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APPARATUS FOR TIGHTENING OR LOOSENING FASTENERS

CROSS REFERENCE TO RELATED APPLICATION
This Application is a confinuation-in-part application of co-pending US.
Application Ser. Nos.: 12/428,200, having the Filing Date of April 22, 2009, that is
entitled "Reaction Adaptors for Torque Power Tools and Methods of Using the

Same”, an entire copy of which is incorporated herein by reference; 12/574,784,
having the Filing Date of October 07, 2008, that is entitled "Reaction Adaptors for
Torque Power Tools and Methods of Using the Same”, an entire copy of which is
incorporated herein by reference; and 61/267,694, having the Filing Date of
December 08, 2009, thal is entitled “Apparatus for Tightening or Loosening
Fasteners”, an entire copy of which is incorporated herein by reference.

BACKGROUND
1. Field of the Technology

The present application relates generally o torque power tools, and more
particudarly to reaction adaptors for tools, tools having adaptors, and methods of
using the same.

2. Description of the Related Art
Torque power iools are known in the art and include those driven

pneumatically, electrically, hydraulically, manually, by a torque mullipher, or
otherwise powered. Al torque power fools have a fuming force and an equal and
opposite reaction force. Often this requires the use of reaction fixtures to abut
against viable and accessible stationary objects o stop the housing of the ool
from {urning backward, while a fastener, such as for example a nul, turns
forward. The stationary object must be viable in that it must be able to absorb the
reaction force and be accessible in that it must be nearby for the reaction fixture
{0 abut against it. The reaction fixture may be connected around an axis or the
housing, and a mechanism is provided to hold the fixture steady relative o the
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tool housing during operation. This may be achieved with splines, polygons, or
other configurations. Several examples of known torque power tools that include
a reaction arm to abut against a stationary object are disclosed in U.S. Patent
No. 8,152,243, UG, Palent No. 6,253,642 and UGS, Patent No. 6.715,881,
commonly owned and incorporated by reference herein,

Present reaction fixtures limit {ool functionality. Those connected about a
turning force axis, on the one hand, allow for complete rotation of a ool housing
about the turning force axis without changing the abulment point. On the other
hand, they are limited to coaxial abutment against stationary objects. Those
connected at the housing, on the one hand, aliow for abutment against stationary
objects positioned in various circumferential and spatial locations relative to the
nut to be turned. On the other hand, they prevent complete rotation of the tool
housing about the turning force axis without changing the abuiment point.

Adjustability of present reaction fixtures is limited to about a single axis
objects in non-accessible locations. Operators commoniy need several 1ools at a
workstation each having a reaction fixture oriented differently to abut against a
viable and accessible siationary object Altematively, operators must
disassembie the tool, reposition the reaction fixture and reassembie the tool. The
former solution is expensive while the latter sclution is fime consuming.

 present reaction fixtures cannot abut against viable and accessible
stationary objects properly, custom reaction fixtures need 1o be engineered. Re-
engineering of the tool connection means to accommodate custom reaction
fixtures is prohibitively expensive, unsafe and time consuming. Tool
manufacturers offer several commercially available reaction fixture constfructions
for these reasons.

During operation of tools, twisting forces are induced on the housing along
the turning force axis by the transfer of the reaction force through the reaction
fixture to the stationary object. The reaction force for tools with torque output of
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10,000 fi.ibs. can be as high as 40,000 tbs. and is applied as a side lbad to the
stationary object in one direction and to the fastener to be turned in an opposite
direction. Large reaction forces bend and increase the fuming friction of the
fastener.

Twisting forces are limited and least destructive when the reaction force is
transferred to a stationary object perpendicular to the tumning force axis. The
ideal abutment point is perpendicular to the turning force axis and on the same
plane as the fastener to be tumed. Tools operating with sockets that reach down
o the same plane as the fastener cause twisting forces. Twisting forces
exacerbale fastener-bending forces roughly by a distance H between the
attachment point of the socket {o the tool and the fastener plane. These twisting
and fastener-bending forces are limited and least destructive when the reaction
force is transferred perpendicular 1o the turning force axis in a plane roughly the
distance H above the fastener plane. Thus the ideal abutment pressure point is
perpendicular to the turning force axis in the plane distance H above the fastener
plane. Rarely do present reaction fixtures transfer the reaction force 1o the ideal
abutment pressure point. Reaction fixtures must be adjustable to minimize
twisting and fastener-bending forces so as {o avoid the tool from jumping off of
the job or from failing.

Present reaction fixiures are not adjustable arcund mulliple axes dus fo
concerns regarding total tool weight. Tools need to be portable for the majority of
fasteners. The maximum tool weight o be carried safely by an operator should
not exceed 30 ths. For larger fasteners, the maximum tool weight to be carried
safely by two operators should not excesd 80 lbs. For applications where the
only viable and accessible stationary object requires custom reaction fixtures,
these weights are exceeded and crane use is required. Crane use o support the
tool is expensive and is economical only for large fasieners.

Other tools provided with reaction fixtures of the prior art are disclosed, for
example, in U8, Pat. Nos. 3,361,218, 4,548,438, 4538484, 4,607 5486,

012-001/PCYT ~ Junkers, et al. 3



WO 2010/124150 PCT/US2010/032139

1

24

4,619,160, 4,671,142, 4,708,526, 4,928,558, 5,027,832, 5,018,502, 5,142,851,
5,152,200, 5,301,574, 5,791,619, 6,260,443.

Accardingly, what are needed are reaction force transfer mechanisms
which overcome the deficiencies of the prior art, as well as methods of using the

same.

SUMMARY,

Reaction adaptors for torque power tools pneumatically, electrically,
hydraudically and manually driven, tocls having the adaptors, and methods of
using the same, are disclosed. in an illustrative example, a first reaction adaptor
includes a first force-transmitting element, when engaged with a tool, being
rotatable about a turning force axis of the tool; and a second force-transmitting
element, when engaged with the first element, being either rotatable about,
extensible and retractable along, or rotatable about and extensible and

Hustrative example, a tool for tightening or foosening a fastener includes the first
reaction adaptor.

in another illustrative example, a second reaction adaptor of an apparatus
for tightening or loosening a fastener includes: a first force-fransmifting slement
attachable 1o a reaction support portion of the apparatus; a second force-
transmitting element slidably attachable to the first element, and wherein the
second adaptor is adjustable to abut against a stationary object.

Advantageously, the first element is engageable and attachable
separately, individually and independently {o the {ool and the second element is
engageable and atiachable separately, individually and independently to the first
element. Porlability of the tool is maximized while weight of the tool is minimized.
Commercially available reaction fixtures may be used with or in replacement of
portions of the first and second elements, rather than custom reaction fixtures,
thereby reducing costs and increasing safely. The reaction adaptor is adjustable
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o minimize twisting and fastener-bending forces so as {o avoid the tool from
jumping off of the job or from failing. The reaction adaptor, when engaged with
the {ool, is adjustable to swround, engage or abul against viable fasteners or
stationary objects at the ideal abutment pressure point. The reaction adaptor,
when atlached to the tool, may transfer the reaction force fo the ideal abutment
pressure point during operation. Operalors ne longer need several tools at the
workstation each having a reaction fixture oriented differently to abut against
viable stationary objects for each application. Nor do operators need to
completely disassembie the tool, reposition the reaction adaptor and reassemble
the ool for each application.

in another illustrative example, an apparatus for tightening or loosening
fasteners includes: a first and a second receiving member, rotatably supported in
the apparatus, for receiving a first and a second fastener; a first and a second
device for effecting rotation of the respective receiving members {o tighten or
loosen the respective fasteners; and a device for controlling an operation
parameter of the respective devices for effecting rotation {o maintain a difference
in the operation parameters within a predetermined vaiue.

Advantageously, inadvertent injury to the operator; bolt load variances
caused by frictional differences from one fastener {o another; fastener bending
and thread galling from nonsymmetrical absorption of the side load; and fastener
replacement caused by fastener bending and thread galling are substantially
decreased. The reaction forces from the apparatus substantially cancel
themselves out at the ideal abutment pressure point. And the portability of the
apparatus is increased. Furthermore the ahifity to simultansously tighlen or

loosen two fasteners increases efficiency and productivity.

BRIEF DESCRIPTION OF THE DRAWINGS
For a fuller understanding of the nafure and advantages of the present

application, as well as the preferred mode of use, reference should be made to
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the following detailed description read in conjunclion with the accompanying
drawings:

FIG. 1 is a side view of an exemplary embodiment of a reaction adaptor
for a forque power toal and the toal having the reaction adaptor of the present
application;

FiG. 2 is a plan view FIG. 1;

FIG. 3 is a three-dimensional view of FIG. 1 having the reaction adaptor
adjusted to abuf against a stationary object about a pipe flange,

FIG. 4 is a flowchart which describes an exemplary method of using the
reaction adaptor and the tool having the reaction adaptor;

FiGs. 5A-5C are perspective views of alternative embodiments of a third
and a fourth connecting means of a first and a second force-transmitting element
and a fourth connecting means of a second force-transmitting element of the
reaction adaptor including bores and threaded nuts, bores and detents, and
polygonal configurations;

FiG. 6 is a display of commercially available reaction fixtures usable with
portions of the reaction adaptor;

FIG. 7 is a side view of an apparatus for tightening or loosening fasteners
having a forgue output regulation system;

FIG. 8 is a three-dimensional view of apparatus of FIG. 7,

FIG. 9 is a three-dimensional view of a first and a second pneumaticaily,
electrically, hydraulically or manually driven torque power tool attached by a
reaction adaptor,;

FIG. 10 is a three-dimensional view of ancther exemplary embodiment of
a reaction adaptor for the tool; and

FIG. 11 is a three-dimensional view of another exemplary embodiment of
a reaction adaptor for another tool.

012-001/PCT - Junkers, ef al. &
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following descriptions incorporate the best embodiments presently

contempiated for carrying out the present application. This description s made
for the purpose of itlustrating the general principles of the present application and
is not meant to fimit the inventive concepts claimed herein.

An Exemplary Embodiment of a Reaction Adaptor for a Torque Power
Tool and the Tool Having the Reaction Adaptor. FIG. 1 shows a side view of an
exemplary embodiment of a reaction adaptor 150 for a torque power tool 100.
FIG. 2 is a plan view of FIG. 1. Tool 100 includes a housing 101 having two
hausing portions, a cylinder partion 102 and a driving portion 103,

Cylinder-piston means 104 are amranged in cylinder portion 102 and
include a cylinder 105, a piston 106 reciprocatingly movable in cylinder 105 along
a piston axis A4, and a piston rod 107 connected with piston 106, A known lever-
type ratchet mechanism 108 is arranged in driving portion 103, connected to and
drivable by cylinder-piston means 104, and includes a ratchet 109. Ratchet 109
is turnable about @ turning force axis By which is perpendicular o piston axis A4
Ratchet 109 is connected with a driving element 110 which receives a first
turning force 180 acting about fumning force axis By in one direction 192 during
operation of {ool 100 (see also FIG. 2). Turning force 190 tums a hex socket 111
attached to driving element 110 which turns a nut 131

A reaction support portion 114, formed on a part of cylinder portion 103
receives second turning force 191 acting about tuming force axis By in ancther
direction 193 during operation of tool 100. Reaction support portion 114 is formed
of an annular polygonal body 115 having a plurality of outer splines 1186. Outer
splines 116 are positioned circumferentially around annular body 115 and extend
radially outwardly from a central axis A, which is coaxial with piston axis A

A reaction support portion 120, connected to driving portion 103, ailso
receives second turning force 181 acting about tuming force axis By in another
direction 183 during operation of tool 100. Reaction support portion 120 is formed

012-001/PCT - Junkers, ef al. 7
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of an annutar polygonal body 121 having a plurality of outer aplines 123. Cuter
splines 123 are positioned circumferentially around annular body 121 and extend
radially oubwvardly from a central axis B, which is coaxial with turning force axis
B..

Reaction adaptor 150, when attached to reaction support portion 120,
raceives second tuming force 191 acting in another direction 183 during
operation. First and second turning forces 190 and 191 are equal to and in
opposite directions to each other. First furning force 180 turns fastener 131 while
reaction adaptor 150 transfers second turning force 191 to a stationary object at
abutment pressure point Py, in this case, a neighboring nut 133,

Reaction adaptor 150 generally includes a first force-transmitting element
160, when engaged with tool 100, being rofatable about tuming force axis Bi;
and a second force-transmitting element 170, when engaged with first element
160, being one of rotatable about, extensible and retractable along, and rotatable
about and extensible and retractable along at least a distal portion 165 of first
alement 180. First element 160 includes a proximal portion 181 formed of an
annular polygonal body 162 having a plurality of inner splines 163, and distal
portion 185 formed of a tubular member 166 having an internal bore 167 with a
plurality of inner splines 168. Second element 170 includes a proximal portion
171 formed of a tubular member 172 having a plurality of outer splines 173, and
a distal portion 175 formed of a rectangular body 176. First element 180, when
attached 1o tool 100, extends substantially perpendicular to and has a first force-
transmitling axis C, substantially perpendicular to tuming force axis By. Second
glement 170, when atlached to first element 160, extends substantially
perpendicular to and has a second force-fransmifting axis D, substantially
parpendicular to first force-transmitting axis C..

First element 160 is shown non-rotatably atftached fo reaction support
portion 120 in a first position and held in place by a locking mechanism 180. First
element 160 is engageable and attachable separafely, individually, and

012-001/PCYT ~ Junkers, et al. 8
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independently to fool 100, Inner splines 163 are positioned circumferentially
arcund the inside of annular body 162 and extend radially inwardly toward a
central axis Ba. Annular body 1682 is of such inner width and annudar body 121 is
of such outer width that inner splines 163 mesh with outer splines 123. Annular
body 121 and proximal portion 161 include first and second connecting means
124 and 164. Reaction support portion 120 and first element 160 are altachable
1o each other hy aftaching first and second connecting means 124 and 164,
Locking mechanism 180 may include a bore and pin or other well known
configuration ke a spring loaded reaction clamp at the base of reaction support
partion 120 and receiving grooves on proximal portion 161, Axes B¢, By, and Ba
are coaxial when first element 180 and reaction support portion 120 are attached
o each other and o tool 100.

Second element 170 is shown non-rotatably attached to first element 160
in a second position and held in place by a locking mechanism 181, Second
element 170 is engageable and attachable separately, individually, and
independently to first element 180, Inner splines 168 are positioned
circumferentially around the inside of internal bore 167 and extend radially
inwardly toward a central axis C; Ouler splines 173 are positioned
circumferentially around tubular member 172 and extend radially outwardly from
a central axis Cs. Internal bore 167 is of such inner width and twbular member
172 is of such outer width that inner splines 168 mesh with outer splines 173.
internal bore 167 receives tubular member 172 in a telescoping arrangement.
Distal portion 165 includes third connecting means 168 which comprises {ubular
member 166, internal bore 167, and inner splines 168. Proximal portion 171
includes fourth connecting means 174 which comprises tubular member 172 and
outer splines 173. First and second elements 160 and 170 are attachable {o each
other by attaching third and fourth connecting means 169 and 174 which are held
in place by locking mechanism 181, Locking mechanism 181 may include a bore
and pin or other well known configuration like a spring loaded reaction clamp on

012-001/PCYT ~ Junkers, et al. g
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distal partion 165 and receiving grooves on proximal portion 171, Axes 84, Bs,
and Bz are coaxial and C4, Gy, and Gs are coaxial when second element 170, first
element 160 and reaction support portion 120 are attached to each other and {o
tool 100. Rectanguiar body 178 of distal portion 175 as shown extends
substantially perpendicular to tubular member 172 and first element 180,

Tool 100 is prepared to twrn nut 131 threaded on a lug 132 {o connect
flanges (not shown). Reaction adaptor 150 is atiached to tool 100 in a reaction
force transfer position o fransfer turning force 191, the reaction force, to nut 133
at abutment pressure point Py during operation. As turning force 180 turns hex
socket 111 on nut 131, rectangular body 178, supported by distal portion 175,
bears against abutment pressure point Py on the walls of nut 133. This prevents
ratchet 109 from rofating inwardly relative fo nut 131, Thus nut 131 is turned by
hex socket 111 {0 a desired torque.

Nut 31 to be furmed is located in the center, abutment pressure point P for
reaction adaptor 150 is arranged left of center, and nut 135 is arranged right of
center. Since action and reaction are equal but opposite, reaction adaptor 150
pushes ifs abutment area backwards from the center {see FIG. 2). Side loads
applied to driving portion 103 are reduced but not eliminated.

FIG. 3 is a three-dimensional view of FIG. 1 having a reaction adaptor 350
ahuited against a piping segment 302 of a pipe flange 300. Reaction adaptor 350
is similar to reaction adaptor 150 of FiGs. 1-2 in all material ways except that
second element 370 has been rotated counterclockwise to abut against piping
segment 302 at an abutment pressure point Pa. As discussed previously, tool
100 operates with hex socket 111 which reaches down to a fastener plane 141.
Twisting forces exacerbate fastener-bending forces by a distance M roughly
between the attachment point of socket 111 to tool 100 at plane 140 and fastener
plane 141 (see FIG. 1) In this embodiment, axes C,, Cs, C; and Dy lie in plane
140 at distance H above plane 141. The twisting and fastener-bending forces are
limited and least destructive when tuming force 181, the reaction force, is

012-001/PCYT ~ Junkers, et al. 10
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transferred perpendicular to tumning force axis B in plane 140, Thus the ideal
abutment pressure point P for reaction adaptor 350 is perpendicidar o tuming
force axis B+ in plane 140.

Advantagecusly, first element 180 is engageable and altachable
separately, individually and independently to tool 100 and second element 170 is
engageable and attachable separately, individually and independently to first
element 180. The portability of tool 100 is maximized while the weight of {ool 100
is minimized. Commercially available reaction fixtures may be used with or in
replacement of portions of first and second elements 180 andfor 170, rather than
custom reaction fixtures, thereby reducing costs and increasing safety. Reaction
adaptor 150 is adjustable to minimize fwisting and fastener-bending forces so as
to avoid tool 100 from jumping off of the job or from failing. Reaction adaptor 150,
when engaged with tool 100, is adjustable to abut against viable and otherwise
inaccessible stationary objects at the ideal abutment pressure point Py, Reaction
adaptor 150, when atfached to tool 100, transfers turning force 191 to at the ideal
abutment pressure point P; during operation.  Operators no longer need several
tools at the workstation each having a reaction fixture oriented differently to ghut
against viable stationary objects for each application. Nor do operators need {o
completely disassemble fool 100, reposition reaction adaptor 150 and
reassemble tool 100 for each application. Also, reaction adaptor 150 allows for
complete rotation of housing 101 about tuming force axis By without changing
abutment point P thereby avoiding any circumferential obstructions in a rotation
ptane of housing 101,

An Exemplary Method of Using the Reaction Adaptor and the Tool Having
the Reaction Adapior. FIG. 4 is a flowchart which describes an exemplary
method of using the reaction adaptor and the tool having the reaction adaptor
FliGs. 1-3 will be referenced with the flowchart steps of FIG. 4.

Beginning with step 404 of FIG.4, tool 100 is provided by providing
housing 101 having cylinder portion 102 and driving portion 103; arranging, in

012-001/PCT - Junkers, ef al. 11
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cylinder portion 102, cylinder-piston means 104 movable along piston axis Ay
arranging, in driving portion 103, raichet mechanism 108 connected fo and
drivable by cylinder-piston means 184;

providing, in ratchet mechanism 108, ratchet 109 turmable about turning force
axis B which is perpendicular to piston axis Ay and providing driving element
110, connected to ratchet 109, receiving first turning force 180 acling about
turning force axis By in one direction 192 during operation of tocl 100,

Next, in step 406 of FIG. 4, first element 160 is engaged with tool 100 by
bringing proximal portion 161 substantially adjacent to reaction support portion
120 and substantially aligning axes By, B:, and Ba. Annular body 162 1s passed
over driving element 110

in step 408 of FIG. 4, first element 160 is rotated about turning force axis
By to a first position. The first position is chosen based on the proximity of a
viable and accessible siationary object that may be found in varicus
circumferential and spatial locations relative to nut 131, First element 160, when
engaged with tool 100, is rotatable about turning force axis By because inner
splines 163 and outer splines 123 have not yst been meshed.

in step 410 of FIG. 4, first element 160 is attached fo reaction support
portion 120 in the first position by meshing inner splines 163 and outer splines
123 and activating locking mechanism 180, in steps nof shown in FIG. 4, hex
socket 111 is altached to driving element 110, and {ool 100 is placed on nut 131.

In step 412 of FIG. 4, second slement 170 is engaged with first slement
160 by bringing proximal portion 171 substantially adjacent to distal portion 165
and substantially aligning axes C4, C;, and Cs.

in step 414 of FIG. 4, second element 170 is positioned to abut against
the stationary object in a second position by rotating it about and then retracting it
along distal portion 185. The second paosition is chosen based on the proximity of
the viable and accessible stationary object. Second element 170, when engaged
with first element 160, is rotatable about distal portion 185 because inner splines

012-001/PCT - Junkers, ef al. 12
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168 have not yet been meshed with outer splines 173, Second slement 170 is
rotated about distal portion 185 {o one of a plurality of extension angles; inner
splines 168 and outer splines 173 are meshed when internal bore 167 receives
tubular member 172 in a telescoping arrangement; and second element 170 is
retracted along distal portion 165 to one of a plurality of extension lengths.
Reaction adaptor 150, in the second position, abuts against the viable and
accessible stationary object, nut 133. in step 416 of FIG. 4, second element 170
is aiftached to first element 1680 in the second position by activating locking
mechanism 181, Reaction adaptor 150 is now in reaction force {ransfer position.

When necessary to disassemble ool 100 or adjust reaction adaptor 150 to
another abulment pressure point, second element 170 s detached from first
element 180 by deactivating locking mechanism 181. Second element 170 is
extended along distal portion 185 untd inner splines 168 and outer splines 173
are no longer meshed and second element 170 is no longser subsianhially
adjacent first element 160, Tool 100 may be displaced from nut 131 and hex
socket 111 may be detached from driving element 110. First element 160 is
detached from reaction support portion 120 by deactivating locking mechanism
180, unmeshing inner splines 163 and outer splines 123, and removing it from
reaction support portion 120. The steps of FIG. 4 are then repeated.

in an alternative method of using the reaction adaptor and the tool having
the reaction adaptor, the second element is engaged with the first element prior
to the first element being engaged with the tool. The reaction adaptor is fully
assembled and pre-adjusted and may be abuited against a viable and accessibie
stationary object prior to being engaged with the tool.

Allernative Structures of the First and Second Connecling Means.
Reaction support portion 120 may have a height such that first element 164G,
when engaged with reaction support portion 120, is also slideable along reaction
support portion 120. Distance H and thus plane 140 may be varied by sliding first
elerment 160 along reaction support portion 120.

012-001/PCT - Junkers, ef al. 13
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Proximat portion 161 may have a hinged annular body 162 such that
annular body 162 is not passed over driving element 110 in step 406 of FIG. 4.
First element 160 is engaged with tool 100 by bringing proximal portion 161
substantially adjacent o reaction support portion 120, unhinging annular body
162, and substantially aligning axes B4, B, and Bs. Note that a similar struciture
may be used for other tool and reaction adaptor components.

Alternative Structures of the Third and Fourth Connecting Means. FiGs.
5A-8C are perspective views of allemative structures of the third and fourth
connecting means of the first and second elements including bores and threaded
nuts, hores and detents, and polygonal configurations. Referring back to FIGs. 1-
4, distal portion 165 and proximal portion 171 include third and fourth connecting
means 169 and 174 which are splined configurations. First and second elements
160 and 170 are alltachable to each other by attaching third and fourth
connecting means 169 and 174,

FIG. BA is a perspective view of a second structure of g third and fourth
connecting means 569, and 5744, Generally discussion related to FIGs. 1-3
applies to FIG. 5A. A portion of distal portion 585, of first element 180 is shown
formed of a tubular member 566, having an intematl bore 567, and at least three
sets of a plurality of radially directed, circumferentially spaced, threaded-through
bores 58841, 56842, and 568a:. A portion of proximal portion 5714 of second
glement 170 is shown formed of a fubular member 572, having at least three sets
of a pluralily of radially directed, circumferentially spaced, inwardly fapered
attachment bores 57354, 57352, and 57345, 80 as to operatively engage with first
glement 160. Bore sets 568,-568,3, are of such size as to receive a threaded
end of threaded boits 582 and bore seils 57341-5734; are of such size so as {0
receive a lapered end of bolts 582, at one of a plurality of extension angles and
exiension lengths. internal bore 567, is of such inner width and tubular member
572418 of such outer width that bore sefs 568,:-568,3 align with bore sets 5734+
573a:. Internal bore 567, receives tubular member 5724 in a telescoping
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arrangement. Distal portion 565, includes third connecting means 5684 which
comprises tubular member 566, internal bore 5674, and bore sels 568.1-588,;.
Proximal portion 5714 includes fourth connecting means 574, which includes

tubular member 572, and hore sets 573.+-57345. First and second elements 160

and 170 are attachable to each other by attaching third and fourth connecting
means 569, and 574a.

Generally discussion related to the method of FIG. 4 applies fo FIG. 5A. In
step 412 of FIG. 4, second element 170 is engaged with first element 180 by
bringing proximal portion 571a substantiaily adjacent to distal portion 565a.
substantially aligning axes Gy, Cz, and Gs, and inserting proximal portion 5714
info distal portion 5854 in a telescoping arrangement,

FiG. 5B is a perspective view of a third structure of a third and fourth
connecting means 568y and 574s. Generally discussion related to FlGs. 1-3
applies fo FIG. 5B. A portion of distal portion 565 of first element 160 is shown
formed of a tubular member 566 having an internal bore 567 and at least three
sets of a plurality of radially directed circumferentially spaced bores 568s., 568s:,
and 568ga. A portion of proximal portion 571 of second element 170 is shown
formed of a tubular member 5725 having at least three sets of a plurality of
radially directed, circumferentially spaced bores 5735:-573g2. Al least three sels
of a plurality of delents 5825.-582g; project through bore sets 573g-573g; and
are biased radially outwardly by spring mechanisms {(not shown) so as fo
operatively engage with first element 160. Bore sets 568:-568s; are of such size
as to receive detent sets 582:-582y; at one of a plurality of extension angles and
extension lengths. internal bore 567 is of such inner width and tubular member
572g is of such oufer width that bore sets 568y:-568g; align with bore sets 573g+
573s:. Internal bore 5675 receives tubular member 572; in a telescoping
arrangement. Distal portion 585y includes third connecting means 569y which
includes tubular member 566g, internal bore 5675, and bore sals 5685:-568g;.
Proximal portion 571 includes fourth connecting means 574s which includes
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tubular member §72g, bore sels 5735.-573gz, and detent sets 58241-582pa. First
and second elements 160 and 170 are attachable to each other by attaching third
and fourth connecting means 568 and 574s.

Generally discussion refated to the method of FIG. 4 applies to FIG. 5B. In
step 412 of FiG. 4, second element 170 is engaged with first element 180 by
bringing proximal portion 571y substantially adjacent to distal portion 585,
substantially aligning axes Gy, Cs, and G;, and inserling proximal portion 571s
into distal portion 5855 in a telescoping arrangement.

FIG. 5C is a perspective view of a fourth structure of a third and fourth
connecting means 569 and 574.. Generally discussion related to FlGs. 1-3
applies to FIG. 5C. A portion of distal portion 585¢ of first element 160 is shown
formed of a tubular member 568¢ having an intermnal bore 567 with a polygonal
inner wall 568 {not shown). A portion of proximal portion 571 of second
element 170 is shown formed of a tubular member 572¢ having a polygonal cuter
wall 573c. Internal bore 567 is of such inner width and tubular member 572¢ is
of such outer width that internal bore 567 receives tubular member 572¢ in a
telescoping arrangement and polygonal inner wall 568; meshes with polygonal
outer wall 573¢ at one of a plurality of extension angles and extension lengths.
Distal portion 565; includes third connecting means 569 which includes fubular
member 566, internal bore 567;, and polygonal inner wall 568.. Proximal
portion 571¢ includes fourth connecting means 574¢ which includes fubular
member 572¢ and polygonal outer wall 573.. First and second elements 160 and
170 are atfachable to each other by altaching third and fourth connecting means
569¢ and 574¢.

Generally discussion related to the method of FIG. 4 applies o FIG. 5C. In
step 412 of FIG. 4, second element 170 is engaged with first element 160 by
bringing proximal portion 571; substantially adjacent to distal portion 565 and
substantially aligning axes C+, Cq, and Ca.
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Note that other structures of the third and fourth connecting means may
be used including a bores and pins and hinged body configuration.

Alternative Structures of Portions of the First and Second Elements. In the
exemplary embodiment of FiGs. 1.3, at least portions of first and second
elements 180 and 170 extend perpendicular to each other. Alternatively, at least
distal portion 165 of first element 160, when attached to tool 100, may extend
substantially at an angle of 45°-135° to turning force axis Bs. First force-
fransmifting axis Gy would be of a similar angle to turning force axis B4. Further,
at least distal portion 175 of second element 170, when attached to first element
160, may extend substantially collinear to at least distal portion 165, In other
structures, at least distal portion 175 of second element 170, when attached to
first element 160, may exiend substantially at an angle of 457-135" t© at least
distal portion 185. Second force-transmitling axis Dy would have similar angle to
first force-transmitting axis Cu.

These and other altemnative structures of portions of first and second
aelements 180 and 170 envision the use of commercially available and custom
manufactured reaction fixtures with or in replacement of portions of first and/or
second elements 160 and 170. FIG. 6 is a display of such commercially
available reaction fixtures, including: splined, bore and nut, bore and detent,
polygonal, bore and pin, hinged and other connecting means. Examples of some
of these commercially available and custom manufactured reaction fixfures
include: a dual reaction fixture 602; a standard reaction arm 604, an exiended
collinear reaction arm 606, a tubular reaction fixture 608, an extended reaction
arm 810; a reaction pad 612, a cylinder reaction arm 614; a turbine coupling
reaction fixiure 616; a three position reaction roller 618; a cylinder reaction fool
620; and an exitended reaction roller 822. Other commercially available and
custom manufactured reaction fixtures exist and may be adapted {o use with
portions of first and second elements 160 and 170.
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Altemative Embotiments of the Reaction Adaplor. Generally discussion
refated to FlGs., 18 applies 16 FiGs. 7 and 8. FiG. 7 & 3 sude view of an
apparatus 7 for tightening or loosening fasteners which includes: a3 first and a
second recelving member 111 and 711, rotatably supported in apparatus 7, for
receiving a first and a second fastener 131 and 731, & first and a second device
for effecting rotation of the regpeciive receiving members {i.2., at least porlions of
a first and a second torque power fool 100 and 700} to tighten or loosen the
respective Tasteners; and a device for controlling & first and & second forque
cutput level 127 and 727 or other operation parameter of the respactive devices
for effecting rotation {i.e., at least portions of & torque cutput regulation system
759} to maintain a differance i the torque oulput levels within a predelermined

valuie,

Generally, reaction adaptor 750 includes a st and 3 second force-
ransmitling element 180 and 770 engageable with.and attachable o tools 100
and 700. Tool 100 producas a first tuming force 180 acting about a first tuening
force mxis By in one dirention 182 during operation. Second ol 700 produces a
sacond fuming force 790 acling about & second tuming force axis Bs in one
direction 182 during aperation. First element 180, when aftachad 1o first ool 100,
racaives a first reaction turing force 181 acling in ancther dirsclion 193 during
aperation. Second element 770, when attached {o second tool 700, receives a
second  reaction fuming forcg 791 acting i another divection 183 during
operation, First and second fuming forces 190 and 790 turn fasteners 131 and

First and second turming forces 190 and 780 may be substantially squal to
gach other, in opposite divections to first and second reaction turming forces 151
and 791, This tikely ocours whare bolt loads and friction values of fasteners 131
and 731 are similar. Reaction adaptor 180 receives reacion turning forces 131
and 781 in another direction 1893, thus substantially negating them. The twisting
and fastener-bending forces are limited and least destructive when reaction
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turning forces 181 and 791 are transferred perpendicular {o turning force axes B«
and Bs in plane 140 at ideal abulment pressure point Py. The usual side load;
fasiener bending, thread galling and bolt damage are reduced or negaled
Efficiency and productivity is increased.

As previously discussed, tool 100 includes a housing 101 having two
housing portions, a cylinder portion 102 and a driving portion 103, Cylinder-pistan
means 104 are arranged in cylinder portion 102 and include a cylinder 105, a
piston 106 reciprocatingly movable in cylinder 105 along piston axis Ay, and a
piston rod 107 connected with piston 108, Hydraulic fhuid, under pressure, is
delivered to tool 100 via a conduit 119 through a fluid supply line 149 from an
hydraulic pump 135. A known levertype raichet mechanism 108 is arranged in
driving portion 103, connected to and drivable by cylinder-piston means 104, and
includes a ratchet 109. Ratchet 109 is turnable about fuming force axis B.,
perpendicular to piston axis A« and A:. Raichef 108 is connected with a driving
element 110 which receives first turning force 180, First turning force 180 tumns
hex socket 111 attached to driving element 110 to turn fastener 131,

A reaction support portion 120 connected {0 driving portion 103 receives
first reaction furning force 191. Reaction support portion 120 is formed of annular
polygonal body 121 having the plurality of outer splines 123. Outer splines 123
are positioned circumferentially around annular body 121 and extend radially
outwardly from central axis B, which is coaxial with first turning force axis B..

Tool 700 includes a housing 701 having two housing portions, a cylinder
portion 702 and a driving portion 703. Cylinder-piston means 704 are arranged in
cylinder portion 702 and include a cylinder 705, a piston 706 reciprocatingly
movable in cylinder 705 along a piston axis A, and a piston rod 707 connected
with piston 706. Hydraulic fluid, under pressure, is delivered to tool 700 via a
conduit 719 through a fluid supply line 748 from hydraulic pump 135. A known
levertype ratchet mechanism 708 is arranged in driving portion 703, connected
to and drivable by cylinder-piston means 704, and includes a raichet 709.
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Ratchet 709 is turnable about second turning force axis Bg, perpendicular io
piston axes A« and A: and parallel {o first tuming force axis By, Ratchet 708 is
connected with a driving element 710 which receives second furning force 780
acting about turning force axis By, Second tuming force 780 turns hex sacket 711
attached {o driving element 710 to turn fastener 731,

A reaction support portion 720 connected {o driving portion 703 receives a
second reaction tumning force. Reaction support portion 720 is formed of an
annudar polygonal body 721 having a plurality of outer splines 723. Outer splines
723 are positioned circumferentially around annuiar body 721 and extend radially
outwardly from a central axis Bs which is coaxial with second turning force axis
Bs.

Reaction adaptor 750 includes first force-transmitting element 160, which
when engaged with tool 100 is rotatable about turning force axis B« Reaction
adaptor 150 also includes a second force-transmitling element 770, which when
engaged with first element 160 is either rotatable about, extensible and
retractable along, or rotatable about and extensible and retractable along at least
distal portion 165. Second force-transmitting element 770, when engaged with
tool 700, is rotatable about turning force axis Ba.

First element 160 includes proximal portion 161 formed of an annular
polygonal body 162 having plurality of inner splines 163, and a distal portion 185
formed of a tubular member 166 having an internal bore 167 with a plurality of
inner splines 168. Second element 770 includes a proximal portion 771 formed of
a tubular member 772 having a plurality of outer splines 773, and a distal portion
775 formed of an annular polygonal body 778 having a plurality of inner splines
777. As shown in FIG. 7, first element 180, when altached to tool 100, edends
substantially perpendicular to and has a force-transmitting axis Cq, which is
substantially perpendicular to tumning force axis B:. Second element 770, when
attached to tool 700, exiends substantially perpendicular fo and has force
transmitting axis C: substantially perpendicular to furning force axis B, First and

012-001/PCYT ~ Junkers, et al. 20



WO 2010/124150 PCT/US2010/032139

1

24

second elements 180 and 770, when aftached to each other, exiend substantially
collinear to force-transmitting axis C.

First element 180 is shown non-rotatably attached to reaction support
partion 120 in first position and held in place by locking mechanism 180. First
element 160 is engageable and atlachable separately, individually, and
independently to tool 100 and second element 770. inner splines 163 are
positioned circumierentially around the inside of annular body 162 and extend
radially inwardly toward central axis Bs. Annudar body 162 is of such inner width
and annular body 121 is of such outer width that inner splines 163 mesh with
outer splines 123. Annular body 121 and proximal portion 181 include first and
second connecting means 124 and 164. Reaction support portion 120 and first
element 160 are attachable to each other by attaching first and second
connecting means 121 and 164. Axes By, B., and Bs are coaxial when first
element 160 and reaction support portion 120 are aflached to each other and o
tool 160,

Second element 770 is shown non-rofatably attached to first element 160
in a second position and held in place by a locking mechanism 780. Second
glement 770 is engageable and attachable separately, individually and
independently to first element 160. Inner splines 168 are positioned
circumierentially around the inside of internal bore 167 and extend radially
inwardly toward a central axis C; Ouler splines 773 are posifioned
circumiferentially around tubular member 772 and extend radially outwardly from
a central axis C;. Internal bore 167 is of such inner width and tubular member
772 is of such outer width that inner splines 168 mesh with outer splines 773.
internal bore 167 receives tubular member 772 in a telescoping arrangement.
Distal portion 165 includes third connecting means 168 which comprises {ubular
member 168, internal bore 167, and inner splines 168. Proximal portion 771
includes fourth connecting means 774 which comprises tubular member 772 and
outer splines 773. First and second elements 160 and 770 are attachable to
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each other by attaching third and fourth connecting means 189 and 774 which
are held in place by locking mechanism 181, Axes By, By and Bs are
substantially coaxial and Cy, Gy, Gy and Dy are substantially coaxial when 100}
100 with reaction support portion 120, first element 160, second element 770 and
tool 700 with reaction support porion 720 are atiached {o each cther.

Second element 770 is also shown non-rotatably attached to reaction
support portion 720 in second position and held in place by locking mechanism
780. Second element 770 is engageable and attachable separately, individually
and independently {o tool 700, Inner splines 777 are posttioned circumferentially
around the inside of annular body 776 and extend radially inwardly toward central
axis Bs. Annuldar body 776 is of such inner width and annular body 721 is of such
outer width that inner splines 777 mesh with outer splines 723, Annular body 721
and distal portion 775 include fifth and sixth connecting means 724 and 779.
other by attaching fifth and sixth connecting means 724 and 779. Axes B, Bs,
and B; are coaxial when second element 770 and reaction support portion 720
are gttached to each other and to tool 700,

An operation parameter regulation system 759 is shown exterior to pump
735, howsever the whole of system 753 or parts thereof may be found within
pump 735. Operation paramster regulation system 759 regulates torque outputs
of tools 100 and 700. Torque output regulation system 759 includes a first and a
second switch 734 and 736 aftached to hydrautic pump 735 and pressurized fluid
supply lines 148 and 749. Swilches 734 and 736 are activated by a controf
system 737, which controls torque ocufput levels 127 and 727 of tools 100 and
700 to maintain a difference in the torque output fevels within a predetermined
torque difference value 758, Switches 734 and 736 may include: pushbutton,
rocker, toggle, rotary coded DIP, rotary DIP, key tock, slide, snhap action or reed
switches; or air, back flow preventer, ball, butterfly, check, control, diverter, drain,
shut-off, gas, gas-pressure, globe, hydraulic regulator, hydraulic, mixing, nesdie,
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pinch, plug, pressure regulator, pressure relief, servo, shut-off, slide, poppet or
solenoid valves. If an electric motor is used, switches 734 and 736 may include
any of the above electrical control switches.

Torque output regudation system 758 may inchude forque transducers such
as a first and a second ferromagnetic sensor 144 and 744, Ferromagnetic
sensors 144 and 744 include: couplings 145 and 745 for conneckion to control
system 737, stationary Hall effect or similar magnetic field sensing units 148 and
746; and ferromagnetic parts 148 and 748 coupled 1o tools 100 and 700. Note
that other components known in the art may be used.

Ferromagnetic sensors 144 and 744 measure torque oulput levels 127
and 727 of tools 100 and 700. A first and a second conduit 151 and 751 carmry a
first and a second torque datfa signal 152 and 752 including oulput torque levels
127 and 727 to control system 737. A conduit 757 carries input dafa 758 from an
input device 738 to control system 737. A conduit 728 carries an output data 729
to an output device 738. A conduit 755 carries power 756 from a power supply
733 to controf system 737. Power supply 733 may be any suitable source {e.g.,
battery, solar cell, fuel cell, electrical wall socket, generator, motor, efc.). inpwt
device 739 may be any suilable device (e.g., touch screen, keypad, mouse,
remote, efc.). An operator may input a predetermined torque difference value,
input data 758, into input device 738. Predetermined {orque difference value 758
is carried through conduit 757 to confrol system 737. Control system 737 may
transmit output data 729 through conduit 728 o oufput device 738. Quiput data
729 may include predetermined torgue difference value 758 and/or torque oulput
levels 127 and 727 from {cols 100 and 700. Oulput device 738 may be any
suitable device {e.g., screen, liquid crystal display, stc.). Conlrol system 737 may
send switch control signals 154 and 754 through conduits 153 and 753 to
switches 734 and 136.

Torque oulput regulation system 759 may monitor torque output levels
127 and 727 by any of the following operation parameters (ie., torque data
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signals 152 and 752} including: hydraulic or pneumatic fluid pressures or flow
rates, electrical circuil parameters such as current, voltage or magnetic fieild;
direct measurement of torque output; or a combination of such. These operation
parameters may be measured or sensed by various fypes of sirain gauges;
rotary encoders; torgque sensors; clutches; load cells; or position, flow, force or
pressure meters, sensors or vaives. Note that other components known in the art
may be used. For example, cluiches may be configured o slip respectively fo
maintain the difference in the torque oulput levels within the predetermined
torque difference value 758.

Apparatus 7 operates by activating pump 735 and control system 737 {o
regulate torque oulput levels 127 and 727, The difference in torque output levels
127 and 727 may exceed predetermined forque difference value 758, if so
control system 737 regulates torque output levels 127 and 727 of tools 100 and
700 by either: lowering the torque output level of the tool with the higher torque
output level, raising the torque output level of the {ool with the lower torque
output; or both raising and lowering the torque oulput levels of the tools until the
difference in the torque ocufput levels returns fo within the predetermined torque
difference value.

FIG. 8 is a three-dimensional view of portions of FIG. 7. Tools 100 and
700 are prepared to turn fasteners 131 and 731 threaded on lugs 132 and 732 o
connect plates of a flange. Reaction adaptor 750 is attached to tools 100 and 700
in a reaction force transfer position fo transfer reaction turning forces 191 and
791 to ideal abutment pressure point ;. Turning forces 180 and 780, acting in
the clockwise one direction 192, turn hex sockefs 111 and 711 on fasteners 131
and 731. And first and second elements 160 and 770 of reaction adaptor 750
receive reaction turning forces 181 and 791, acting in the counterclockwise
another direction 183, This prevents ratchets 108 and 709 from rofating inwardly
refative to fasteners 131 and 731, which are turned to a desired torque.
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A method of using the apparatus may include: an operator inputs
predetermined torque difference value 758 info input device 738; oulput device
738 displays predetermined torque difference value 758; the operator activales

tools 100 and 700; control system 737, using ferromagnetic sensors 144 and

744, measures torgue output values 127 and 727 and maintains a difference in
the torque ocuipul values 127 and 727 within predetermined torque difference
valug 758. if the difference in the forque output values 127 and 727 exceeds the
predetermined torque difference value 758, control system 737 either: lowers the
torque outpit level of the tool with the higher torque output level; raises the
torque output level of the fool with the lower forque output; or both raises and
lowers the forque ouiput levels of the fools until the difference in the torque
output levels returns to within predetermined forgue difference value 758.

The following discussion relates to alternative embodiments of apparatus
7. Note that for ease of discussion, the componenis are referenced in the
plurality but alternatively may be in the singular.

The receiving members commonty known in the art as ‘sockets’, recsive at
least a portion of the fasieners. The receiving members are shaped so that they
correspond to the shape of at least a portion of the fasteners. Once such a
portion is received, it and the receiving member are rotationally fast with sach
other. it will be apprecialed by those skilled in the art that there are many shapes
that a fastener may be, and an appropriately shaped receiving member must be
selected for use with a particular fastener. Thus the receiving members may be
removably connectable to the devices for effecting rofation to permil
inferchangeability of differently shaped receiving members.

The devices for controlling may include clulches which are configured {o
slip to maintain the difference in the torque outpul levels or other operation
parameters within the predetermined value. The devices for sensing operation
parameters may be in the form of angle or rotary encoders which send signals to
the devices for effecting rofation. In use, the respective devices for effecting
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rotation either maintain, slow, stop, or speed up o regulate the difference in the
torgue cuiput levels {0 within the predetermined value. Such a clutch mechanism
may selectively couple and uncouple the cylinder and driving or other related
partions of the respective toals. An actuator, aperated by pressure of a working
medium for pressing the clutch mechanism into engagement so that a torgue can
be transferred from the driving shaft to the driven shaft, would be needed. A
control unit for controfling the pressure of the working medium supplied to the
actuator clutch and for stopping the motor when the actuator clutch is
disengaged and a working medium source for supplying the working medium to
the actuator cluich would also be needed.

Note that other operstion parameters may be used {o regulate the
apparatus including: hydraulic or pneumatic fluid pressures or flow rates;
elecirical circuit parameters such as current, voltage or magnetic field; rotation
speeds of the devices for effecting rofation of the respective receiving members;
or a combination of such. If the difference in the operation paramelers exceed
the predetermined value the device for controlling regulales the operation
parameter of the respective devices for effecting rotation by either, lowering the
operation parameter of the device with the higher operation parameter; raising
the operation parameter of the device with the lower operation parameter; or both
raising and lowering the operation parameter of the respective devices until the
difference in the operation parameters retums 1o within the predetermined value.

Note that other regulation methods may be used, including turning the
tools on and off manually or at a fixed or variable frequency until the difference in
the operation parameters returns to within the predetermined value.

in another embodiment of the apparatus of the present inveniion motors,
current detecting means and rotation angle detection means may be used. The
current detecting means {e.g., an ammeter) senses current flowing to the motors
and the rotation angle detecting means {e.g. a rotary encoder) senses relative
rotation angles of the devices for effecling rotation. The device for controlling
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reguiates the devices for effecting rofation to maintain the difference between the
operation parameters within the predetermined value.

An operator may manage the apparatus of the present application by a
device for managing the tightening or loosening of the fasteners. The device for
managing may include a microcompider having a CPU, 2 ROM, a RAM and an
Q. The ROM of the microcompuder stores a confrol program to automatically
maintain the difference in the torque outputs or other operation parameters within
a predetermined value. The device for managing may further include a memory.
Note that an operator may sef and store in the memaory preset ranges of
hydraudic or pneumatic fluld pressures or flow rates, elecirical circult parameters
such as current, vollage or magnetic field, torque oulput, rotation speeds, a
combination of such; or other parameters disclosed or known in the arl.

The components of the device for managing and the apparatus in general
may be connected communicably fo each other. The memory of the
management system may store the determination result transmitted from the
communicating means. it should be appreciated that a plurality of management
tasks may be performed, including: the simultansous tightening or loosening of a
plurality of fasteners; the simultaneocus testing of a plurality of fasieners;
determining the normality of tightening or loosening of the fasteners; sforing of
data of tighiening, lcosening and tesling operations over a range of operation
periods; and determining the extent of wear of componenis of the fightening and
testing apparatus; etc.

Another embodiment of the apparatus may include a reaction adapior
and/or a reaction hub to tighten or loosen a plurality of fasieners.

Allernative Embodiments of the Placement and Quantity of the Reaction
Adaptor. Tool 100 may have a first and a second reaction adaptor. Generally
discussion related to FiGs. 1-8 applies {o this embodiment. The second reaction
adaptor, similar to first reaction adaptor 150, has a third force-fransmitting
element, when engaged with tool 100, being rotatable about a piston axis of the
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tool; and a fourth force-transmitling element, when engaged with the third
element, being either rotatable about, extensible and retractable along, and
rotatable about and exiensible and retractable along at least a distal portion of
the third element.

Alternative Types of Tools Which May Utilize the Reaction Adapiors.
Torgque power tools are known i the art and include those driven pneumatically,
alecinically, hydraulically, manually, by a torque multiplier, or otherwise powered,
FIG. 8 shows a first hand-held torgue power wrench 8004 and a second hand-
held forgue power wrench 800z attached by a reaction adaptor 8950, similar {0
that of reaction adaplor 750. First wrench 900. has a housing 901x which
accommodates a motor 802. driven pneumatically, electrically, hydraulically,
manually, by a torque multiplier, or otherwise powered. Motor 902, produces a
turning force 9980, acting about a turning force axis Bs in one direction 8924 which
wrns driving element 910, and provides rotation of a corresponding fastener.
First wrench 900, may be provided with torque intensifying means (not shown)
for increasing a torque output from motor 902, fo driving selement 810.. The
torque intensifying means may be formed as planstary gears which are located in
housing 901.. Generally discussion related to first wrench 900, applies to second
wrench 9005, Generally discussion related to reaction adaptor 750 applies fo
reaction adaptor 950.

Further Embodiments. FIG. 10 shows a three-dimensional perspective
view of tool 100 with a reaction adaptor 1050, an allernative embodiment of
reaction adaptors of the present application. Generally all previous discussion
applies to FIG. 10. Tool 100 fightens or foosens a fastener (not shown) during
operation. Reaction adaptor 1050 fransfers reaction force 191 to another fastener
{not shown). It has a first force-fransmitling element 1060 attachable to reaction
support portion 114; a second force-transmitiing element 1070 slidably
attachable to first element 1060, and second element 1070 has a receiving
member 1011 for receiving the other fastener.

012-001/PCYT ~ Junkers, et al. 28



WO 2010/124150 PCT/US2010/032139

1

24

First element 1060 includes a proximal portion 1061 formed of an annular
polygonal body 1062 having a plurality of inner splines 1063, and a distal portion
1065 formed of a polygonal body 1066 having a substantially T-shaped {rack
plate 1067. Second element 1070 includes a proximal portion 1071 formed of a
polygonal body 1072 having a substantially C-shaped frack plate 1073, and a
distal portion 1075 formed of a cylindrical body 1076, First element 1060, when
attached {o reaction support portion 114, exiends substantially collinear to and
has a first force-transmitting axis As substantially collinear to piston axis Ay
Second element 1070, when attached 1o first element 1060, extends substantially
perpendicular to and has a second force-fransmilting axis E: substantially
perpendicular to first force-transmitting axis As.

First element 1060 is shown rotatably engaged with reaction support
partion 114 in a first position. Note that reaction support portion 114 is away from
turning force axis By and reaction support portion 120, Fist element 1060 may
be non-rotatably attached to reaction support portion 114 in numerous positions
and held in place by a locking mechanism 1080 {not shown). Locking mechanism
1080 may include a bore and pin or other well known configuration like a spring
loaded reaction clamp, a caich lever assembly or a fixed fink pin with snap rings.
First element 1060 is engageable and altachable separately, individually, and
independently to tool 100. Inner splines 1063 are positioned circumferentially
around the inside of annular body 1082 and extend radially inwardly toward
central axis Ay, Annular body 1062 is of such inner width and annular body 115 1s
of such outer width that inner splines 1063 mesh with outer splines 116. Annular
body 115 and proximal portion 1061 are part of additional connecting means.
Reaction support portion 114 and first element 1060 are atfachable to sach other
by attaching the additional connecting means. Axes A, Az and A; are
substantially coaxial when first element 1060 and reaction support portion 114
are attached to each other and to tool 100.
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Note that reaction support portion 114 has a height such that rst element
1060, when engaged with tool 100, may be slid along reaction support portion
114, in this variation, annular body 1062 may also have a height such that first
element 1080 is extensible and retractable along reaction support portion 114.

Second element 1070 is shown slideably attached to first element 1060 in
a second position and held in place by a locking mechanism 1081 {not shown).
Locking mechanism 1081 may include a bore and pin or other well known
configuration tike a spring loaded reaction clamp, a catch lever assembly or a
fixed link pin with snap rings. Additionally a set screw may be used to hold first
element 1060 in place. Second element 1070 is engageable and altachable
separately, individually, and independently to first element 1060. T-shaped track
plate 1067 and C-shaped track plaie 1073 are both complementary and of such
dimensions that they mesh to form a slideable T&G connector. Note that other
connector shapes may be used.

The hex socket and reaction adaptor 1050 are shown disassembled from
tool 100. Tool 100 turns the fastener and reaction adaptor 1050 transfers
reaction force 191 to the other fastener at an abutment pressure point during
operation. Distal portion 1075 extends downward, substantially perpendicular {o
first element 1060 and receives the other fastener. Cylindrical body 1076 bears
against the abutment pressure point on the walls of the other fastener as tuming
force 190 turns the hex socket on the fastener. This prevents the ratchet from
rotating inwardly relative {fo the fastener. Thus the fastener is turned by the hex
socket {0 a desired torque.

Driver 110 may rotate different f{astener engagement means 111
depending on the fastener to be turned including: allen key, castellated or impact
socket driver; hex reducer, sguare drive adaptor, or any other reasonable
geometry or configuration. Similarly receiving member 1077 may be round,
square, hexagonal or any reasonable geometry or configuration, depending on
the fastener which absorbs reaction force 191. Recelving member 1077 may
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surround, engage or abut the ather fastener. Receiving member 1077 may
surround, engage or abut other structures to achieve an ideal abulment pressure
point. Further receiving member 1077 either may be an abutment portion,
polygonal or otherwise, a socket, an allen key or anocther type of fastener
engagement means. Both tool 100 and reaction adaptor 1050 may include a tool
pattern for mounting a handie for an operator.

Generally discussion related to the method of FIG. 4 applies to FIG. 10. In
step 412 of FIG. 4, second element 1070 is engaged with first element 1060 by
bringing proximal portion 1071 substantially adjacent fo distal portion 1085 and
substantially aligning T-shaped tfrack plate 1067 and C-shaped track plate 1073
to form a slideable T&C connector.

Tool 100 s prepared 1o turn the fastener about turning force axis B, with
turning force 190 in the one direction 192, In step 414 of FIG. 4, tool 100 is
positioned to receive the other fastener by sliding second element 1070 along
distal portion 1065 to an extension length which carresponds to the proximity of
the other fastener. In step 416 of FIG. 4, second element 1070 is attached {o first
element 10680 in the second position by activaling locking mechanism 1081,
Reaction adaptor 1050 is now in reaction force transfer posifion. in steps not
shown in FIG. 4, socket 111 is attached to the driving element, and tool 100 is
placed on the fastener to be turned.

Advantageously, first element 1060 is engageable and attachable
separately, individually and independently {0 tool 100 and second glement 1070
is engageable and attachable separately, individually and independently to first
glement 1060. Portahility of tool 100 is maximized while weight of tool 100 is
minimized. Commercially available reaction fixtures may be used with or in
replacement of portions of first and second elements 1080 and 1070, rather than
cusiom reaction fixtures, thereby reducing costs and increasing safety. Reaction
adaptor 1050 is adijustable fo minimize twisting and fastener-bending forces so
as to avoid tool 100 from jumping off of the job or from failing. Reaction adaptor
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1050, when engaged with ool 100, is adjustable to surround, engage or abut
against viable fasteners or slalionary objecis at the ideal abutment pressure
poirt. Reaction adapior 1050, when attached to {ool 100, transfers reaction force
191 to the ideal abutment pressure point during operation. Operators no fonger
need several tools at the workstation each having a reaction fixture oriented
differently to abut against viable stationary objecis for each application. Neor do
operators need o complelely disassemble ool 100, reposition reaction adapior
1050 and reassembie tool 100 for each application.

FIG. 11 shows a three-dimensional perspective view of 3 tool 1100 with a
reaction adaptor 1150, altermnative embodiments of {ools and reaction adaptors of
the present application. Tool 1100 may be a mited clearance hydraulic torque
multiplier and/or tension tool. Generally all previous discussion applies to FIG.
11.

Toal 1100, as configured, tightens or loosens a fastener (not shown), likely
an allen bolt, during operation. A driver 1110 may rotate different fastener
engagement means 1111 depending on a fastener to be tumned including: allen;
castellated or impact socket driver; hex reducer; square drive adaptor; or any
other reasonable geometry or configuration.

Reaction adaptor 1150, transfers reaction force 1191 {o another fastener
{not shown). it has a first force-transmitting element 1160 attachable o a reaction
support portion 1114; a second force-fransmifting slement 1170 slideably
attachable fo first element 1160; and second element 1170 has receiving
member 1177 for receiving the other fasiener.

First element 1160 includes a proximal portion 1161 formed of a polygonal
body 1162 having a recess or removed portion 1163, and a distal portion 1165
formed of a polygonal body 1166, A substantially T-shaped track plate 1167 runs
along first element 1160 encompassing most of proximal portion 1161 and alt of
distal portion 1166, Second element 1170 includes a proximal portion 1171
formed of a polygonal body 1172 having a substantially C-shaped track plate
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1173, and a distal portion 1175 formed of a polygonal or cylindrical body 1176
with a receiving member 1177, First element 1180, when attached to tool 1100,
extends the length of reaction support portion 1114, in this example, first element
1160 exiends from reaction support portion 1114 such that first slement 1160
extends substantially at an angle of 135" o reaction support portion 1114,
Receiving member 1177 is substantially coplanar with driver 1110, First element
1160 may substantially extend at an angle of 45° - 180° o reaction support
portion 114 and have a first force-transmitting axis substantially along itself.
Second element 1170, when attached to first element 1160, extends substantially
perpendicular to and has a second forcedransmitling axis substantially
perpendicular to the first force-transmitling axis.

First element 1160 is shown aftached to reaction support portion 1114 ina
first position. Note that reaction support portion 1114 is away from the tumning
force axis. First element 1180 may be attached o reaction support portion 1114
in numerous user chosen positions and held in place by a locking mechanism
1180 (not shown). Locking mechanism 1180 may include a bore and pin or other
well known configuration like a spring loaded reaction clamp, a caich lever
assembly or a fixed link pin with snap rings. Addifionally a set screw may be used
to hold first element 1180 in place. First element 1160 is engageable and
attachable separately, individually, and independently to tool 1100. Recess 1163
receives part of reaction support portion 1114, both of which are part of additional
connecting means. Reaction support portion 1114 and first element 1180 are
attachable to each other by attaching the additional connecting means. First
element 1160, when engaged with tool 1100, may be slid along reaction support
partion 1114 depending on the length of first element 1180 and the angle and
length of recess 1163,

Second element 1170 is shown slideably attached to first element 1160 in
a second position. Second element 1170 is engageable and attachable
separately, individually, and independently to first element 11680. T-shaped track
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plate 1167 and C-shaped track plate 1173 are both complementary and of such
dimensions that they mesh to form a slideable T&C connector. Note that other
connector shapes may be used.

Receiving member 1177 may be round, square, hexagonal or any
reasonable geometry or configuration, depending on the other fastener, the
fastener which absorbs reaction force 1191, Receiving member 1177 may
surround, engage or abut the other fasiener. Receiving member 1177 may
surround, engage or abut other structures to achieve an ideal abutment pressure
point. Further receiving member 1177 either may be an abutment portion,
polygonal or otherwise, a socket, an allen key or ancther type of fastener
engagement means. Both ool 1100 and reaction adaptor 1150 may include a
ool pattern for mounting a handle for a user.

Advantageously, first element 1180 is engageable and allachable
separately, individually and independently to tool 1100 and second element 1170
is engageable and attachable separately, individually and independently to first
element 1180. Portability of tool 1100 is maximized while weight of tool 1100 is
minimized. Commercially available reaction fixiures may be used with or in
replacement of portions of first and second elements 1160 and 1170, rather than
custom reaction fixtures, thereby reducing costs and increasing safety. Reaction
adaptor 1150 is adjustable {o minimize twisting and fastener-bending forces so
as to avoid tool 1100 from jumping off of the job or from failing. Reaction adaptor
1150, when engaged with tool 1100, is adjustable to surround, engage or abut
against viable fasteners or stationary objects at the ideal abutment pressure
point. Reaction adaptor 1150, when attached to ool 1100, transfers reaction
force 1191 to the ideal abuiment pressure point during operation. Operators no
onger need several tools at the workstation each having a reaction fixture
oriented differently to abut against viable stationary objects for each application.
Nor do operators need to completely disassemble tool 1100, reposition reaction
adaptor 1150 and reassemble tool 1100 for each application.
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Combinations and Variations of Al Embodiments and Modes.
Combinations and variations of all of embodiments and modes discussed in
rejation to FiGs, 1-11 may find useful applications. In one combination and
variation, for example, a tool similar to too!l 800, & attached to a tool similar {o
tool 100 by a first reaction adaptor similar to reaction adaptors 750 andior 950
and a second reaction adaptor similar {o reaction adaptor 850 is attached to tool
100 at reaction support portion 114. In another combination and variation, for
example, a first and a second tool similar to tool 800, and a third and a fourth tool
similar {o tool 100 are attached to a reaction hub by a first, a second, a third and
a fourth reaction adapior similar to reaction adaptors 750 and/or 950. Further, a
fifth and a sixth tool similar to tool 100 are attached to the third and fourth tools
by a fifth and a sixth reaction adaptor similar fo reaction adaptors at the reaction
support portions of tools. in such combinations and variations, a plurality of tool
types may be used with a plurality of reaction adaptor and hub types. In
additional combination and variations, multiple force-transmitling elements may
be utitized by reaction adaptors similar to reaction adaptors 150, 350, 750, 850,
1050, 1150 and the reaction hub and by tools similar 1o fools 100 and 800,
indeed, elaborate and complex tool, reaction adaptor and force-transmitting
glements, etc. combinations may be uifilized as the need arises. Note that
discussion related to FiGs. 7 and 8 are applicable to these combinations and
variations of all embodiments and modes.

Miscellaneous Information. Reaction adaplors, tools, and other force-
transmitting components of the present application may be made from any
suitable material such as aluminum, steel, or other metal, metaliic alloy, or other
alloy including non-metals. Tools of the present application may have: load bolt
sizes from % in. {0 8 in.; have drive sizes from 2" to 8 in; have hex sizes from ¥4
to 87 have torque cuiput ranges of 100 ftibs. to 40,000 ft.ibs; bolt lead ranges of
10,000 tbs. ~ 1,500,000 Ibs.; and have operating pressures from 1,500 psi to
10,000 psi. Tools of the present application may include Tension, Torque-
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Tension, and Torque machines, and may include those driven pneumatically,
alectrically, hydraulically, manually, by a torque multiplier, or otherwise poweretd,
Dimensions of reaction adaptors of the present application may range from 31n.
¥ P inx 25 in o 24 dno x 8 in0 % 24 o and weigh from 3 1bs to 500 lbs
Dimensions of {ools of the present application may range from B in. x 2 v § i,
0 23 i 8 12 o 14 in and weigh fram 3 bs. fo 500 ths. Note that reaction
adaplors and tools of the present application may substantially diverge, both
posiively and negatively, from these representalive ranges of dimensions and
charactenstics.

Note that reaction adapiors and apparatus of the present application may
be used with different types of fasteners including screws, studs, bolts, stud and
nut combinations, bolt and nui combinations. allen bolls, and any cther
geometries and configurations of fasteners known in the art. Further fasteners
may have engagement means which protrude from, are flush with or are
recassad from s end face, or are shaped as caps, discs, cups. ool engagement
means, fest, and other rolatable structures of varving dimensions and
geometries.

Final Comments, Reaction adaptors for torque power toals pnsumatically,
glectically, hydravlically and manually driven, tools having the adaptorg, and
mathods of using the same, are disclosed. In ong sxamgple, an apparatus for
tightening or loosening fasteners includes: a receiving member, ratatably
supported in the apparatus for tightening of loossning, for recetving the fastensn
a device for effecting rotation of the recelving member {o lighten or lnosen the
fastensr; and an gpparatus which transfers a reaction fore during tightening or
losening of the fasteners. The apparatus which fransfsrs & readtion foice
ingludes: a st frce-ransmitting slemant rolatably atlachabls sbowd & uming
forge axis of the device for effecting rotation: and a segcond forca-transmitting
slomer aither rotalably attachable aboul, adensthly and relractiably altachabis

along, o rofatably altschable sbout and swiensibly and retractably attachabis
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along at least 3 distal portion of the firsl slement.

fn a second example, an apparatus for lightening or lbosaning fasteners
includes: & receiving member, rotatably supported i the apparatus for tighlening
or loosening, for receiving the fastener; a device for effecting rotation of the
receiving member o lighten or loosen the fastener; and an apparatus which
wansfers & renction force during tightening or loosening of the fasiener. The
apparatus which fransfers the reaction foroe includes: a fiest force-transoutting
slement attachable {o a reaction support porion of the apparatus for fightening or
loosening; a sscond force-transmitting element slideably attachable to the first
element; and wherein the firsl and second slements. adjustable to abut agamnst a
stationary object, transfer & saachion force dunng oparation.

in a thud example, an apparatus for tightening or loosening fasteners
includes: a receiving member, rotatably supported in the apparatus for tightening
or loosening, for receiving the fastenar; a device for effecting rotation of the
recaiving member to tighten or lposan the fastener; and an apparatus which

transfers & reaction force dwring tightening of loosening of the fastener. The

apparatus which transfers the reacion fotce ncludes: a first force-transmitting
sioment atlachable B & resclion suppor pothion of the device Tor effecting
rotation; g sscond force-transmitting slemant attachable, fo 8t least 8 portion of
the firsl olement, sithar ialably aboul extenaibly and reliacially sloog
slideably onp rolatably abowd, and exiensibly and reiraciadly along; rotatably
ahoul, and shidesbly on) or exdansibly and retraciabiy along, ang slideably on.

In a fouwrth sxample, an apparatus for tightening or loossning fasteners
includes: a first and 3 second receiving member, rotatably suppettad in the
apparatus for fightening or loosening, for recaiving a first and a zecond fastener,
a first and & sscond device for effecting rofation of the respeclive receiving
members o tghien or loosen the respective fasleners; and a device for
controliing an operation parameter of sach device for sffecting rotation to
maintain a diference between the cperation paramsters within a predetermined
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value,

When used in this specification and claims, the terms "comprises”,
"ncludes” and variations thereof mean that the specified features, steps or
infegers are included. The ferms are not to be interpreted to exclude the
presence of other features, steps or components.

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 attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilized for realizing the invention in diverse
forms thereof.

it is to be undersiood that the above is merely a description of preferred
embodiments of the present application and that various changes, combinations,
alterations, and varations may be made without departing from the true spirit and
scope of the invention as set for in the appended claims. The reaction adaplors
for forque power tools, tools having the adaptors, and methods of using the same
of the present application are described in relation to fasteners and conneclors
as exampies. However, the reaction adaptors for torque power tools, tools having
the adapiors, and methods of using the same are viable for use in other
residential, commercial, and industnial applications, as well as other devices all
together. Few if any of the terms or phrases in the specification and claims have
been given any special meaning different from their plain language meaning, and
therefore the specification is not {o be used fo define terms in an unduly narrow

sense.

VWhat is claimed is:
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1. Ay apparatus for fightening or loosening fasteners including:

a receiving member, rolatably supported in the apparalus, for receiving
the fastener:

a device for effecting rotation of the recelving member io tighten or loosen
the fastener;

a first force-transmitling element rotataldly attachable about 3 wmning forge
axis of the device for effecting rotation;

& secom! force-transmitliing slement other rotatably attachable about,
axtensibly and retraciably atlachable a?cs;*sg;,, o rolatably atachable aboul and
axtensibly and relractably altachable along &l least g distel portion of the Hst
gtement; and

wherein the Bt and second slaments tansfer a reaction forge during

aparalion.

2. An apparatus which fransfers a reaction force during tightening or
loosening of fasteners including:

a first force-tranamitling slement rotetably altachable abowd 8 Wwning foce
axis of & device for effecting rotation of the fastener; and

a ssoond Torce-transmitting slement sither rotatably atlachable about,
exteraibly and retraciably atiachable along, or wislably atlachable abowt and
sxtenaibly and retractably altachable along at least a disial portion of the first
alement.

3. An apparatus according o olaim 1 o 2 wheran at least the distal portion
af the first slement, when atfached o the device for effecting rofation of the
fastener, extends substantially perpendicuiar to the wrning force axs, and =t
teast a dista! portion of the second slement, when attechad I the first slemen

axtgnds substantially at @n angle of betwsan 458% - 35" o &l least the distsl

partion of the first slement,
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4. An apparatus according o claim 10 F o 3 whereln the st element 18

tachable separately, ndividualiy and independently 1o the device for effedling

3
f.z

rotation of the fastener, and the second slement is aftachaeble separaiely,

mdividually and independantly 1o the first alement.

8. An apparalus sccording o daim 102, 3 or 4 wherein the device for
effecting rotation of the fastaner is one of pneumatically elecivinaliy, hydraulically

and manugl %v driven.

&. Anapparstus according o olaim 1, 20 3, 4 or § wherany the devics for
effecting rofation of the fastener iz a first device for effecting rotation having &
first turming force axis and the second slement is sttachable to o second device
for effecting rotation having & sacond tuming fores axis,

7. An apparatus for tightening or loosening fasteners ncluding:
a first and a second receiving member, rolatebly suppored in the

apparatus, Tor receiving a first and g second fastenar;

a first and a second device for effecting rotation of the respecstive receiving
mambers o tighien ot loosen the respechive fasiensry; and

a device for controfling an operation parameter of each device for effecting
ratation o maintain a diference between the operation parameters within . a
pradetermined value.

g

8 An apparatus according to claim 7 wherain the operation parameters
include either hydraulic or pneumatic fluid pressures or flow rates, electricsl
ciroult parameters such as current, voltage or magnetic field, torgue output

valites, wiation speeds, O & combination of such
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8 A apparatus according to claims 7 or 8 whersin the device for controlling

includes a device for sen 5?*‘@ the operation parameter.

10, An apparatus according to claims 7, 8 or 9 wherein during eperation i the
difference i the operation parameters exceeds the predetermined value the
device for controlling regulates the operation parameter of the respective devices
for effecting rotation by sither lowering the operation parameter of the device with
the higher operation parameter. raising the operation parameter of the devics
with the lower operation parameter of both raising and bowering the operation
parameter of the respective devices untit the difference in the operation

parameters retirns to within the pradetermined value.

11, An apparatus according o olaims 7. 8, 8 or 10 wherein the aperation
parameter is torque oulpul and wherein during operation it the difference in the
orgue oulpuls exceed the predetermined value the device for controlling
regulates the torque output of the respective devices for effecting rotation by
gither lwenng torgue sulput of the davice with the higher torgue outpul, raising
the torque oulput of the device with the tower torque ouwtpud or both raising and
lowsring the torgue outputs of the respactive devices until the difference i the
orque autpats returns to within the predetermined value,

120 An apparatus acoording to claims 7, 8,8, 10 or 11 whergin the devices for
effecting rotation simultanequsly tighten ar lopsen the fasisnars.

13, An apparatus according to glaime 7. 8, 5,10, 71 or 12 wherein the devices
for effecting rotation are connected, the connector including:

a first foroe-transmiiting alement milatebly attachable sbout 8 fuming foree
axis ths first device for effsciing rolation; and

2 sscond forcs-ansmiting slement either rolalsbly sttachable about,
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sxtansibly and refractably altschable slong, or rolatsbiy aliachable about ang

extenailily and retraciably altachabie along &1 least & distal portion of the first

X

ii;

slemeant

T4 An apparatus according Yo claims 7, 8, 810, 11, 12 or 13 wherein a first
and a second reaction tuming force of the first and the second devices for

effecting rofation are substantially hegated.

16 Anapparatus according to claims 7, 8, 8, 10, 11, 12, 13 o 14 including a
device for managing the tightening of loosening of the fasteners including a
device for communicaling between with the devices for effecting rotation and the
device for conbrolling.

16, An apparatus sccording to claims 7, 8, 8, 10, 11,92, 13, 14 or 15 wherein
the devices for effecting rofation are either prieumatically, slectrically,
hydraulicatly or manually driven.

17, Anapparatus for ightening or loosaning fasteners including:

a recelving mambet, rofatably supponted in the apparatus, for recelvng
the fastener;

a device for effecting rotation of the receiving member o tighten or loosan:
the fastener;

a first force-transmitting slemeant altachable to a reaction support portion
of the apparatus;

a second force-transmitiing element slideably attachsble 1o the st

glement; and
whargin the fral and second slements, adjusteble to abut against 2

stationary object, transfer & reaction foroe during oparation.
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18, An apparstus which tansfers 8 reachon ferce during lightening ar
loosening of fasteners inchuding:

a first force-transmitting element altachable to a reaction support portion
ol @ device for effecting rotation of the {astener;

a second forcestrarsmitling element slideably  attachable o the fst
afement and

wherein the apparaius is adjustable 1o abut against a stationary object.

19 An apparatus according to claims 17 or 18 wherein the second slement
has a receiving member for receiving the stationary object

20.  An apparatus according to claims 17, 18 or 18 wherain the stationary
obiect is another fastener.

21 A apparatus according to claims 17, 18, 18 or 20 wherein the first
slament s rolatably alfachable about a piston axis of the device for effecting
rotation.

22 An apparatus asccording to claims 17, 18, 19, 20 or 31 whersin the first
alement extends substantiatly colinear to & piston axis of the device for effecting
ratation and the second element extends substantially perpendicular to at least a
pation of the first elemeant,

23, An apparatus gecording to claims 17, 18, 18, 30, 21 or 22 whersin the first
elament i attachable to the device for effecting rofation separately, - individually
and independantly and the second element is alfgchable to the first elemant
separately, indhadually and independently.

240 An apparalus according to olaims 17, 18,18, 200 31, 22 or 23 whersin the

device for efiecting rotation is one of pneumatically, slectrically, hydrautically and
manually driven.
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2% An apparatus according to claims 17, 18, 19, 20, 21, 22, 23 or 24 wherein
the fastener 1s either 8 screw, stud, bolt, stud and nwt combination, bolt and nuwt
combingtion or allen holt.

26.  An apparatus according to claims 17, 18, 18, 20, 21, 22, 23, 24 or 25
wherein the reaction support portion 18 away from g turning force axs of the
device for effecting rotation.

27, An apparatus for fightening or lopsening fastensers including:
a receiving member, rolatably supporied in the gpparatus, for regeiving
the fastener;
a device for effecting rotation of the receiving member {o tighten or loosen
the fastener;
a fist force-transmitling slamant aftachable {o & reaction support porlion
of the device for effecting rotation;
a second foroe-fransmitting elerman atfachable, i ol least & potion of the
first adoment, sithar
iatably about,
extensibly and refractably along;
slicieably on;
rolatably abod, and extensibly and ratraciably along;
rolatably abma, and siideably on ar
sxtensibly and retractably slong, and slideably ore and
wherain the first and second slements fansfer g reaction {force during

operation.

2B. An apparatis which transfars a regclion force during lghtening or
loosening of fasteners inchuding:

0P CTY - Junkers, st al. G4
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a first Porce-fransmiting element attachalie to @ reaction support partion of 8
device for effecting rotation of the fastener;
a second force-fransantting slement attachable, o al least a portion of the

first elament, elthar

<<y,

& rodataliy aboul
axtansibiy and retraciably along:
slideably on;
rotatably about, and extensibly and relractably alang:
rofatably abouwt, and shdeably on, o
Q8 axtansibly and retractably slang, and slideably on.

I 2-004/PCT - Junkers, ef af. 48
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402
START

PROVIDE A TOOL L—404

ENGAGE A FIRST FORCE-TRANSMITTING ELEMENT 406
OF A REACTION ADAPTOR WITH THE TOOL

ROTATE THE FIRST ELEMENT ABOUT A TURNING FORCE 408
AXIS OF THE TOOL TO A FIRST POSITION

ATTACH THE FIRST ELEMENT TO THE TOOL 410
IN THE FIRST POSITION

ENGAGE A SECOND FORCE-TRANSMITTING ELEMENT 412
OF THE REACTION ADAPTOR WITH THE FIRST ELEMENT |

POSITION THE SECOND ELEMENT TO ABUT AGAINST 414
A STATIONARY OBJECT AT A SECOND POSITION [

ATTACH SECOND ELEMENT TO THE FIRST ELEMENT L—416

FIG. 4
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