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DESCRIPTION

FIELD OF INVENTION

[0001] The present disclosure generally relates to hydraulically assisted fastening and/or
tensioning devices, and methods of using the same.

BACKGROUND

[0002] A multi-jack bolt tensioner (MJT) may be used for tightening bolts, shafts, or studs in
the oil and gas, energy, transportation, and mining industries, for example. The MJT may be
used as a direct replacement for conventional nuts and bolts. FIG. 1 is a partially cutaway
version of a nut-style MJT 200. The MJT 200 comprises an annular body 202. The body 202 of
the MJT 200 is formed with a threaded central hole 205 to receive a bolt, shaft, or stud. A polar
array of threaded jack bolt holes 201, each disposed on a circle concentric with the central
hole, pass though the body 202. Corresponding jack bolts 204 traverse the jack bolt holes 201
and are threadedly received therein. The MJT 200 further includes a load bearing member in
the form of a hardened washer 206 against which points of the jack bolts 204 abut in use. The
hardened washer 206 bears against a workpiece being fastened.

[0003] As an alternative to the nut-style MJT of FIG. 1, bolt-style MJTs are also known. A bolt-
style MJT generally comprises a body having a threaded shaft that may be used for blind
tapped holes and counterbores. MJTs are commercially available from Superbolt, Carnegie PA.
Further discussions of MJTs may be found in U.S. Pat. Nos. 4,622,730, RE33,490,4,927,305,
5,075,950, 5,083,889 and 6,112,396.

[0004] FIGS. 2 to 6 illustrate the use of the MJT 200. With reference to FIG. 2, initially
hardened washer 206 is installed onto the stud 208. The body 202 is then threaded onto the
stud 208 until it seats against the hardened washer 206 to tension the joint. In FIG. 2 the jack
bolts 204 are withdrawn so that their points do not extend out of the body 202 of the MJT.
Referring now to FIG. 3, once the washer 206 has been located over the stud 208 and the
MJT 200 has been threaded onto the stud and into abutment with the washer 206 then four of
the jack bolts at 90 degrees apart (i.e. 12 o'clock, 6 o'clock, 9 o'clock and 3 o'clock as circled in
FIG. 3) are tightened with a partial torque of 30-70% and this process is then repeated for the
remaining four jack bolts. Applying partial torque evenly distributed to all of the jack bolts 204
serves to seat the hardened washer 206 against the contact surface 209 to be fastened, e.g. a
flange. With reference to FIG. 4, at 100% target torque the same four jack bolts are then
tightened. With reference to FIG. 5, at 100% target torque all of the jack bolts 204 are
tightened in a circular pattern. Referring now to FIG. 6, all of the jack bolts 204 are tightened
again with a torque wrench 212 for example until they stabilize (usually less than 10 degrees of
rotation of each jack bolt 204 is involved in this step). This step may need 2-4 additional
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passes around the jack bolts so that all of the jack bolts are incrementally tightened and at any
one time there is no great imbalance of tension between them.

[0005] When the jack bolts 204 are torqued, a tension preload develops evenly along the stud
208, and the axial forces by the jack bolts 204 and opposite reaction force of the stud 208
create a strong clamping force between the surfaces to be fastened together, such as opposed
flanges for example. Applying the correct preload is desirable because a pretensioned bolt,
shaft or stud may be capable of sustaining a greater load and may reduce the likelihood of the
bolt, shaft, or stud loosening unintentionally due to e.g., vibration and/ or temperature cycling.

[0006] However, it will be realized that properly applying a MJT, as has been explained with
reference to FIGS. 2 to 6, is a demanding and time consuming exercise. An experienced
operator may take around five minutes to apply an MJT in the manner that has been
discussed. It will be understood that where large plants are being installed there may be
hundreds or thousands of MJTs to be fitted. In that case a saving of time for the installation of
each MJT results in a very considerable saving of worker hours for the overall project at hand.
Furthermore, ensuring that the jack bolts are tightened so that they uniformly and evenly apply
force to the hardened washer is a somewhat demanding operation that requires applying
torque to the jack bolts in a predetermined sequence. Where the sequence is not followed
correctly one of the consequences is that there may be an imbalance in the tensioning of the
jack bolts which potentially could lead to a catastrophic failure.

[0007] One MJT utilized in the prior art is described in United States patent application No.
2003/0185642 (US2003/0185642). US2003/0185642 describes a load transmission device
which transmit a load input to a load-receiving member through a pressure transmitting
medium. The pressure transmitting medium is in the form of balls. A similar tensioning tool can
also be seen in document DE 10 2014 219643 A1. According to said document, a tensioner is
disclosed consisting of a separate, removable clamping device containing a pressure chamber
that is attached to the body portion of the tensioner via matching threads, in order to apply a
tensioning force to an elongated fastening member.

[0008] It would be advantageous if an apparatus were provided that allowed for the proper and
faster placement of jack bolts of an MJT type fastener to thereby address the previously
described problems.

SUMMARY

[0009] According to a first aspect of the present invention there is provided a multi jack
tensioner including: a body portion formed to engage an elongate fastening member or
integrally formed therewith;

a load bearing member for applying force to a workpiece to be fastened and arranged for
location about said fastening member adjacent the body portion;
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a pressure chamber formed between the load bearing member and the body portion arranged
to displace the body portion from the load bearing member in response to hydraulic pressure;
and

a plurality of jack bolts extending between the body portion and the load bearing member
adapted to displace the body portion from the load bearing member;

wherein application of hydraulic pressure to the hydraulic chamber displaces the body portion
from the load bearing member for tensioning' said fastening member and whereby subsequent
tensioning of the fastening member is applied by operation of the jack bolts wherein the body
portion and load bearing member are shaped to cooperate and define the pressure chamber
therebetween, and wherein the plurality of jack bolts extend through the body portion to abut
the loading bearing member.

[0010] Preferably the body portion is formed with an axial recess to threadedly engage the
elongate fastening member wherein the elongate fastening member comprises a bolt or stud.

[0011] In some embodiments the body portion is integrally formed with the elongate fastening
member.

[0012] In some embodiments of the invention the load bearing member is formed as a piston
arranged to cooperate with the body.

[0013] Alternatively the load bearing member may be formed as a load cell with which a piston
cooperates that forces the body in use.

[0014] Preferably the plurality of jack bolts comprises an annular array of jack bolts threadedly
received through holes formed spaced uniformly from a longitudinal central axis of the body at
spaced apart locations about an outer surface thereof.

[0015] In some embodiments of the invention a piston is slidingly received into the body, and a
pressure chamber between the body and piston to receive hydraulic fluid through a port and a
fluid passage, wherein when the pressure chamber receives hydraulic fluid, the body and
piston axially separate.

[0016] The invention encompasses embodiments wherein each of the plurality of jack bolts is
in threaded engagement with the body portion and projects from the body portion into
compressive engagement with the load bearing member.

[0017] The load bearing member may comprise the piston, a load cell, and a washer.

[0018] In one embodiment the load bearing member comprises a load cell.
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[0019] The loading bearing member comprises a washer in some embodiments of the
invention.

[0020] A locking collar may be provided for maintaining a distance between the load bearing
member and the body subsequent to removal of the hydraulic pressure.

[0021] In some embodiments at least one shim is provided for maintaining a distance between
the load bearing member and the body subsequent to removal of the hydraulic pressure.

[0022] A port for entry of the hydraulic pressure may be positioned on a side outer periphery of
the load cell along a plane perpendicular to the longitudinal central axis that does not intersect
any jack bolt.

[0023] The port may be positioned on a side outer periphery of the load cell along a plane
perpendicular to the longitudinal central axis that intersects two jack bolts.

[0024] There is also disclosed a method for compressing first and second workpieces together
comprising the steps of:

passing an elongate fastening member through the first and second workpieces wherein a first
end of the elongate fastening member is captured on an outer side of the first workpiece;

tensioning the elongate fastening member by applying hydraulic pressure between said
second end of said fastening member and an outer side of the second workpiece; and

further tensioning the elongate member with jack bolts;

whereby the tensioning of the elongate fastening member results in compressing the first and
second workpieces towards each other.

[0025] According to another aspect of the present invention there is provided a method of
closing a vessel having at least one stud, the method comprising:

threading a first hydraulic compression tool onto the at least one stud, wherein the hydraulic
compression tool comprises

a body having a threaded shaft, and a plurality of jack bolts spaced uniformly from a
longitudinal central axis at spaced apart locations about an outer periphery thereof,

a piston slidingly received into the body to define a pressure chamber therebetween to receive
hydraulic fluid through a port and a fluid passage, and

wherein the body and piston axially separate when the tool is mounted to the stud and the
pressure chamber receives hydraulic fluid;
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injecting hydraulic fluid into the chamber to tension the at least one stud; and

torqueing the plurality of jack bolts to close the vessel wherein the plurality of jack bolts extend
through the body portion to abut the loading bearing member.

[0026] The method may further comprise:
threading a second hydraulic compression tool onto another of the at least one stud, and

simultaneously injecting hydraulic fluid into the pressure chamber of each of the hydraulic
compression tools threaded onto the at least one shaft, wherein each of the pressure
chambers are in fluid communication with the other to tension the at least one stud to
substantially equal preloads.

[0027] The method may further comprise threading at least one multi-jack bolt tensioner to
another of the at least one stud adjacent to the hydraulic compression tool threaded onto the
at least one stud.

[0028] In a "nut-style” embodiment of the invention the body portion is formed with an axial
recess to threadedly engage the elongate fastening member wherein the elongate fastening
member comprises a bolt or stud.

[0029] In a "bolt-style” embodiment of the invention the body portion is integrally formed with
the elongate fastening member.

[0030] The load bearing member may be formed as a piston which cooperates with the body.

[0031] Alternatively the load bearing member may be formed as a load cell with which a piston
cooperates that forces the body in use.

[0032] In a preferred embodiment of the invention the plurality of jack bolts comprises a polar
array of jack bolts threadedly received through holes formed spaced uniformly from a
longitudinal central axis of the body at spaced apart locations about an outer surface thereof.

[0033] In one embodiment of the invention there is provided a piston slidingly received into the
body, and a pressure chamber between the body and piston to receive hydraulic fluid through
a port and a fluid passage, wherein when the pressure chamber receives hydraulic fluid, the
body and piston axially separate.

[0034] It is preferred that the step of tensioning by applying hydraulic pressure and the step of
further tensioning with jack bolts are performed at the same end of the elongate fastening
member however it is possible that the two steps could be performed at opposite ends of the
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elongate fastening member. In that case a fastening assembly is contemplated with a hydraulic
nut at one end and a MJT at another end.

[0035] There is also disclosed a method of using a hydraulic compression tool to tension a
joint, comprising: installing the tool on a work piece having the joint to be tensioned; injecting
hydraulic fluid into the chamber to axially separate the body and piston and pretension the
joint; and torqueing the jack bolts to tension the joint.

[0036] The hydraulic compression tool may comprise a body having a polar array of jack bolts
spaced uniformly from a longitudinal central axis at spaced apart locations about an outer
surface thereof, a piston slidingly received into the body, and a pressure chamber between the
body and piston to receive hydraulic fluid through a port and a fluid passage, wherein when the
pressure chamber receives hydraulic fluid, the body and piston axially separate.

DESCRIPTION OF FIGS.

[0037] The embodiments described herein may be better understood by reference to the
accompanying FIGS., in which:

FIG. 1 is a partially cutaway view of a prior art multi jack bolt tensioner (MJT) for tensioning an
elongate fastener such as a bolt, stud or the like.

FIGS. 2-6 are a sequence of drawings illustrating the use of the MJT for tensioning a stud or
bolt.

FIG. 7 is an isometric orthogonal view of a hydraulic MJT according to a preferred embodiment
of the present invention.

FIG. 8 is a top plan view of the hydraulic MJT of FIG. 7.
FIG. 9 is a cross sectional view through the line A-A indicated in FIG. 8.

FIGS. 10-15 illustrate the step by step use of the hydraulic MJT of FIG. 7 to fasten two
workpieces together.

FIGS. 15A-15F illustrate the step by step use of the hydraulic MJT of FIG. 7 to close a vessel
having a flanged opening.

FIGS. 16A and 16B illustrate a bolt-style hydraulic compression tool according to an
embodiment of the present invention.

FIGS. 17A-17C illustrate a nut-style hydraulic compression tool with locking ring, according to
an embodiment of the present invention.

FIGS. 18A and 18B illustrate a bolt-style hydraulic compression tool similar to the tool of FIGS.
17A-17C.
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FIGS. 19A-19C illustrate a nut-style hydraulic compression tool with locking shims, according to
an embodiment of the present invention.

FIGS. 20A and 20B illustrate a bolt-style hydraulic compression tool similar to the tool of FIGS.
19A-19C.

FIGS. 21A-21C illustrate nut-style hydraulic compression tools with load cell, according to
embodiments of the present invention.

FIGS. 24A-26B illustrate bolt-style hydraulic compression tools similar to the tools of FIGS.
21A-21C.

FIGS. 27A-29B illustrate nut-style hydraulic compression tools with a further load cell according
to embodiments of the present invention.

FIGS. 30A-32B illustrate bolt-style hydraulic compression tools similar to the tools of FIGS.
27A-29C.

FIGS. 33A-33C illustrate a further nut-style hydraulic compression tool according to an
embodiment of the present invention.

FIGS. 34A-34B illustrate a bolt-style hydraulic compression tool similar to the tool of FIGS.
33A-33C.

DETAILED DESCRIPTION

[0038] Referring to FIG. 7, there is illustrated in isometric view a MJT 10 according to a first
embodiment of the present invention which will be referred to herein as a "hydraulic MJT". FIG.
8 is a plan view of the hydraulic MJT 10 whereas FIG. 9 is a | a plan view through the section
A-A as indicated in FIG. 8.

[0039] The hydraulic MJT 10 according to this embodiment of the invention is in the form of a
nut and generally comprises an annular body 20 with central axis "L" having a concentric
circular threaded hole 25 formed therethrough to receive a stud or bolt (not shown). The
annular body 20 is formed with a concentric polar array of threaded jack bolt holes
therethrough in similar fashions to holes 201 as illustrated in FIG. 1. Through each of the
threaded jack bolt holes there passes a corresponding one of a plurality of jack bolts
30a,...,30n (which may be generally referred to herein as simply "30" for brevity). The body 20
sits upon a piston 40 which in the present embodiment comprises a load bearing member in
that in use it applies force to a workpiece to be fastened, such as a pipe flange for example. In
some situations the piston may apply the force to the workpiece via an intermediate member
such as a washer. With reference to FIG. 9, the body 20 and the piston 40 are shaped so that
they cooperate to define an annular pressure chamber 50 therebetween. The pressure
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chamber 50 is in fluid communication via a fluid passage 65 with a hydraulic port 60. The port
60 may be positioned on the top outer periphery of the body 20 adjacent or proximate to at
least one of the jack bolts 30.

[0040] The operation of the hydraulic MJT 10 will now be described with reference to FIGS. 10
to 15. FIG. 10 is a cross sectional side view of a bolt 100 with a shank 103 penetrating first and
second workpieces in the form of first and second flanges 102,104 that are to be fastened
together. A bearing surface of the head 106 of the bolt abuts a washer 108 in this example.
The washer 108 in turn abuts the outside of the second flange 104. The point 110 of the bolt
and much of the thread length of the shank 102 extends out through the second flange 102 for
capture by the hydraulic MJT 10 as will be explained.

[0041] Referring now to FIG. 11, the hydraulic MJT 10 is installed onto bolt 106 by threading
the body 20 onto the bolt 100 until the load bearing member in the form of piston 40 seats
against the upper, outer, side of the first flange 102. Annular hydraulic seals 51a, 51b are
provided to seal the pressure chamber 50. Although not shown, such seals are also present in
the embodiments that are described with reference to FIGS. 16A onwards.

[0042] Returning to FIG.11, the jack bolts 30 are sufficiently withdrawn so that they do not abut
the upper side of the piston 40 and so at this time they exert no force against the piston. In this
position the piston 40 and the body 20 are brought close together so that the pressure
chamber 50, which is visible in FIG. 9 for example, is vastly reduced in volume.

[0043] Subsequently, as shown in FIG. 12 a hydraulic line 111 is applied to the hydraulic port
60 using a suitable hydraulic nipple and coupler. The hydraulic line 111 is coupled to a source
of hydraulic power. FIG. 13 illustrates how upon applying hydraulic pressure via the line 111
the hydraulic chamber 50 fills with hydraulic fluid thereby forcing the piston 40 apart from the
body 20 to a separation distance "D" thereby tensioning the bolt as indicated by arrows 112a,
112b. The underside of the load bearing member, which in the present example comprises
piston 40, bears down upon the outside, i.e. the topside as shown in FIG. 13, of the first flange
102.

[0044] The separation of the body 20 and the piston 40 results in the generation of an axial
load when the hydraulic MJT 10 is mounted to the bolt 100 and the pressure chamber 50
receives hydraulic fluid. The tensioning of the bolt 100 results in compression and/or tightening
of the work pieces, e.g. flanges 102 and 104 that are being joined. In the present example
illustrated in FIG. 13, this means that the first and second flanges 102 and 104 are tightly
compressed together as indicated by arrows 113a, 113b and 114a and 114b. This initial
hydraulic pressurization step closes the joint between flanges 102 and 104 quickly. Multiple
hydraulic MJTs like MJT 10 may be hydraulically operated simultaneously and from the same
source of hydraulic power thereby ensuring uniform, simultaneous joint closure.

[0045] Referring now to FIG. 14, whilst application of the hydraulic pressure continues, the jack
bolts 30a,...,30n are each rotated sufficiently to bring their points firmly against the load
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bearing member, which in the present embodiment comprises piston 40. It is not essential to
perform this step on the jack bolts 30 in any particular order because evenly distributed loading
between the body and the piston has already been achieved by virtue of the application of the
hydraulic pressure.

[0046] FIG. 15 illustrates a subsequent stage in which the hydraulic line 111 has been
removed. The jack bolts 30 are now torqued, for example with a torque wrench, as indicated
by arrow 113 thereby causing the distance between the piston 40 and the body 20 to increase
slightly further to D+AD as shown in FIG. 15 thereby applying a precise final preload to the bolt
100.

[0047] FIGS. 15A to 15F illustrate the use of a plurality of the hydraulic MJTs 10 to fasten a
cover 102 over an opening 120 of a vessel 117. FIGs. 15A, 15C and 14E comprise top plan
views whereas FIGs. 15B, 15D and 15F comprise corresponding top plan views. As may be
seen in FIGS. 15A and 15B, vessel 117 is formed with a flange 104 about opening 120. A
plurality of studs 109 are disposed in a polar array around the flange 104 and stand proud
therefrom. The cover 102 is formed with holes therethrough corresponding to the studs 109.
As shown in FIGS. 15C and 15D a cover 102, formed with peripheral holes corresponding to
studs 109 is placed over flange 104 so that the studs 109 extend through the holes as may be
seen in FIG 15C. Hydraulic MJTs 10, of the type previously illustrated in FIG 7 for example are
threaded onto each of the studs 109 until hand tight. Hydraulic lines are then attached to inlets
60 of the MJTs 10 in order to convey hydraulic pressure from hydraulic pressure source 119.
All or a number of the MJTs 10 may be hydraulically tensioned at once however it is preferable
that the MJTs being tensioned are angularly spaced from each other, for example at 120
degrees as shown in the example of FIG. 15F. Once hydraulically tensioned the jackbolts of
the MJTs 10 can then be manually torqued.

[0048] Referring now to FIGS. 16A, 16B, in a further embodiment of the invention a hydraulic
MJT 10" is provided in a bolt-style, rather than the nut-style of the previously discussed
embodiment 10. The hydraulic MJT 10’ illustrated in FIGS. 16A, 16B comprises a body 20 that
is integrally formed with a threaded shaft 27. A plurality of jack bolts 30 are threadedly received
through the body 20. Each of the plurality of jack bolts 30 is spaced uniformly from a
longitudinal central axis L at spaced apart locations about an outer periphery thereof. A load
bearing member in the form of piston 40 is located beneath the body and around the threaded
shaft 27. The body 20 and the piston 40 define a pressure chamber 50 therebetween to
receive hydraulic fluid from a port 60 via a fluid passage 65. In use the threaded shaft 27
extends through a first workpiece 102 and is captured by a threaded hole in a second
workpiece 104. In response to the application of hydraulic pressure via the port 60 to the
pressure chamber 50 the body 20 and piston 40 axially separate, i.e. they displace relative to
each other so that the load bearing member in the form of piston 40 bears down on the first
workpiece 102 to be joined, and so stretches the shaft and generates an axial load indicated
by arrows 112a, 112b, when the shaft 27 is threaded into the hole of the second work piece
104. The axial load acts to compress the work pieces being joined as indicated by arrows
114a, 114b and 113a, 113b. The port 60 may be positioned on the top outer periphery of the
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body 20 adjacent or proximate to at least one of the jack bolts 30.

[0049] Reference will now be made to FIGS. 17A, 17B and 17C which depict a further nut-style
hydraulic MJT fastener 10A and FIGS. 18A, 18B which illustrate a corresponding bolt-style
embodiment of a hydraulic MJT fastener 10A". In these embodiments the hydraulic MJTs 10A,
10A" may comprise an upper locking collar 70. A gap 75 is created between the body 20 and
locking collar 70 when the pressure chamber 50 receives hydraulic fluid to generate the pre-
load. The body 20 has an outside thread to threadingly engage the locking collar 70. Upon
application of hydraulic pressure the piston 40, which in this embodiment comprises the load
bearing member against the workpiece to be joined, and the body 20 move apart. The, locking
collar 70 is then tightened and the hydraulic pressure may be released to transfer the pre-load
to the locking collar 70. The jack bolts 30 are then tightened to further tension the elongate
fastener, e.g. shaft 27 or a bolt or stud threadedly received into the axial recess, i.e. central
hole 25. Accordingly, the hydraulic pressure may be removed as soon as the locking collar has
been tightened and prior to tightening the jackbolts 30.

[0050] Referring to FIGS. 19A to 19C and 20A, 20B, in further embodiments, respectively nut-
style MJT 10B and bolt style MJT 10B' are provided wherein the hydraulic compression tool 10
includes at least one shim 80. A shim gap 75 is created between the body 20 and piston 40
when the pressure chamber 50 receives hydraulic fluid to generate the pre-load. As shown in
FIGS. 19A to 20B, four shims 80 may be used to completely fill the shim gap 75. The shims 80
are shaped to accommodate the jack bolts 30 extending through the body 20. The shims 80 in
this example are formed with C-shaped indents 85 having diameters related to the diameter of
the jack bolt 30 associated with the indent 85.

[0051] FIGS. 21A-21B, FIGS. 22A-22C and FIGS. 23A-23C illustrate further embodiments
10C, 10D and 10E of a nut-style hydraulic MJT. FIGS. 24A, 24B; 25A, 25B; 26A, 26B illustrate
corresponding bolt style MJTs 10C’, 10D" and 10E' respectively. In these embodiments a load
cell 90 may be incorporated as shown. The load cell comprises the load bearing member that
bears upon a workpiece to be fastened in use. The hydraulic MJTs 10C, 10D and 10E
comprise an annular body 20 having a annular recess 25 to receive a stud (not shown), and a
plurality of jack bolts 30 spaced uniformly from a longitudinal central axis L at spaced apart
locations about an outer periphery thereof. At least one piston 40 is slidingly received into the
load cell 90 to define a pressure chamber 50 therebetween to receive hydraulic fluid through a
port 60 and a fluid passage 65, wherein the body 20 and load cell 90 axially separate to
generate an axial load when the tool 10 is mounted to the stud and the pressure chamber 50
receives hydraulic fluid, and wherein the port 60 is positioned on the side outer periphery of the
load cell 90 along a plane perpendicular to the longitudinal central axis L that does not
intersect any jack bolt 30. The MJT 10D includes a locking ring 70 for holding the body 20 from
the load cell 90 subsequent to hydraulic pressure being removed and prior to torqueing of the
jackbolts 30 whereas the MJT 10E makes use of shims 80 for a similar purpose. The MJTs
10C', 10D and 10E' are bolt-style embodiments and so an elongate fastener in the form of
shaft 27 is integrally formed with the body 20. In operation the axial load compresses the work
pieces being joined. In the embodiments 10C to 10E' piston 40 engages a bottom face of the
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body 20 and in these embodiments the support surface is provided by the underside of the
load cell 90 which acts as the load bearing member against a workpiece to be fastened.

[0052] Nut style MJTs 10F, 10G and 10H according to further embodiments of the invention
are illustrated in FIGS. 27A-C; 28A-C and 29A-C respectively. In these embodiments of the
invention an annular piston 40 is located between body 20 and load cell 90. The piston 40
cooperates with the load cell 90 to define a hydraulic chamber 40. The points of jackbolts 30
are torqued onto the upper surface of the piston 40 in use.

[0053] A locking nut 90 is provided in the case of MJT 10G whereas shims 80 are provided in
the case of MJT 10H. In both cases the locking nut 90 and shims 10 are provided to maintain
the distance between the body 20 and the load cell 90 subsequent to removal of hydraulic
pressure and prior to torqueing of the jackbolts 30.

[0054] Bolt style MJTs 10F', 10G', and 10H', are illustrated in FIGs. 30A, 30B; 31A, 31B and
32A, 32B respectively which correspond to the nut style MJTs 10F, 10G and 10H.

[0055] FIGS. 33A-33C depict a further embodiment of a nut-style hydraulic compression tool
MJT 101 according to an embodiment of the present invention. MJT 101 has a two-part
annular body 20 with a first inner part 20a having an annular recess 25 to receive a stud (not
shown), and a plurality of jack bolts 30 spaced uniformly from a longitudinal central axis L at
spaced apart locations about its outer periphery. A second part 20B of the two-part annular
body 20 is threaded about the outside of the first part 20A. A load cell 90 locates beneath the
outer part 20B of the body 20. A washer 64 locates within the annular load cell 90 concentric
with the first part 20A of the annular body 20. The load cell 90 is comprised of at least one
piston 40 slidingly received into the load cell 90 to define a pressure chamber 50 therebetween
to receive hydraulic fluid through a port 60 and a fluid passage 65. Forcing hydraulic fluid into
chamber 50 causes the outer part of the body 20B and hence also the inner part 20A of the
body to axially separate from the load cell 90 when the tool MJT 101 is mounted to the stud.
Once the MJT 101 has been preloaded with hydraulic pressure the jackbolts 30 may be
torqued thereby forcing the washer 64 down onto a workpiece to be fastened. As shown in
FIGS. 33A-33C, the port 60 may be positioned on the side outer periphery of the load cell 90
along a plane perpendicular to the longitudinal central axis L that intersects two jack bolts 30.
The axial load may compress and/ or tighten the work pieces being joined.

[0056] FIGS. 34A, 34B depict a nut-style MJT 10J corresponding to the bolt style embodiment
101 that has been discussed.

[0057] All numerical quantities stated herein are approximate, unless indicated otherwise, and
are to be understood as being prefaced and modified in all instances by the term "about". The
numerical quantities disclosed herein are to be understood as not being strictly limited to the
exact numerical values recited. Instead, unless indicated otherwise, each numerical value
included in this disclosure is intended to mean both the recited value and a functionally
equivalent range surrounding that value.
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[0058] All numerical ranges recited herein include all sub-ranges subsumed therein. For
example, a range of "1 to 10" is intended to include all sub-ranges between (and including) the
recited minimum value of 1 and the recited maximum value of 10, that is, having a minimum
value equal to or greater than 1 and a maximum value equal to or less than 10.

[0059] As generally used herein, the articles "one", "a", "an", and "the" include "at least one" or
"one or more” of what is claimed or described, unless indicated otherwise. For example, "a
component” means one or more components, and thus, possibly, more than one component is
contemplated and may be employed or used in an implementation of the described
embodiments.

[0060] As generally used herein, the terms "include”, "includes", and "including" are meant to
be non-limiting.

[0061] As generally used herein, the terms "have", "has", and "having" are meant to be non-
limiting.

[0062] As generally used herein, the term "stud" means tension elongated members, such as
bolts, studs, and rods that may or may not comprise an integral head and/or threads. The
integral head and/or threads may be configured to apply compression forces across a joint to
produce a tension load in the stud. The threads may be configured for threaded connection
with the hydraulic compression tool.

[0063] A person skilled in the art may appreciate that the hydraulic compression tool and
components thereof may be made from any appropriate material and may have any size
required for a particular application using materials and stress calculations known in the art.
The body may comprise metal, such as steel, the pressure chamber may comprise a polymer,
and the washer may comprise brass or aluminum.

[0064] In one embodiment a hydraulic compression tool to compress work pieces being joined
may generally comprise a body having a polar array of jack bolts spaced uniformly from a
longitudinal central axis at spaced apart locations about an outer surface thereof, a piston
slidingly received into the body to define a pressure chamber therebetween to receive
hydraulic fluid through a port and a fluid passage, wherein the body and piston axially separate
when the pressure chamber receives hydraulic fluid. The body may comprise an annular
recess for receiving a stud. The annular recess may comprise threads formed on its inside
surface for threaded engagement with the stud. The annular recess may lack threads on its
inside surface for engagement with the stud by compression fit. The body may comprise a
threaded shaft to engage a hole, such as a threaded hole and a blind hole, in the work
piece(s).

[0065] The body may comprise drilled and tapped holes to threadedly engage each jack bolt.
The jack bolt may comprise a socket-head cap screw. A person having ordinary skill in the art
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may appreciate that the number of jack bolts may be selected according to the desired stress
that is to be imposed on the shank portion of the fastener. The jack bolts may be arranged in
only one annular array but two or more annular arrays may be used to accommodate the
desired number of jack bolts. For example, the tool may comprise twenty-four jack bolts with
twelve jack bolts spaced about each of the bolt centers in an alternating arrangement.

[0066] The jack bolt may extend through a tapped hole and project from the body into
engagement with a support surface. An end face of the jack bolt may extend into compressive
engagement with a support surface. The support surface may comprise the piston, a load cell,
or a washer. For example, the support surface may comprise a flange portion of the piston.
The washer may be constructed from material having a hardness predetermined according to
the forces required to support the tool. The washer may be made from sufficiently hard
material, such as metal or plastic, so that the washer may sustain the load imposed thereon by
the jack bolt without yielding under the imposed load. The washer may be made from a
sufficiently soft material so that the end face of the jack bolt is not upset under the applied load.

[0067] The jack bolts may be used to mechanically retain the axial load generated by the
hydraulic pressure. The jack bolts may be torqued until the end surface firmly contacts the
support surface. Each jack bolt may be rotated until the end face extends from the body to
contact the support surface. The jack bolts may be torqued in a patterned sequence such as,
for example, by torquing jacks bolts at opposite sides of the body and then advancing to an
adjacent jack bolt. A lubricant, such as graphite, may be applied to the threads of the jack bolt
to facilitate torquing thereof.

[0068] The hydraulic compression tool may comprise a sealing device (not shown), such as a
gasket, to substantially fluidly seal the pressure chamber so that hydraulic pressure may be
generated. The sealing device may seal any gap between the body and piston. The pressure
chamber may be defined by the body, the piston, fluid passage, and sealing device.

[0069] The tool may comprise one or more ports. The port may be located on a top surface of
the body or piston, such as adjacent or proximate to at least one of the jack bolts, or on a side
surface of the body or piston. The port may comprise a standard threaded connection port to
permit hydraulic fluid to be supplied to the pressure chamber at elevated pressure and vented
therefrom. The port may comprise a one-way valve that threadedly engages the body and/ or
fluid passage. The one-way valve may prevent or reduce backflow when the pressure source
is disconnected from the port.

[0070] The pressure source may comprise a high-pressure hand pump that is manually
operated.

[0071] The body may comprise an opening configured to allow the insertion of a threading
tool, such as a tommy bar (not shown), to assist the tensioning of the work piece(s). The
opening may be positioned on the top and/ or side outer periphery of the body.
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[0072] A locking collar or shim may be used to mechanically retain the axial load generated by
the hydraulic pressure. The locking collar may be torqued while under hydraulic pressure until
a face of the locking collar firmly contacts an opposing face of the body and/ or piston. The
shim may be inserted in the gap between opposing faces of the body and piston that is
generated by the hydraulic force. When the hydraulic pressure is released, the load is
transferred onto the shims or locking collar to retain the load.

[0073] The locking collar may comprise one of a lower collar type and an upper collar type.
The hydraulic compression tool may comprise a lower locking collar including a piston having
internal threads and external threads. The hydraulic compression tool may comprise an upper
locking collar including a piston having internal threads and external threads. The external
threads of the piston may engage mating threads of the locking collar. A gap between the body
and locking collar may be created when the pressure chamber receives hydraulic fluid to
generate the pre-load. The width of the gap may generally relate to the compression of the
joint, gasket, if fitted, and the elongation of the stud. The locking collar may be tightened and
the pressure may be released to transfer the pre-load to the locking collar.

[0074] The hydraulic compression tool may comprise an upper locking collar including a plain
bore load cell and a collar nut. The collar nut may comprise internal threads and external
threads. The external threads may engage mating threads of the locking collar. A gap between
the body and locking collar may be created when the pressure chamber receives hydraulic
fluid to generate the pre-load. The width of the gap may generally relate to the compression of
the joint, gasket, if fitted, and the elongation of the stud. The locking collar may be tightened
and the pressure may be released to transfer the pre-load to the locking collar. The port may
be positioned on the side of the piston because the load cell has a plain bore.

[0075] The hydraulic compression tool may comprise a shim, and the piston may comprise a
flanged piston. A shim gap may be created when the pressure chamber receives hydraulic fluid
to generate the pre-load. The width of the gap may generally relate to the compression of the
joint, gasket, if fitted, and the elongation of the stud. The width of the shim gap may be
measured and a shim having the desired width may be inserted into the shim gap. The shim
may comprise one or more shims such that the shims completely fill the shim gap. Each shim
may be configured to couple to at least a portion of the jack bolts.

[0076] A method of closing a vessel having a plurality of studs may generally comprise
threading a hydraulic nut or hydraulic compression tool onto at least one of the plurality of
studs of the vessel, and injecting hydraulic fluid into the chamber of the hydraulic nut and/or
hydraulic compression tool to tension at least one stud. For example, the method may
comprise threading a hydraulic compression tool onto three bolts of the vessel that are spaced
120 degrees apart, and injecting hydraulic fluid into the chamber of each of the or hydraulic
compression tools to tension each of the three bolts. MJTs may be positioned adjacent to each
of the hydraulic compression tools and tightened to the desired preload. Then, the plurality of
jack bolts on each of the hydraulic compression tools may be tightened to the desired preload,
and the hydraulic pressure may be released. Alternatively, the hydraulic pressure may be
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released and the hydraulic compression tools may be replaced by MJTs that are then
tightened to the desired preload. The method may also include applying hydraulic compression
tools to all of the studs and linking them with hoses to perofmr a single pass hydraulic closure.

[0077] The method may comprise threading a hydraulic compression tool onto each of the
bolts of the vessel, wherein each of the hydraulic compression tools are in fluid communication
with each other, and injecting hydraulic fluid into the chamber of each of the hydraulic
compression tools to tension each of the bolts substantially simultaneously to the same
preload. The load generated by the hydraulic compression tools may be evenly distributed
around the joint such that a compression gasket may flow into any surface irregularities of the
vessel to provide an improved seal relative to tightening the bolts individually. VWhen the
desired preload is achieved, the plurality of jack bolts on each of the hydraulic compression
tools may be tightened to the desired preload, and the hydraulic pressure may be released.

[0078] The method may comprise torqueing the hydraulic compression tool onto a bolt of the
vessel relatively low torque level prior to introducing hydraulic fluid to the port. For example,
the hydraulic compression tool may be threaded onto the bolt until the hydraulic compression
tool contacts the surface of the vessel. Then a hydraulic pumping unit may deliver hydraulic
fluid, such as high-pressure olil, into the pressure chamber of the hydraulic compression tool.
As the hydraulic pressure increases, the resulting axial force elongates the bolt, and thereby
may compress the joint. WWhen the desired preload is achieved, the pressure supply may be
stopped to release the hydraulic pressure.
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FORBEDRINGER AF MULTI JACK STRAMMERE

PATENTKRAV

1. En multi jack strammer (10, 10', 10A, 10A', 10B, 10RBR', 10C,
ioc', 10D, 10D', 10E, 10OE', 10F, 10F', 10G, 10G', 10H, 10H', 101,
10J) indeholdende:

en kropdel (20) formet til at tilkobles et aflangt
fastgorelseselement eller formet integreret dermed;

et lastbazrende element til at tilfgre kraft til et emne
(102) for at blive fastgjort og anbragt omkring navnte aflange
fastgeorelseselement stedende op til kropdelen (20);

et trykkammer (50) dannet mellem det lastbazrende element
og kropdelen (20) anbragt til at forskyde kropdelen (20) fra det
lastbarende element som svar pa hydraulisk trvk; og

flere jackbolte (30a-30n) strakkende sig mellem kropdelen
(20) og det lastbzrende element udformede til at forskyde
kropdelen (20) fra det lastbarende element;

hvori anvendelse af hydraulisk tryk til trykkamret (50)
forskyder kropdelen (20) fra det lastbazrende element for at
stramme naevnte aflange fastgorelseselement og derved efterfeolgende
stramning af det aflange fastggrelseselement er anvendt ved brug
af jackboltene (30a-30n),

hvori kropdelen (20) og lastbarende element er udformede
til at virke sammen og definere trykkamret (50) derimellem, og
hvori flere af jackboltene (30a-30n) strakker sig igennem
kropdelen (20) for at stede op til det lastbzrende element.

2. Multi jack strammeren (10, 10A, 10B, 10C, 10D, 10E, 10F, 106G,
10H, 10I) 1 henhold til patentkrav 1, hvori kropdelen (20) er
udformet med en aksial forsankning til at med gevind tilkobles det
aflange fastgeorelseselement hvori det aflange fastgeorelseselement
omfatter en bolt (100) eller stift.

3. Multi jack strammeren (10', 10A', 10B', 10C', 10D' 10E', 10F',
10G', 10H', 10J) i henhold til patentkrav 1 hvori kropdelen (20)
er udformet integreret med det aflange fastgerelseselement.

4, Multi jack strammeren (10, 10', 10A, 10A', 10B, 10B', 10C,
ioct', 10D, 10D', 10E, 10E', 10F, 10F', 10G, 10G', 10H, 10H', 101,
10J) i henhold til patentkrav 1, hvori det lastbarende element er
udformet som et stempel (40) anbragt for at arbejde sammen med
kropdelen (20).
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5. Multi jack strammeren (10A, 10A', 10B, 10B', 10C, 10C', 10D,
iop', 10, 10E', 10F, 10F', 10G, 10G', 10H, 10H', 10I, 10J) i
henhold til patentkrav 1, hvori det lastbarende element er
udformet som en belastningscelle (90) som sammen med stemplet (40)
virker sammen for at pavirke kropdelen (20) under brug.

6. Multi jack strammeren (10, 10', 10A, 10A', 10B, 10B', 10C,
ioct', 10D, 10D', 10E, 10E', 10F, 10F', 10G, 10G', 10H, 10H', 101,
10J) i henhold til patentkrav 1, hvori flere jack bolte (30a-30n)
omfatter en ringformet rakke af jack bolte som med gevind modtages
gennem huller anbragt ensartet vak fra en pa langsgaende central
akse af kropdelen (20) pa steder vak fra hinanden pa en ydre
overflade deraf.

7. Multi jack strammeren (10, 10', 10A, 10A', 10B, 10B', 10C,
ioc', 10D, 10D', 10E, 1OE', 10F, 10F', 10G, 10G', 10H, 10H', 101,
1oJ) i henhold til patentkrav 1, hvori stemplet (40) er glidende
modtaget 1 kropdelen (20), og et trykkammer (50) mellem kropdelen
(20) og stemplet (40) til at modtage hydraulisk vaske igennem en
abning og en vaske passage, hvori nar trykkamret (50) modtager
hydraulisk vaske, separeres aksialt kropdelen (20) og stemplet
(40) .

8. Multi jack strammeren (10, 10', 10A, 10A', 10B, 10B', 10C,
ioc', 10D, 10D', 10E, 10E', 10F, 10F', 10G, 10G', 10H, 10H', 10T,
10J) i henhold til patentkrav 1, hvori hver af jackboltene (30a-
30n) er i gevind tilkobling med kropdelen (20) og strakker sig fra
kropdelen (20) i komprimeret tilkobling med det lastbarende
element.

9. Multi jack strammeren (10I, 10J) i henhold til patentkrav 1,
hvori det lastbarende element omfatter et stempel (40), en
belastningscelle (290) og en underlagsskive (64).

10. Multi jack strammeren (10A, 10A', 10B, 10B', 10C, 10C', 10D,
io0p', 10, 10E', 10F, 10F', 10G, 10G', 10H, 10H', 101, 10J), 1
henhold til patentkrav 1, hvori det lastbazrende element omfatter
en belastningscelle (90).

11. Multi jack strammeren (10I, 10J) i henhold til patentkrav 1,
hvori det lastbarende element omfatter en underlagsskive (64).

12. Multi jack strammeren (10A, 10A') i henhold til patentkrav 1
omfattende en léasekrave (70) til opretholdelse af en afstand



10

15

20

25

30

35

DK/EP 3471920 T3

mellem det lastbarende element og kropdelen (20) efter fjernelsen
af det hydrauliske tryk.

13. Multi jack strammeren (10B, 10B') i henhold til patentkrav 1
omfattende mindst en afstandsskive (80) til opretholdelse af en
afstand mellem det lastbarende element og kropdelen (20) efter
fijernelsen af det hydrauliske tryk.

14. En metode til at lukke en beholder med mindst en stift,
metoden omfatter:

skrue et forste hydrauliske kompressions vaerktej pa
mindst en stift, hvori det hydrauliske kompressions
verktej omfatter

en krop (20) med en aksel med gevind, og flere
Jackbolte (30a-30n) med ensartet afstand fra en pa
langsgaende central akse pa steder vak fra hinanden pa en
ydre overflade deraf,

et stempel (40) glidende modtaget ind i kroppen
(20) for at definere et trykkammer (50) derimellem for at
modtage hydraulisk vaske igennem en abning og en vaske
passage, 0g

hvori kroppen (20) og stemplet (40) separeres
aksialt nar varktejet er monteret pa en stift og
trykkamret (50) modtager hydraulisk wvaske; indsprojte
hydraulisk vaske ind i trykkamret (50) for at spande
mindst den ene stift; og dreje flere af jackboltene (30a-
30n) for at lukke beholderen, hvori flere af jackboltene
(30a-30n) strakker sig igennem kropdelen (20) for at
stegde op til det lastbarende element.

15. Metoden i henhold til patentkrav 14 omfattende:

skrue et andet hydraulisk kompressions varkte]j pa en
anden af mindst den ene stift; og

samtidigt indsprejte hydraulisk vaske ind i trykkamret i
hver af de hydrauliske kompressions varktgjer skruet pa mindst den
ene aksel, hvori hver af trykkamrene er 1 vaske kommunikation med
den anden for at spande mindst den ene stift til hovedsagelig ens
forelgbig belastning.
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