
flat surface nut and washer interface is changed. The torgue reaction point is

moved upwards, as compared to conventional three-piece fasteners. Apparatus
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of the present invention ulilize the concept of conventional three-piece fasteners,
which allows for surface conditioning of the outer sleeve to prevent gailing,
leveraged with a conventional nut ang washer arrangement, which retains radial
strain such that the inner sleeve may be surface conditioned with minimal risk of

fracture.

Advantageously, the invention allows for an increased load bearing surface area
between the inner sleeve member, which ts clamped, and the outer sleeve
members without increasing the overall diameter of the apparatus, a three
dimensional load bearnng surface area rather than a conveniional two
gimensional plane; more efficiently and evenly distributed load stress distribution
over the load bearing surface avea, higher torsion strength: and apparatus with

lower mass, dimensions and volume.

Tapered Torsional Coupling. Referring to FiGs. 30A-300 by way of example,
this shows an apparatus 3001 for torsionally coupling a threaded fastener 3010
and a torque input device 3002 in accordance with an embodiment of the present
invention. Apparatus 3001 has a first coupling member 3003 with a tapered
external surface 3004 and a polygonal formation 3005; and a second coupling
member 3013 having an inversely tapered internal surface 3014 and a polygonal
formation 3015 non-rolatably engagable with tapered extemnal surface 3004 of
first coupling member 3003.

It other words, apparatus 3001 torsionally couples torque input device 3002 and
threaded fastener 3010 of the kind having a shank 3030 with a tapered axial bore
3012 at ore end. Apparatus 3001 includes coupling member 3003 having
inversely tapered external surface 3004 non-rotatably engagable with tapered
axtal bore 3012

Discussion related lo quantity, dimensions, geomelries and intervals of removed

external {inner sleeve member 2810} and internai (outer sleeve member 2820}

cylindrical features of FIGs. 2BA-10 generally applies to the quantity, dimensions,

83



WO 2016/176518 PCT/US2016/029899

geomeiries and intervals of removed external {first coupling member 3003) and
internal (second sleeve member 3013) polygonal features of FiGs. 30A-30D.
Note that the interface between inner and outer sleave members 2810 and 2820
is cylindrical and smooth thus allowing relative rotation. Note, however, that the
interface between first and second coupling members is polygonal and angied

thus no relative rotation is possible.

A conical geometry for torsional coupling of a threaded fastener and a torque
output device yields a better load siress distribution. The embodiment of FIGs.
30A-30D introduces a low profile coupling geometry that will aliow a torsion-
coupling feature on the fop of a stud to be formed internaily. This distributes
stresses more evenly and therefore allows for a more efficient packaging of the

coupling features.

Generally, a stepped 12-point hole in the top surface of the stud is used for
torsion coupling with a threa-piece mechanical stud-tensioning device and/or an
apparatus for use with the stud. An internal 12-point feature is placed in the fop
of the stud at a shallow depth. Successive 12-point features are progressively
added at smaller 12-point sizes each at shailow depths and each starting where
the preceding 12-point stopped. The pattern of decreasing 12-point geometry will
decrease untii space restricts the addition of ancther 12 point. Advantageously, a
shaft of the torque input device with external matching features for each of the
steps will allow for evenly distributed stress distribution and hugh torsion strength

while decreasing the mass and voiume of the studs.

As shown in FiGs. 31B and 31C, varying the depth and size change from one 12-
point feature 1o the next will increase or decrease the nominal angle of the
conical shape these features form. The 12-point feature can be substituted with
any geometry that will prevent rotation between the two paris, such as the hex in
FIG. 31A. Additionally, the step depth can be sized nfintely small to create a
smooth taper. Mixed step swes and geometries can be used lo optimize

production of such a coupling.
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Two-Part Tapered Nut Assembly. Referring to FIGs. 32A-32D, by way of
example, these show a two-part nut assembly 3202 for use with either a stud or a
bolt of a threaded fastener (not shown} and a torque device {not shown)
including: a rigid inner member 3210 having an internal swface threadedly
engagable with the fasiener and an external surface defined by a plurality of
steps that form a taper, an ouler member 3220 having an inversely tapered
internal surface nonrotatably engagable with the {apered external surface of the
inner member: and wherein two-part nut assembly 3202, when rotated by an
action portion of the torque device, applies a load to the threaded fastener. The
inner member is either superficially, partially or thoroughly metallurgically

hardened.

Inner member 3210 is a geometric body and, as shown in FIGs. 32B and 32C,
formed as a threaded insert it has an inner swrface 3211 with an inner helical
thread means 3217 engagable with an outer surface having an cuter helical
thread means of the stud or the bolt of the threaded fastener. It has an outer
surface 3212 with a geometric formation 3216 that s nonrotatably engagable
with an inner surface 3221 having a geomefric formation 3225 of outer member
3220. Inner member 3210 further has a lower surface 3218 thal is adjacent to

and co-terminates with a lower surface 3230 of cuter member 3220.

In this exemplary embodiment, geometric formation 3216 is shaped as a
modified inverted frustum of an angled hexagonal pyramid that has a tapered or
conicatl appearance from the bottom up. A radius of each step on outer surface
3212 is progressively smalier from the top down. An extemal holiow modified
hexagonal feature is removed from the outside of wner member 3210 at a
relatively shallow depth. Successive extermnal hollow modified hexagonatl features
are removed at reguiar length and width intervals. Each successive featlre starts
where the preceding feature stops. The geometric patlern of removed external
modified hexagonal features continues until space (height) restricts the addition

of another such feature.
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inner member 3210 further has an upper surface 3213. Upper surface 3213 may
have a coupling means, similar to coupling means 2817 of stepped comcal
fastener assembly 2801, which would non-rotatably engage with the action

portion of the torque device.

QOuter member 3220 is a geometric body and, as shown in FiGs. 32A-32C,
formed as a sleeve. It has nner surface 3221 with a geometric formation 3226
that is nonrotatably engagable with outer surface 3212 of inner member 3210.
Outer member 3220 has an outer surface 3222 with a geomeitric formation 3226.
Geomelric formation 3226 is also formed as a coupling means 3229 which
nonrotatably engages with the action porlion of the torque device. Rotational
coupling means 3229 is formed as a modified hexagonal feature in this
exemplary embodiment, but may be formed with any suitable geometry. And it
may be similar o coupling means 2827 of stepped conical fastener assembly
2801,

In this exemplary embodiment, geometric formation 3225 is shaped as a
modified frusium of an angied hexagonal pyramid that alsoc has a tapered or
conical appearance from the bottom up. A radius of sach step on inner surface
3221 is progressively smaller from the top down. An intemal maodified hexagonat
feature is removed from the inside of outer member 3220 at a relatively shallow
depth. Successive internal modified hexagonal features are removed at regular
length and width intervals. Each successive feature starts where the preceding
feature stops. The geomelric pattern of removed internal modified hexagonal
features continues until space restricts the addition of ancther internal modified

hexagonal feature.

More generally, outer surface 3212 of inner member 3210 and inner surface
3221 of outer member 3220 are shaped as any suilable rotational coupling
means (polygonal and angied in nature), such that inner member 3210 and outer

member 3220 are not relatively rotatable. Indeed the action portion of the torque
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device applies a load to the threaded fastener when apparatus 3202 is rotated by
either inner member 3210, outer membaer 3220 or both inner and outer members
3210 and 3220 due to this rotational coupling. Note that outer member 3220
substantially surrounds inner member 3210. Note that inner member 3210 and
outer member 3220 may be pressed together in a predictably deforming way to
prevent unintended disassembly of andfor any relaxation stemming from partially

maled surfaces of apparatus 3202.

A geometry of a load bearing surface area between inner member 3210 and
outer member 3220 allows for improved and sirategically biased vertical and
radial stress distribution without having {o substantially increase a diameter of
apparatus 3202. Geometric formations 3216 and 3225 could be shaped either as
frustums of angled stepped cones for a relatively low plurality of steps or
frustums of angled smooth cones for a relatively high plurality of steps. Note that
variable step quantities, dimensions, geometries, angles and/or intervals may be

used to achieve such benefits.

One such maodification to geometric formation 3216 includes rounded corners
3218 for wmproved distribution of hoop stresses from thread loading. Note that
geometric formation 3216 may be formed with any suitable geometry. One
modification to geometric formation 3225 includes rounded corners 3227 for
improved distnbution of hoop stresses from thread loading. Rounded corners
3227 also accommodate rounded comers 3218 on inner member 3210. Note that
geometric formation 3225 may be formed with any suitable geometry. Upper
surface 3213 may include an upper edge portion 3215 such as that which is
shown in FIG. 32B for improved distribution of bolting stresses. Quter member
3220 further has upper surface 3223 such as that which s shown in FIG. 328.
Upper surface 3223 is slanted downward, or beveled, for improved distribution of
bolting stresses. Lower surface 3230 may include a lower edge portion 3228
such as that which is shown in FIG. 32C for improved distribution of bolting

siresses.
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Referring to FIGs. 32C and 32D, by way of example, these show apparatus 3202
and an apparatus 3202A. The taper of inner member 3210 of apparatus 3202
increases from upper surface 3213 to lower surface 3218. Likewise, the taper of
outer member 3220 decreases from upper surface 3223 o lower surface 3230.
Apparatus 3202 illustrates a preferred embodiment. Conversely, the taper of
inner member 3210A of apparatus 3202A decreases from an upper surface
3213A to a lower surface 3218A. Likewise, the taper of an outer member 3220A
increases from an upper surface 3223A (o a lower surface 3230A. FIG. 32D
lustrates an alternative emboadiment, which may be used in fimited situations.
Note that additional features may be included with apparatus 3202A to increase
its viability. One such feature may include a lip, formed on upper surface 3213A,
extending radially cutward to ensure that cuter member 3220A remains adjacent

inner member 3210A during loading.

Recall that apparatus 3202 of the present invention eliminates thread galling.
Catastrophic fractures and load loss have previously limited use of hardening
processes with threaded fasteners. Advantageously, inner member 3210 of
apparatus 3202, however, s either superficially, partially or thoroughly
metallurgically hardened. Many metallurgical hardening processes may be usedq,
such as: flame hardening; induction hardening; carburizing, bording, nitriding;
cyaniding, carbonilnidring; ferritic nitrocarbunzing, annealing, guenching, aging;
tempering; heat treating (differential, flame, induction, case, etc.); cold treating
(cryogenic), or any combination thereof. Cracks which would otherwise lead to
catastrophic failure andfor load loss are prevented with apparatus 3202 as non-
metallurigically hardened outer member 3220 substantially surrounds
metallurigically hardensad inner member 3210.

The stepped conical fastener geometry of apparatus 3202 creates tensile load in
the stud or the bolt by the mechanical sliding action through the helical inclined
plane between stud threads and inner member threads 3217. The sliding helical

thread action is created by using the torque device to apply rotation under torque
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to either inner member 3210, outer member 3220 or both inner and outer
members 3210 and 3220.

HYTORC® Z® Washer Used with the Two-Part Tapered Nut Assembly. An
equal and opposite reaction force is generated during the torqueing process
which must be ransferred to a suitable reaction point, a stationary object, Note
that lower surfaces 3218 and/or 3230 of nner and/or outer members 3210 and/or
3220, as shown in FIG. 32C, rest on an upper surface of the joint. Alternatively,
as shown in FIGs. 33A-33C, a reaction washer 3301 may be formed between
these lower surfaces and the upper surface of the joint. Reaction washer 3301 is
formed as a HYTORC® Z® Washer, which is disclosed fully in the present
application and in co-owned and co-pending PCT Patent Applications, entire
copies of which are Iincorporated herein by reference: Serial No.
PCTIIS2014/709986, having filing date of 17 December 2014, entitied "Apparatus
for Tightening Threaded Fasteners’. andfor Sernial No, PCTAIS2014/74000,
having filing date of 17 December 2014, entitled "Apparatus for Tightening
Threaded Fasteners”. An apparatus 3202B includes: iwo-part nut assembly
3202; and reaction washer 3301 for receiving counter torque generated due o
tightening or locsening of the threaded fastener.

Reaclion washer 3301 includes: an outer edge 3304 having a geometric shape
3308 that allows for rotational coupling with a torque device via a dual drive
coaxial action and reaction assembly (not shown); and a bottom surface 3303
having friction coefficient increasing treatments 3307 biased in areas outward
from a center bore 3205. Reaction washer 3301 is shown releasably attached to
two-part nut assembly 3202. The bond between reaction washer 3301 and two-
part nut assembly 3202 breaks at a predetermined pre-torque and reaction
washer 3301 becomes a suitable reaction point. In this example reaction washer
3301 and nut assembly 3202 separate once the bond breaks once compression
and friction forces overcomes such bond. Any suitable bonding method may be

used. Note that such combination creates a nut-washer assembly having similar
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advantages to that of the HYTORC NUT™. Alternatively reaction washer 3301
and nut assembly 3202 may be separate components.

Reaction washer 3301 may be used as a suitable reaction point during tightening
and or loocsening of threaded fasteners used with apparatus 3202. Friction
coefficient increasing treatments 3307 may include either: roughenings;
polygonatl surfaces; splines, knurls, spikes, grooves, slots; protruding points or
corners; other such projections; or any combination thereof. They may be formed
by either: knuriing; sanding; blasting; milling; machining; forging; casting; forming;
shaping; roughing; stamping; engraving;, punching; bending; relieving washer
material near the center bore; or any combination thereof. Such friction
coefficient increasing treatments may be distribuled evenly across lower surface
3303 or located away from the radius of center bore 3305, They may be formed
either: singularly, randomly; in an array;, or any combination thereof. These
reaction washers have an effective friction radius greater than an effective friction

radius of assembly 3202.

Note that discussion related to apparatus 2801 in FIGs. 28-29 may be adapted to
apparatus 3202. Recall, however, that the inner and the outer sleeve members of
apparatus 2801 are not rotatably coupled, and therefore not relatively rotatable.
For exampie, upper surface 3213 may have g coupling means, similar to
coupling means 2817 of stepped conical fastener assembly 2801, which would
non-rotatably engage with the action portion of the torque device. Such an inner
member coupling means may be formed by any suitable geometry or used with
other means or features for rotationally coupling with the torque device such as
gear teeth, hex, double hex, castellation or any other common geometry that
allows rotational coupling. One possible aiternative is hex geomeltry shown in
FIG. 29A as 2747. Similarly, outer member coupling means 3229 may be formed
by any suitable geometry or used with other means or features for rotationatly
coupling with the torque device such as gear leeth, hex, double hex, castellation
or any other comman geometry that allows rotational coupling. One possible

alternative is hex geometry shown in FIG. 20B as 2856. Note that the quantity,
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dimensions, geometries and intervals of removed external (inner member 3210)
and internal {outer member 3220} cylindrical features may vary to optimize
characteristics of apparatus 3202, such as, for example, stress biasing,

depending on the application.

FIGs. 32A-32C show inner sleeve member 3210 with four externatl cylindrical
features removed at reqular length and width intervals and ouler sleeve member
3220 with four internal cylindrical features removed at regular tength and width
intervals. As shown in FiG. 29C, however, varying the quantity, dimensions,
geometries and wntervals from one removed exiernal and internal cylindricat
feature to the next varies the nominal angles, step heights and step widths.
Alternatively, the step length may be sized infindely small (o cregte a pearly
smooth taper. Angled extemal portions of inner sleeve member 3210 and angled
internal portion of outer sleeve member 3220 may be removed in one step to

form a relatively smooth, vet rotatably coupled, conical surface.

FiGs. 32A-32C show mating faces of inner member 3210 and outer member
3220 of constant vertical spacing, or step heights. FIG. 28D shows that mating
faces of apparatus 3202 may have varying vertical spacing, or step heights. This
allows movement on selective steps only as other sieps are loaded. Plastic
deformation allows vertical movement therefore sirategically biasing siress
distribution across each stepped face. in other words, increased clearance or
spacing between mating faces of inner and outer sleeve members 2810 and
2820 allow for radial expansion during loading. Note that this feature may be of
limited applicability due to the metallurgically hardened characteristics of wmner
member 3210,

FiGs. 32A-32C show mating faces of inner member 3210 and outer member
3220 of constant step face angles, namely 30° FIG. 28E shows that mating
faces of apparatus 3202 may have varying step face angles. This promotes more
evenly and controlled biasing stress distribution across the steps. In other words,

either or both inner and outer members 3210 and 3220 may have stepped
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vertical surfaces with varying piich angles to bias siress (o selective horizontal
stepped surfaces.

Note that discussion related to apparatus 3001 in FiGs. 30 and 31 may be
adapted to apparatus 3202, Recall, however, that apparatus 3001 is an
alternative for known rotatable coupling between a torgue device and =z stud,
while apparatus 3202 is an alternative for known threaded nuts. For example, as
shown in FiGs. 31B and 31C, varying the depth and size change from one 12-
point feature (o the next will increase or decrease the nominal angle of the
conical shape these features form in apparatus 3202. The 12-point feature can
be substituted with any geomelry that will prevent rotation between the two parts,
such as the hex in FIG. 31A. Additionally, the step depth can be sized infinitely
small to create a smooth taper. Mixed step sizes and geometries can be used {0

optimize production of such a coupling.

Threadea fasteners having either studs or a bolls and apparatus 3202 are
disciosed herein. Torque devices either pneumatically, electrically, hydraulically
or manually driven to tighten or loocsen such threaded f{asteners are disclosed
herein. And systems consisting of such threaded fasteners and torque devices

gre disclosed hersin.

Generally, two-part nul assembilies disclosed herein have decreased, relative to
known three piece nut assemblies, dimensions for limited bolting clearances and
increased, relative to known nuts, prevention of thread galling, fractures and lpad
loss. A load bearing surface area between the inner and the outer members
allows for strategically brased vertical and radial stress distribution without having
ic substantiglly increase dimensions. They effectively deal with tensile hoop
stresses typical of industrial threaded nuts in such a way that minimizes the
likelihood of fractures. Putl ancther way, the compact dimensions and selective
metallurgical hardening of nul assemblies disclosed herein minimize the rsk of
fractures and prevent load loss from any fractures that may form. The two-piece

structure isoclates the portion(s) that will see the highest tensile hoop stresses,
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namely near the intemnal threads, to prevent fractures from migrating through the
entire assembly. Thread created hoop stress s constrained strictly to the winer
member. Strain and deformation that lead to fracture initiation in hardened or
surface hardened paris is conirolled. And even if fractures were to form, they
would onty travel through the hardened internal member of the assembily and not

iead to catastrophic load loss.

It will be understood that each of the elements described above, or two or more
iogether, may also find a useful application in other types of constructions
differing from the types described above. The features disclosed in the foregoing
description, the following claims and/or the accompanying drawings, expressed
in their specific forms or in terms of a means for performing the disclosed
function, or a method or process for attaining the disclosed result, as appropriate,
may, separately, or in any combination of such features, be utifized for realizing
the invention in diverse forms thereof. One such example inciudes a Z®-Squirter®
Washer in combination with a two-part tapered nut assembly in any configuration
disclosed with respect {o FiGs. 25, 26, 27, 33 and/or any portions thereof.

Summary. Washer 1 is generally shown as a flower washer with a knuried
bottorn face to provide reaction torque. Per FiGs. 8A-8L, note the suitability of
nearly any exiernal shape which non-rotatably engages with reaction sockels,
plates and iinks of the present invention. Also note the suitability of nearly any
surface feature that increases facial friction. Examples of exiernal shapes
include: any suitable geometnc shape like pentagon, hexagon, octagon, etc;
knurls; cutouts; pressed holes: casteliations; efc. Examples of surface friction
enhancement features include: pattemns; finishes,; treatments; coatings; platings,
roughness,; etc. Inventively even before seating of the nut and/or bolt head, the
coaxial reaction surface becomes a viable and accessible coaxial stationary

object in which to transfer reaction forces of the tools,

Generally tools 10A, 10B, 10F, 10G, 10H and 101 may do any of the following

during the intermitient force mode. The tools may run down the nut or the nul and
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the washer with an intermittent turning force in one direction. The tools may run
up the nut or the nut and the washer with the intermittent turning force in an
opposite direction. Or the tools may either impact, vibrate or poth impact and
vibrate the nut or the nut and the washer with either an intermittent turning force
to apply vibration and rotation in the opposite direction, the intermittent vibration

force to apply vibration, or both.

More specificaily tools 10A, 108, 10F, 10G, 10H and 101 may do any of the
following during the intermittent force mode. The tools may run down the nut or
the nut and the washer with the intermittent tumning force in one direction to seat
the nut from a restrictively rotatable state with significant adverse bolting
application characteristics to a pre-delermined pre-tightening torque state and
compress the washer between a joint to be tightened and the seated nut. The
tools may run up the nut or the nut and the washer with the intermittent turning
force in the opposite direction 1o unseat the nut from the pre-determined pre-
tightening torque state to the rastrictively rotatable state with significant adverse
holting application characleristics and decompress the washer between the joint
to be loosenad and the unseated nut. Or the tools may impact, vibraie or both the
nut, and the washer with an intermittent tuming force to apply vibration and
rofation in the opposite direction, the infermitient vibration force {o apply
vibration, or both, from an inadequately pulverized thread corrosion slale to an
adequately pulverized thread corrosion state. For example the tools may
generate ultrasonic sound waves via an ultrasonic wave generator, such as
vibration force mechanism S80, to vibrate the fastener at ultra-high speeds to
pulverize thread corrosion.

Often the intermuttent (impact, vibration, ultrasonic, eic)) force is necessary in run
down to firmly compress the washer between the nut and the flange face. Absent
this impact caused compression the washer might not take the reaction force due
to the two frictions of the two washer faces. When properly compressed, the
washer face abutting the nut receives a clockwise turning friction because of the

torque output of the tool and an equal and oppaosite counterclockwise furning

94



WO 2016/176518 PCT/US2016/029899

friction because of the reaction force. As such the turning friction from the washer
face that abuts the flange face prevents the washer from turning. In other words
the {ool is designed {o hold the washer stationary while tuming the nut, which
gliminates the usual side load and the surface differences from nut {o nut. Better
control of the thread and surface friction is achieved for improved translation of

torgue fo fastener load.

Generally tools 10A, 108, 10F, 10G, 10H and 10i may do any of the following
during the higher resistance torque mode. The tools may tighten the nut with a
lower speed, higher torque turning force in one direction and apply a reaction
force in an opposite direction to the washer. And/or the tools may loosens the nut
with the lower speed, higher torque turning force in the opposite direction and

apply the reaction force in the one direction to the washer.

More specifically tools 10A, 10B, 10F, 105G, 10H and 10! may do any of the
following during the higher resistance torque mode. The tools may torque up the
nut with the lower speed, higher torque turning force in the one direction to
tighten the nut from the pre-determined pre-lightening torque state {o a pre-
determined tightening torgue state and apply the reaction force in the opposite
direction (o the washer to pressurize the washer between a loosened joint and
the ighlened nut. And/or the tools may torgue down the nut with the lower speed,
higher torque turning force in the opposite direction to loosen the nut from the
pre-determined tightening torgue state to the pre-determined pre-tightening
forque state and apply the reaction force in the one direction 10 the washer to
depressurize the washer between the loosened joint and the loosened nut.

Generally tools 10A, 108, 10F, 10G, 10H and 10! may do any of the following
during the lower resistance torque mode. The tools may run down the nut or the
nut and the washer with a higher speed, lower torque turning force in the one
direction. And/or the tools may run up the nut or the nut and the washer with the

higher speed, lower torgue turning force in the opposite direction,
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More specifically tools 10A, 10B, 10F, 105G, 10H and 10 may do any of the
following during the lower resistance torque mode. The tools may run down the
nut or. the nut and the washer with a higher speed, lower torque tuming force in
the one direction to seat the nut from a freely rofatable state with insignsficant
adverse bolting application characteristics to the pre-determined pre-tightening
torgue state and compress the washer betwsen the joint to be tightened and the
seated nut. Andfor the tools may run up the nut or the nut and the washer with
the higher speed, lower torque turning force in the cpposite direction to unseat
the nut from the pre-determined pre-tightening torque state to the freely rotatable
state with insignificant adverse bolting application characteristics and
decompress the washer between the joint to be loosened and the unseated nut.

Generally tools 10A, 108, 10F, 10G, 10H and 10! may tighten, lcosen or tighten
and loosen the nul in the higher resistance torgue mode. The tools may run up,
fun down or impact the nut or the nut and the washer in the intermittent torque
mode or the lower resistance torque mode. The tocls may switch from the
intermittent forque mode to the higher resistance torque mode upon seating the
nut and compressing the washer al the pre-determined pre-tightening torgue
state and/or adequate pulverization of thread corrosion. The tools may switch
from the higher resistance torque mode (o the intermittent torque mode andfor
the lower resistance torque mode upon unseating the nut and decompressing the
washer at the pre-determined pre-loosening torgue state. The tools may switch
from the lower resistance torgue mode to the higher resistance torque mode
upon seating the nut and compressing the washer at the pre-determined pre-
tightening torque state.

In operation the tools can switch: from the higher resistance torque mode 10 the
intermittent torque mode; from the higher resistance torque mode to the lower
resistance torque mode; from the lower resistance torgue mode (o the
intermitient lorgue mode; from the lower resistance lorque mode {o the higher

resistance torque mode; from the intermitlent torgue mode to the higher
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resistance torgue mode; or from the intermittent torgue mode to the lower

resistance forque mods.

Activation or deactivation of the vibration mechanism or the torque multiplication
mechanism may occur manually or automatically. Thus the switching mechanism
may be manual or automatic. Further the switching mechanism and therefore any
mode oF combination of modes and corresponding mechanisms may be
activated automatically in accordance with an observed load on the fastener. For
example a gall-minimized power tool of the present invention may need vibration
and/or impaction to pulverize corrosion in a tightened fastener and {o run up or
down the nut in high speed. The torque-tightened nut cannot turn with just
vibration and/or impaction. An operalor may need to aclivate vibration and/or
impaction to pulvenze up dried corrosion in the torgue tightened nut, which can
oceur independent of or in combination with the torque multiplication mechanism.
As noted the lorque necessary to loosen the nut is greater than the initial
tightening torque as lubrication s dried or gone, corrosion is present, and the
stud is still loaded and stretched. In other words. it takes higher torque values to
unload and unstretch the stud. Once the nut is loosened it can be tumned in
higher speed, or run upped, during the lower resistance torgue mode and/or the
intermittent torgue mode. The nut, however, may have to free itself over the
corroded and/or damaged or flawed stud threads. Often this requires vibration
and/or intermittent force in combination with the torque mulliplication mechanism.
In run down the nut is turned in higher speed during the lower resistance torque
mode and/or the intermittent {orgue mode. Here too the lower resistance torque
mode alone may be insufficient to overcome corroded and/or damaged or flawed
sfud threads. Similarly often this requires vibration or intermittent force and/or
intermittent force in combination with the torque multiplication mechanism. The

present invention solves these issues.
Generally methods are disclosed of gall-minimized tightening and/or lcosening of

an industrial threaded fastener of the kind having a coaxial reaction surface, a

stud and either a nut threadedly engagesable with the stud or a siud-head
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connecied to the stud with a reaction arm-free power tool of the kind having: a
motor {o generate a turning force, a drive o transfer the turning force; a turning
force multiplication mechanism in a housing including a tuming force
multiplication transmitter for all torque modes from lower resistance to higher
resistance; and at least one vibration force mechanism including a vibration
transmitter for an intermittent force mode operatable during alt torque modes
from lower vesistance o higher resistance. The tightening method includes:
running down i one direction either the nut, the stud-head, the nut and the
coaxial reaction surface or the stud-head and the coaxial reaction surface; and
torqueing tight in the one direction either the nul or the stud-head while reacting
in the opposite direction off of the coaxial reaction surface. The loosening method
includes: lorqueing joose in the opposite direction either the nut or the stud-head
while reacting in the one direction off of the coaxial reaction surface; and running
up in the opposite direction either the nut, the stud-head, the nut and the coaxial

reaction surface or the stud-head and the coaxial reaction surface.

The foliowing discussion relates to configurations of reaction arm-free power
tools for galt-reduced tightening and loosening of industrial fasteners in
accordance with the present invention. Note that tike terms are interchangeable,
such as for example: intensifier, mulliplier and multiplication; impact and

impaction.

More specifically, in one embodiment of the impact mode, the tool housing and
the gear stages stand still while the impact ratlles. When the impact mechanism
is distant from the motor, a shaft from the motor goes through the center of the
multighers to the impact mechanism and from there to the output drive. When the
impact mechanism is immediately after the motor and in front of the mulhipliers
the motor drives the impact mechanism and a shaft goes from the impact

mechanism through the center of the multipliers to the output drive

In ancther embodiment of the impact mode, the tool housing and the gear stages

rotate in unison while the impact rattles by locking up the gear stages. This may
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be accomplished by connecting either: the sun gear with the ring gear; the sun
gear with the gear cage; or the gear cage with the ring gear of a planetary stage.
In each case all gear cages and the housing act like one turmning extension from
the motor {o the impact mechanism or from the impact mechansm to the output

drive of the tool.

In another embodiment of the impact mode, the tool housing stands still and the
gear cages rotate in unison while the impact ratiles by locking up the gear cages
with one another. When the impact mechanism is distant from the motor the gear
cage(s} act like an extension inside the housing from the motor to the impact
mechanism. When the impact mechanism is immediately after the motor and o
front of the multivliers the gear cages or gear cage act like an extension inside

the housing from the impact mechanism {o the output drive of the tool.

Generally during LSHT mode at least two multiplication transmitters rotate
relative to the other. In the multiplier mode, the tool housing always rotates
opposite to the sun gears and the output shaft of the multipliers, which is why the
tool housing has to react. When torque is intensified by the multiplier, the turning
speed is so slow that the impact mechanism is ineffective. if the impact
mechanism is located after the mulliplier and close to the output drive of the tool,
the impact mechanism will not mmpact if it turns with the iast sun gear. if the
impact mechanism is located before the multiplier and close to the motor, the

impact mechanism turns at high speed and needs {o be locked.

In one embodiment where the impact mechanism is distant from the motor, the
foliowing occwrs: the impact mechanism stands still while the multipliers turn; the
output shaft from the motor goes (o the mulliplier for torque mulliplication; and
the last sun gear extends through the impact mechanism o the output drive.
When the impact mechanism is immediately after the motor and in front of the
mudtipliers, the output shaft from the molor goes through the impact mechanism
to the multiplier for torque multiplication and the {ast sun gear extends to the

output drive.
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in ancther embodiment, the impact mechanism turns at the speed of the last sun
gear of the force applying multipliers. When the impact mechanism is distant
from the motor, the ouiput shaft from the motor goes to the muitiplier for torque
muiltiplication and the last sun gear turmns the impact mechanism, which turms the
output shaft of the tool. When the impact mechanism is immediately after the
molor and in front of the multipliers, turning the impact mechanism to turn the
muitipliers would result in impacting, which is to be avoided. On the other hand,
the wmpact mechanism can be locked by locking the hammer with the impact
housing, or by locking the hammer with the anvil. The impact mechanism acts as
an extension belween the motor output drive and the first sun gear of the

multiplier,

The speed of the last sun gear of the muitiplier may be high enough to operate
the impact mechanism. Impaction on the output shaft of the tool is avoidable by
locking the hammer with the impact housing, the hammer with the anvil, the
impact housing with the tool housing or the hammer with the toot housing.

in a specific embodiment of LSHT mode the multiplication mechanism is close to
the motor and before the impaction mechanism. The motor bypasses the
multiphication mechanism and extends its output force through at leasi one part of
the multiplication mechanism by means of a pin toward the output drive. In
another specific embodiment of LSHT mode the impact mechanism is close to
the motor and before the multiplication mechanism. The impaction mechanism
extends its output force through at least one part of the multiplication mechanism
by means of a pin toward the output drive.

The power tool for gall-minimized tightening and loosening of industrial fasteners
in accordance wilh the present invention is described herein as having two or
three modes, lower speed higher lorque mode, higher speed lower forque mode
and intermittent force mode. § is to be understood that the at least two modes as

described herein are mearely examples. Further modes can be added o one or
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the other modes and/or the input and/or the output means. it is to be understood
that the present invention is not limited to merely two speeds but can have
multipie speeds. For example, known forgue mtensifier tools are usually powered
by air or electnc motors. Often the force output and rotation speeds of such
motors are increased or decreased by means of planetary gears or the like,
which may become part of the motor, Ofien known torgue intensifier tools
temporarily eliminate one or several of the intensifier means to increase the too!
motor rotation speed. Other known torgue inlensifier tools use gear intensification
and/or reduction machanisms as stand alone components or adjacent the motor
to increase and/or decrease shaft rotation speeds. The present invention may
also include such gear intensification and/or reduction mechanisms as stand
alone components, as multiplication transmitters and part of multiplicabion
mechanism 210 or as vibration transmitters and part of vibration mechanism 310.
Indeed multiplication assembly 200 can be configured to have multipte

multiplication transmitters contained in 'multipte multiplication assembly housings.

The two-part tapered nut assembly for use with either a stud or a bolt of a
threaded fastener and a torque device in accordance with the present invention
includes: a rigid inner member having an internal surface threadedly engagable
with the fastener and an external surface defined by a plurality of steps that form
a taper, an ouler member having an nversely tapered wntemal surface
norvotatably engagable with the tapered external surface of the inner member,
and wherein the two-parnt nut assembly, when rolated by an action portion of the
torque device, applies a load to the threaded fastener. The inner member is
either superficially, partially or thoroughly metallurgically hardened.

Advantageously, the invention allows for a load pearing surface area between
the nner member and the outer member allows for sirategically biased vertical
and radial stress distribution without having to substantially increase the overall
dimensions; a three dimensional locad bearing surface area rather than sz
conventional two dimensional plane; more efficiently and evenly distributed load

stress distribution over the load bearing surface area; higher torsion strength;
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apparatus with lower mass, dimensions and volume is small enough to fit in tight
andfor limited spaces typical of industrial bolting apptlications,; eliminates thread
galling; and prevents catastrophic fractures and load loss, which previously

limited use of hardening processes with threaded fasteners.

Z%-Squirter® Washers, HYTORC® Z® Washer and Nut Assemblies, Tapered
Fastener Assemblies, Tapered Torsional Couplings, Two-Part Tapered Nut

Assembiies and any combinations therecf are further disclosed.

Note that any type of suitable components, sizes and materials of apparatus of
the present invention may be used, inctuding: fastener categories, for example
wood screws, machine screws, thread cutting machine screws, sheet metal
screws, self drilling SMS, hex bolts, carriage bolts, lag boits, socket screws, set
screws, j-bolts, shoulder bolts, sex screws, mating screws, hanger bolts, etc;
head styles, for example flat, oval, pan, truss, round, hex, hex washer, slotted
hex washer, socket cap, bution, etc.; drive types, for example phillips and
frearson, siotted, combination, socket, hex, allen, square, torx, multiple other
geometries, efc.; nut types, for example hex, jam, cap, acom, flange, square,
torque lock, slofted, castle, eic.; washer types, for example flat, fender, finishing,
square, dock, reaction, elc.; and thread types, for example sharp V, American
national, unified, metric, square, ACME, whitworth standard, knuckie, buttress,
single, double, triple, double sguare, triple ACME, efc.

It will be understocd that each of the elements described above, or two or more
together, may also find a usefu] application i other types of constructions
differing from the types described above. The features disclosed in the foregoing
description, or the following claims, or the accompanying drawings, expressed in
their specific forms or in terms of a means for performing the disclosed function,
or a method or process for atiaining the disclosed result, as appropriate, may,
separately, or in any combination of such fealures, be utilized for realizing the
invention n diverse forms thereof Note that there may be slight differences in

descriptions of numbered components in the specification.
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While the invention has been jliustrated and described as embodied in and/or
with g torgue device, it is not intended {o be limited to the detsils shown, since
varnous modifications and structural changes may be made without departing in

any way from the spirit of the present invention.

Without further analysis, the foregoing will so fully reveatl the gist of the present
invention that others can, by applying current knowledge, readily adapt it for
various applications without omitting features that, from the standpoint of prier
art, fairly constitute essential characteristics of the generic or specific aspects of
this invention.

When ussed in this specification and claims, the terms “tapered”, “taperedly” and
variations thereof mean that the specified features, steps, quantities, dimensions,
geometries and intervals may, from one end to ancther, either gradually,
suddenly, step-wisely, and/or conically. be inconsistent, vacy, narrow, diminish,
decrease, get smailler, thin out, elc.

When used in this specification and claims, the terms “comprising”, “including’,
‘having” and variations thereof mean that the specified fealures, steps or integers
are included. The terms are not to be interpreted to exclude the presence of

other features, steps or components.

What is claimed is:
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CLAIMS

1. A reachon washer for receiving counter torgue generated due to tightening
or loosening of a threaded fastener inciuding:

an outer edge having a geometric shape that allows for rotational coupling
with a power tool, and

a bottom surface having friction coefficient increasing {reatments biased in

areas outward from a center bore.

2. A reaction washer according to claim 1 wherein the friction coefficient

increasing treatments are selectively biased towards the outer edge.

3. A reaction washer according to claim 1 wherein the friction coefficient
increasing treatments are discontinuously biased in areas towards the outer

edge.

4 A reaction washer according to claim 1 wherein the friction coefficient
increasing treatments are not located at or near the radius of the center bore.

5. A reaction washer according to claim 1 wherein the friction coefficient
ncreasnyg treatments are formed by either: knurling, sanding, blasting, milling;
machining; forging; casting; forming, shaping; roughing; stamping, engraving;
punching;, bending, relieving washer material near the center bore; or any

combination thereof.

6. A reaction washer according to claim 1 wherein the friction coefficient
increasing treatments include either: roughenings, polygonal surfaces; splines;
knuris; spikes; grooves, slots; protruding points or corners; other such

projections; or any combination thereof,
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7. A reaction washer according to claim 1 wherein the friction coefficient
increasing treatments are formed either; singularly, randomly; in an array; or any
combination thersof,

8. A reaction washer according to claim 1 wherein an effective friction radius

of the washer is greater than an effective friction radius of the threaded fastener.

for use with a fastening socket assembly including:

an inner sacket having an inner edge with a nut or bolt head engaging
means;

an outer sockel having an inner edge with a reaction washer engaging
means for engaging the cuter edge of the reaction washer,; and

wherein the inner socket is substantially disposed inside the outer socket,
and wherein the inner sockel and the outer socket are coupled together with a
mechanism that allows the inner socket ang the outer socket (o be either

cooperatively or selectively and relatively rotated in opposite directions.

8 A reaction washer according to claim 8 wherein the washer outer edge
extends substantially beyond an outer edge of the threaded fastener.

10. A reaction washer according {o claim 9 wherein a reaction abulment force
received by the washer outer edge is of shightly larger magnitude than an action

torgue received by an outer edge of the threaded fastener. |

11, A reaction washer according to claim 1 wherein the friction coefficient
increasing treatments are positioned substantially beyond an effective friction
radius of a nut or a bolt head about the bottom surface of the washer.

12. A reaction washer according to claim 1 wherein the bottom surface

includes a smooth surface formed between the center bore to accept the bolt and

the friction coefficsent increasing treatments.
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13. A reaction washer according to claim 8 wherein the outer edge of the
washer either co-terminates with or curtails from an outer edge of the nut or the
bolt head.

14. A reaction washer according to claim 8 wherein the outer edge of the
washer and its engaging means which are substantially vertical engage with an
inner edge of an outer socket and its engaging means which are substantially

vertical.

15. A reaction washer according to claim 8 wherein the outer edge of the
washer and its engaging means are shaped with any suitable geometlry to
rotatably couple with an inner edge of an outer socket inner edge and ifs

engaging means which 18 shaped with any suitable corresponding geometry.

16. A reachion washer according to claim 15 wherein the suitable geometries
include either:

concave portions extending inwardly and convex portions extending
outwardly which are altemately and repeatedly provided in a radial diection
around a central point of the washer; or

any geometlric shape such as triangle, curvilinear friangle, sguare,
reciangle, paralielogram, rhombus, trapezoid, {rapezium, kile, pentagon,
hexagon, heptagon, octagon, nonagon, decagon, circle with outer projections,

ellipse or oval.

17. A reaction washer accerding to claim 1 including a tapered bottom edge
portion formed between the ouler edge and the bottom surface and exiending
inwardly relative to an outer edge of the threaded fastener and downwardly

relative to the outer edge,.
18. A reaction washer according to claim 8 including a tapered bottom edge

portion, extending inwardly relative to an cuter edge of the nut or the bolt heag,

formed between the outer edge and the bottom surface.,
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18. A reaction washer according to claim 1 wherein even and accurate boft
elongations are achievable.

20. A reaction washer according to claim 1 used {o absorb the reaction force
of the tool such that when the tool applies a lurning force {6 a nut or a bolt head
and an equa! but opposite reaction force to the outer edge of the washer, the nut

or the boit head turns but the washer stands still.

Z21. A reaction washer according to claim 1 wherein a washer radially cuter
edge is adapted {0 be engaged by the tool (0 hold the washer stationary while the
nut or the bolt head is being turned by the tool, and also the opposite axial side of
the washer is formed so as to create 2 friction interference with the object to
avoid a turn-along of the washer under any conditions, so that the washer
remains stationary, and so thal the one axial side controls a fagial fnclion of the

nut.

22. A reaction washer for receiving counter torque generated due to tightening
of lposening of a threaded fastener including:

an outer edge having a geometric shape that allows for rotational coupling
with a power tool

a bottom surface having friction coefficient increasing treatments biased in
areas outward from a center bors,

a top surface having a discrete protuberance formed thereon;

the bottom surface having a discrete indentation formed opposite the
protuberance; and

an mndicating matenal positionad in the indentation.

23, A reaction washer according to claim 22 including a channe! formed in the

bottomn surface leading from the indentation io an outer edge of the boliom

surface,
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24.  Areaction washer according to claim 22 including:

the top surface having a plurality of discrete protuberances formed
thereon;

the bottom surface having a plurality of discrete indentations, each
indentation formed opposite one of the protuberances; and

an indicating material positioned in each of the indentations.

25. A reaction washer according to claim 24 including a plurality of channels
formed in the bottom surface, each channel leading from one of the indentations
to an ocuter edge of the bottom surface.

28. A fastening socket assembly including:

an inner socket having an inner edge with a nut or stud-head engaging
means,; and

an outer socket having an inner edge with a reaction washer engaging
means for engaging an outer edge of the reaction washer ¢of either claim 1 - 25;
and

wherein the inner socket is subsiantially disposed inside the outer socket,
and wherein the inner socket and the outer socket are coupled together with a
mechanism that allows the inner socket and the outer socket to be cooperatively

and relatively rotated in oppasite directions.

27. A fastening socket assembly of claim 26 wherein the outer socket inner
edge and its engaging means and the washer outer edge and lis engaging
means are substantially vertical.

28. A fastening socket assembily of claim 26 whearein the outer socket inciudes
an outer bottom edge having a tapered surface inclined inwardly toward a bottom

of a bottorn inner edge.

29, A fastening socket assembly of claim 26 wherein the outer socket is
formed as a HYTORC® Z® Reaction Pad.

108



WO 2016/176518 PCT/US2016/029899

30. A fastening socket assembly of claim 26 integrated into a HYTORC® 7%
Offset Link having: a drive force inpul assembly; the inner sockst formed as a
drive force output assembly: and the outer socket formed as a reaction force

assembly.

31. A threaded fastener for fastening objects including:

a stud;

either a nut to be tightened or loosened threadedly engageable with the
stud or a stud-head to be tightened or loosened connected {o the stud; and

the reaction washer of either claim 1 - 25 disposad beatween one of the

objects and either the nut or the bolt head.

32. A threaded fastener according to claim 31 including a HYTORC® Dual
Faced Friction Washer disposed between the other of the objects and ancther
part of the fastener not to be rotated, wherein the friction washer having top and
bottom faces each formed with friction coefficient increasing treatmenis of claim
6 to prevent the other part of the fastenar from rotating.

33, A threaded fastener according to either claim 31 or 32 that is to be either
tightened and/or loosened by the fastening socket assembly of either claim 26 -
30.

34. A reaction am-free torque power ool for either tightening, locsening or
both tightening and loosening of a threaded fastener of either claim 31 - 33
including:

a turning force generating mechanism;

a drive to transfer the turning force; and

a fastening socket assembly of either claim 26 - 30

35. A power tool according to claim 34 esther electrically, hydraulically or

pneumaticatly driven.
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36. A power too] according to claim 34 including either: a HYTORCY ICE®: a
HYTORC® AVANTI®: a HYTORC® STEALTH®: a HYTORC® XXf®; a HYTORC®
iGUN®: 2 HYTORC® FLIP-Gun® a HYTORC® THRILL® Gun: a HYTORC® 228
Gun; a HYTORC® FLASH® Gun; or a HYTORC® Lithium Series® Gun.

37. A system for fasiening objects including:
a threaded fastener of either claim 31 - 33, and
a torque power too! of either claim 34 - 36.

38  Avreaction arm-free torque power tool for gall-minimized either tightening,
loosening or both tightening and loosening of an industnal threaded fastener of
the kind having a coaxial reaction surface, 3 stud and either a nut threadedly
engageable with the stud or a stud-head connected {o the stud including:

a motor to generate a turning force;

a drive {o transfer the turning force;

a lurning force multiplication mechanism in a housing including a turming
force multiplication transmitier for all torque modes from lower resistance to
higher resistance; and

at least one vibration force mechanism including a vibration transmitter for
an intermitient force mode operatable during all torque modes from lower

resistance to higher resistance.

39, A power tool according to claim 38 including:

wherein the turning force multipfication mechanism includes either one or
a pluratity of gear stages;

wherein the vibration force mechanism includes:

a turning force impaction mechanism having a hammer and an anvil, and
either;

an ultrasonic force mechanism including an ultrasonic force transmitter;

a mass imbalance force mechanism including a mass imbalance force

transmitter; or
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any other time-varying disturbance (load, displacement, turn or velocity)
mechanism including a tme-varying disturbance (load, displacement, turn or
velocity) force transmitter

40. A power tool according to claim 38 including:

wherein the turning force multiplication mechanism includes either one or
a plurality of gear stages;

wherein the vibration force mechanism includes either:

an ultrasonic force mechanism including an ultrasonic force transmitter;

a mass imbalance force mechanism including a mass imbalance force
transmilter; or

any other time-varying disturbance (load, displacement, turn ar velocity)
mechanism including a time-varying disturbance (load, displacement, turn or

velocity) force transrmitter.

41, A power toot according to claim 38 including:

wherein the turning force multiplication mechanism includes either one or
a piurality of gear stages for all torque modes from low resistance to high
resistance; and

wherein the vibration force mechanism is a turping force impaction

mechanism including a hammer and an anvil for an intermitient torque mode,

42, A power tool according to claim 38, 39, 40 or 41 including:

a drive socket operatively connected with either the nut or the stud-head;

a reaction socket ejther:

during the higher resistance forgue mode, operatively connected to the
nousing and the coaxial reaction surface to transfer a reaction force to the
coaxial reaction surface;

during either the lower resistance torque mode or the intermittent force
mode, either:

operatively connecied to the housing and the coaxial reaction surface;
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or operatively connected to the housing and operatively disconnected from

the coaxial reaction surface.

43. A power tool according to claim 38, 39, 40 or 41 including:

wherein the coaxial reaction surface is formed either integral with or
borded to a joint to be tightened;

a drive socket operatively connected with the nut, and

a reaction mechanism, during the higher resistance lorque maode,
operatively connected to the housing and the stud fo transfer a reaction force to
the stud.

44. A power tool according to claim 38, 39, 40 or 41 wherein the coaxial
reaction surtace is a washer and wherein during the intermittent force mode the
tool either:

runs down either the nut, the stud-head, the nut and the washer or the
stud-head and the washer with an intermittent turning force in one direction;

runs up either the nut, the stud-head, the nut and the washer or the stud-
head and the washear with the intermittent turning force in an opposite direction,

either impacts, vibrates or both impacts and vibrates either the nut, the
stud-head, the nut and the washer or the stud-head and the washer with either
an intermitent tuming force {o apply vibration and rotation in the opposite
diraction, the intermittent vibration force to apply vibration, or both the intermittent
turning force to apply vibration and rotation in the opposite direction and the
intermittent vibration force to apply vibration; or

any combination thereof.

45 A power tool according to claim 38, 39, 40 or 41 wheren the coaxial
reaction surface is a washer and wherein during the intermittent force mode the
tool either:

runs down either the nut, the stud-head, the nut and the washer or the
stud-head and the washer with an intermiftent turning force in one direction to

seal the nut or to seatl the stud-head from a restrictively rotatable siate with
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significant adverse boiting application charactenstics o a pre-determined pre-
tightening torque state and compress the washer betweaen a joint to be tightened
and either the seated nut or the seated stug-head;

Tuns up either the nut, the stud-nead, the nut and the washer or the stud-
head and the washer with an intermittent turning force in an opposite direction to
unseat the nut or unseat the stud-head from the pre-determined pre-tightening
torque state {o the restriclively rotatable siate with significant adverse bolting
application characteristics and decompress the washer between a joint to be
loosened and either the unseated nut or the unseated stud-head;

sither impacts, vibrates or both impacts and vibrates either the nut, the
stud-head, the nut and the washer or the stud-nead and the washer with either
an intermittent tuming force to apply vibration and rotation in the opposite
girection, the intermitient vibration force to apply vibration, or both the intermitient
turning force fo apply vibration and rotation in the opposite direction and the
intermittent vibration force o gpply vibration, from an inadeguately pulverized
thread corrosion state to an adequately pulverized thread corrosion state; or

any combination thereof,

46. A power tool according to claim 38, 38, 40 or 41 wherein the coaxial
reaction surface is 3 washer and wherein during the higher resistance torque
mode the tool either:

tightens either the nut or the stud-nead with a lower speed, higher torque
turning force in one direction and applies a reaction force in an opposite direction
to the washer;

loosens either the nut or the stud-head with the lower speed, higher torque
tuming force in the opposite direction and applies the reaction force i the one
direction to the washer; or

any combination thereof.
47. A power tool according to claim 38, 39, 40 or 41 wherein the coaxial

reaction surface 18 a washer and wherein during the higher resistance torque

mode the tool either:
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torques up either the nut or the stud-head with a lower speed, higher
torque turning force in one direction {o tighten the nut or o tighten the stud-head
from a pre-determined pre-tightening torque state 1o a pre-determined tightening
torque state and appiies a reaction force in an opposite direction to the washer {o
pressurize the washer between a loosened joint and either the tightened nut or
the tightened stud-head,

torques down either the nut or the stud-head with the lower speed, higher
torque turning force i the opposite direction to loosen the nut or to loosen the
stud-head from the pre-determined tightening torque state to the pre-determined
pre-tightening torque state and applies the reaction force in the one direction to
the washer o depressurize the washer belween g loosened joint and either the
toosened nut or the loosened stud-head; or

any combination thereof,

48. A power tool according to clam 38, 38, 40 or 41 wherein the coaxial
reaction surface is a washer and wherein during the lower resistance torque
mode the tool either:

runs down either the nut, the stud-head, the nul and the washer or the
stud-head and the washer with a higher speed, lower torgue turning force in one
girection;

ruas up either the nui, the stud-head, the nut and the washer or the stud-
head and the washer with the higher speed, lower torgue turning force in an
opposite direction; or

any combination thereof.

43. A power tool according to claim 38, 39, 40 or 41 whersin the coaxial
reaction surface is a washer and wherein during the lower resistance torque
maode the tool either:

runs down either the nut, the stud-head, the nut and the washer or the
stud-head and the washer with a higher speed, lower torque turming force in one
direction to seat the nut or 1o seat the stud-head from a freely rotatable state with

insignificant adverse bolting application characteristics to a pre-determined pre-

114



WO 2016/176518 PCT/US2016/029899

tightening torque stale and compress the washer between a joint o be tightened
and either the seated nut or the seated stud-head;

runs up either the nut, the stud-head, the nut and the washer or the stud-
head and the washer with the nigher speed, lower torque tumning force in an
opposite direction to unseatl the nut or unseat the stud-head from the pre-
determined pre-tightening torque state o the freely rotatable state with
insignificant adverse bolling application characterstics and decompress the
washer between the joint to be ioosened and either the unseated nut or the
unseated stud-head; or

any .combination thereof.

50. A power tool according to claim 38, 39, 40 or 41 wherein the tool either
tightens, ioosens or tightens and loosens either the nut or the stud-head in the
higher resistance torque mode, and wherein the tool either one of, two of or three
of runs up, runs down or impacts either the nut, the stud-head, the nut and the
washer or the stud-head and the washer in either the inlermittent torque mode or

the tower resistance torgue mode.

51. A power tool according to claim 38, 39, 40 or 41 wherein the coaxial
reaction surface is 2 washer and wherein the ool switches from the intermittent
torque mode to the migher resistance torque mode upon either:

seating either the nut or the stud-head and compressing the washer at a
pre-determined pre-tightening torque state;

adsguate pulverization of thread corrosion; or

any combination thereof.

52. A power tool according to claim 38, 38, 40 or 41 wherein the {00! swilches
from the higher resistance torque mode to either the intermittent torque mode or
the lower resistance torque mode upon unseating the nut or the stud-head and

decompressing the washer at a pre-determined pre-loosening torque state.
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53. A power tool according to claim 38, 38, 40 or 41 wherein the coaxial
reaction surface is a washer and wherein the too] switches from the lower
resistance torgue mode {o the higher resistance torque mode upen seating either
the nut or the stud-head and compressing the washer at a pre-determined pre-

tightening torgue state,

54. A power tool according to claim 38, 38, 40 or 41 wherein the turning force
multiplication mechanism includes a pluralty of turning force multiplication
transmitters and wherein the vibration force mechanism includes a plurality of
vibration transmitters.

55. A power ool according to claim 54 including:

the housing being operatively connected with at least one muttiplication
fransmitier;

wherein during the higher resistance {orque mode and the lower
resistance torque mode at least two mulliplication transmitters rotate relative to
the other: and

wherein during the intermittent torque mode at least two multiplication
fransmitters are unitary to achieve a hammering motion from the impaction

mechanism.

56. A power tool according to claim 38, 39, 40 or 41 including:

wherein the higher resisiance torgue mode can be switched from torque
regulated to vibration assisted or vice versa;

wherein the lower resistance torgue mode can be switched from forque
reguiated to vibration assisted or vice versa; and

wherein the intermittent torgue mode can be swiiched from vibration

regulated to torque assisted or vice versa.
57. A power tool according to claim 38, 38, 40 or 41 wheremn the coaxial

reaction surface 8 a washer and wherein the vibration mechanism can continue

operating even If the washer beging or ceases rotation,
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58 A power ool according to claim 38, 38, 40 or 41 wherein the higher
resistance torque mode s not vibration assisted during tightening but can be
vibration assisted for loosening to overcome chemical, heat and/or lubrication

corrosion and avoid bolt thread galling.

58. A power tool according to claim 85 wherein the coaxial reaction surface is
a washer and wherein during the intermiltent torgue mode the drive and the
combination of the unitary multiplication transmitters with the housing rotate - in
the same direction.

60. A power ool according to claim 55 wherein during the intermittent torque
mode the rotation of the drive and the combination of the unitary multiplication
transmitiers with the housing in the same direction as the plurality of turning force
impaction transmitters creates inertia which enhances torque outpul of the
impaction mechanism to overcome corrosion, thread and facial deformation and
avoid boit thread galling.

81. A power tool according to claim 55 wherein the activation or deactivation

of the impaction mechanism occurs either manually or automatically.

62. A power tool according to claim 38, 39, 40 or 41 including a switch which
shifts the tool from either:
the higher resistance torque mode to the intermitient torque mode;
the higher resistance torque mode fo the lower resistance torque mode:
the tower resistance torque mode {o the intermittent torque mode;
the lower resistance torgue mode to the higher resistance torque mode;
the intermittent torque mode to the higher resistance torque mode; or

the intermittent torque mode to the lower resistance torgue maode.

63. A power tool according to claim 62 wherein the swilch is either automatic

or manual,
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64. A power tool according to claim 38, 38, 40 or 41 which generates sither an
ultrasonic turning force, an ultrasonic vibration force, or both of the above.

65. A power tool according to claim 42 wherein the drive sockel is an inner

socket and wherain the reaction socket is an outer socket.

66. A power ool according to claim 42 wherein the coaxial reaction surface is
a washer and wherein the simultaneous engagement of either the nut and the
washer or the stud-head and the washer gduring the higher resistance torgque
mode: eliminates side {oad; yields a more even bolt load (o ensure a more even
joirit compression; simplifies tool use; reduces risk of operator error; and

improves operator safely.

67, A power tool according to claim 38, 38, 40 or 41 wherein the higher
resistance torque mode is a lower speed, higher torque mode, and wherein the
lower resistance torque mode is a higher speed, lower torque mode.

68. A power tool according to claim 38, 39, 40 or 41 including either:

wherein the coaxial reaction surface is a washer and wherein the washer
is formed either integral with or bonded to a joint to be lightened,; or

wherein the industnal threaded fastener is of the kind having the nul and

the coaxial reaction surface is the stud.

69. A power {ool according io claim 38, 38, 40 or 41 wherein the industrial
threaded fastener is of the kind having a stud-head including either: an allen key
connection; a socket shoulder screw {("SSCY) head; a socket head button screw
("SHBS" head; a hex head cap screw ("HHCS") head; a round head slolted
screw ("RHSS") head; a flat head forx screw ("FHTS") head; a socket set screw
("SS8") head; or a socket head cap screw "(SHCS") head.
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70. A power tool according to claim 38, 38, 40 or 41 wherein the tool is driven
either slectrically, hydraulically, pneumatically or any combination thereof.

71, A method of gall-minimized either tightening, loosening or both tightering
and loosening of an industrial threaded fastener of the kind having a coaxial
reaction surface, a stud and either a nut threadedly engageable with the stud or a
stud-head connecied to the stud with a reaction arm-free torque power tool of
either claim 38 - 70 including:

whereain tightening includes:

running down in one direction either the nut, the stud-head, the nut and
the coaxial reaction surface or the stud-head and the coaxial reaction surface,

torqueing tight in the one direction either the nut or the stud-nead while
reacting in the opposite diraction off of the coaxial reaction surface,

wherein loosening mcludes:

torgueing loose in the opposite direction either the nut or the stud-head
while reacting in the one direction off of the coaxial reaction surface; and

running up in the opposite direction either the nut, the stud-head, the nut
and the coaxial reaction surface or the stud-head and the coaxial reaction
surface.

72. A method according tc claim 71 including:

wherein tightening includes:

placing the coaxial reaction surface over a joint to be tightened;

placing either the nut or the stud-head over the coaxial reaction surface;

switching to a higher resistance torgue mode.

wherein loosening includes:

placing the tool over either the ughlened nut or the ughtened stud-head
and the pressurized coaxtal reaction surface; and

switching from LSHT mode o HSLT mode.

73. A two-part nut assembly for use with either a stud or a bolt of a threaded

fastener and a torque device including:
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a rigid inner member having an inner surface threadedly engagable with
the fastener and an outer surface defined by a plurality of steps that form a taper;

an outer member having an inversely tapered inner surface nonrotatably
engagable with the tapered external surface of the inner member, and

wherein, when rotated by an action portion of the torque device, applies a

load to the threaded fastener,

74.  An apparatus according to claim 73 wherein the inner member is either

superficially, partially, selectively or thoroughly metallurgically hardened.

75.  An apparatus according to claim 73 wherein the inner member s sither
superticially, partially, selectively or thoroughly metallurgically hardened by
either: flame hardening, induction hardening, carburizing, boriding, nitriding,;
cyaniding, carbonitridring; ferritic nitrocarburizing; annealing; auenching, aging;
tempering,; heat treating (differential, flame, inguction, case, etc.); cold treating

{cryogenic), or any combination thereof.

76.  An apparatus according to claim 73 having decreased, relative to known
three piece nut assemblies, dimensions for fHimited bolting clearances and
increased, relative to known nuts, prevention of thread galling, fractures and load

loss.

77.  An apparatus according to claim 73 wherein a load bearing surface area
between the nner and the outer members aliows {or strategically biased vertical
and radial stress distribution without having to substantially increase apparatus

dimensions.

78.  An apparatus according to claim 73 wherein the external surface of the
inner member and the internal surface of the outer member are shaped as any
suitabie rotational coupling means, having either constani or vanable step

guantties, dimensions, geometries, angles and/or intervals.
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79. An apparatus according to claim 73 wherein the exiemnal surface of the
inner member and the internal surface of the cuter member are shaped either as
frustums of an angled stepped cone for a relatively low plurality of sieps or
frustums of an angled smooth cone for a relatively high plurality of steps having
either constant or variable step quantities, dimensions, geomeiries, angles and/or

intervals,

8C.  An apparatus according to claim 73 wherein the taper of the inner member
increases from an upper surface 1o a lower surface, and wherein the taper of the
outer member decreases from an upper surface to a lower surface.

81 An apparatus according to claim 73 wherein the taper of the inner member
decreases from an upper surface to a lower surface, and wherein the taper of the

outer member increases from an upper surface to a lower surface.

82. An apparatus according to clam 73 wherein the outer member
substantially surrounds the inner member.

B3.  An apparatus according to claim 73 wherem either the inner member, the
outer member or both the inner and the outer members, when rotated by an

action portion of the torque device, applies 3 load {o the threaded fastener

84.  An apparatus according to claim 73 wherein the inner member and the
outer member are pressed fegether in a prediclably deforming way to prevent
unintended disassembly of and/or relaxation from partially mated surfaces.

85 An apparatus according to claim 73 including a reaction washer having:
an oufer edge having a geometric shape that allows for rotational coupling
with the torque device via a dual drive coaxial action and reaction assembly, and
a bottom surface having friction coefficient increasing treatmenis biased in

areas outward from a center bore.
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86. An apparatus according o claim 85 wherein the reaction washer is
releasably aftachable {o the apparatus, and wherein the reaction washer
detaches ai a predetermined pre-torgue {o become a suitable reaction point.

87. A threaded fastener having either a siud or a bolt and an apparatus

according to either claim 73-86.

88. A torque power tool either pneumatically, electrically, hydraulically or
manually driven to tighten or loosen a threaded fastener according to claim 87.

89. A system for fastening objects including:

a threaded fastener having either a stud or a boll and an apparatus
according to claim 87; and

a torque power tool either pneumatically, electrically, hydraulically or

manuaily driven to tighten or loosen the threaded fastener.

80. A threaded fastener for use with a stud fastening objects including:

either a nut to be tightened or luosened threadedly engageable with the
stud or a stud-head to be tightened or loosened connected {o the stud; and

the reaction washer of either claim 1 - 25 connacted to either the nut or
the stud-head.

91. A threaded fastener according to claim 90 which is to be either tightened

and/ar loosened by the fastening socket assembly of either claim 26 - 30.

92. A threaded fastener according to either claim S0 or 81 wherein the nut or

stud-head is the apparatus according to either claim 73-86.

893. A threaded fastener according to either claim 90 - 92 wherein the nut or
stud-head and the reaction washer are connected by a bond which bresks at or
prior to a predetermined pre-torque once compression and friction forces

pvercome such bond such that the reaction washer becomes a suitable reaction
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point.

94. A threaded fasiener according to claim 23 including any suitable bonding
andfor connection method and/or agent, such as adhesives, glues, epoxies,

magnets, solvents, solders, welds, and/or any combination thereof.

95. A threaded fastener according to either claim 90 - 92 wherein the nut or
stud-head and the reaction washer are connected and freely rofalable with each

other.

96. A threaded fasiener according to claim 95 wherein the nut or stud-head
and the reaction washer are connected by a protrusion extending outwardly and
downwardly from a bottom surface of the nut or stud-head to engage =
depression extending inwardly and upwardly from a bottom surface of the

reaction washer.

97, A threaded fastener according to either claim 90 - 92 wherein the nut or
stud-head and the reachon washer are connected by an interference fit that is

overcome at or prior o the pre-determined pre-torque.

98. A threaded fastener according {o claim 97 including any suitable
interference fit such as o-rings or press-fit tabs to prevent unintended

disassembly.

899. A threaded fastener according to claim 31 including 2 HYTORC® Duai
Faced Friction Washer having characteristics of 8qu§rter® Washers disposed
betwesn the other of the objects and another part of the fastener not o be
rolated, wherein the friction washer having fop and boliom faces each formed
with friction coefficient increasing treatments of claim 6 to prevent the other part

cof the fastener from rotating.

100.  Any novel feature or novel combination of features described hersin with

reference to and as shown in the accompanying drawings.
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