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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to fasteners and specifically relates to load indicating
fasteners and tools for measuring the indicated load.

BACKGROUND TO THE INVENTION

[0002] In some applications it is important to know the load on a bolt, e.g. in applications such
as pressure boundary bolted joints including piping and pressure vessel gasketed, flanged,
bolted joints. "Bolt" as used herein takes in bolts with heads, and bolts without heads. Bolts
without heads are known as "stud bolts". Measuring and monitoring the load in individual bolts
is beneficial to the safe operation of the bolted joint and both contact and non-contact bolt load
measuring methods are known.

[0003] Figure 1 shows a contact type bolt load measuring arrangement 1 similar to that
disclosed in international patent publication number WO2010/140002, with nuts 2 and 3 able to
provide a clamping force therebetween by being tightened on stud bolt 4. Therefore the region
of the bolt within the first nut 2 is a first load receiving portion 5 and the region of the bolt within
the second nut 3 is a second load receiving portion 6. The nuts apply a tension load to the bolt
4 corresponding to the clamping force between the two nuts 2, 3, causing the bolt 4 to strain
(or more specifically to extend). "Strain” as used herein refers to a change in a dimension
expressed as a proportion of that dimension (e.g. OL/L where L is the magnitude of the
dimension and 0 represents a change of the magnitude of the dimension). Within the elastic
range of the material, strain is directly relatable to load via the elastic properties of the material.
The region of the bolt between the two portions 5 and 6 can be referred to as a strainable
portion 7. In WO2010/140002 a hole is bored axially in the bolt, the hole having a threaded
base into which a pin is screwed. This method of manufacture is used for simplicity, but adds a
joint that can move, negating the accuracy of any measurements then taken. In Figure 1 the
reference pin 10 in hole 11 is shown integral with the bolt 4. This can be formed by eroding an
annular gap to form the pin 10, or more easily, the hole 11 can be bored then the reference pin
10 welded at the root 12. The root 12 of the reference pin 10 is well into the strainable portion
7 of the bolt 4, since the axial length between the root 12 and the first load receiving portion 5
determines the magnitude of relative motion between the reference datum 15 on the outer end
of the reference pin 10 and the strain datum surface 16 on the end of the bolt 4 due to axial
load change on the strainable portion 7 of the bolt. Since the axial distance between the strain
datum and the reference datum varies in dependence on the tensile load on the bolt,
measuring the relative motion between the reference datum 15 and the strain datum 16
permits the load on the bolt to be calculated.
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[0004] A dial gauge or similar 18 is used to contact the reference datum 15 and the strain
datum 16 to detect the axial difference therebetween. However the dial gauge 18 can easily be
misaligned with the primary axis 17 of the reference pin 10, by for example the angular
misalignment shown in Figure 1. Such misalignment causes errors in the measurement of the
axial distance between the strain datum surface 16 and the reference datum 15 and when
measuring load by strain deflection, such errors can easily make the measurement results
worthless.

[0005] In WO2010/140002, as in US4676109, US3943819 and WO1999/009327, the
measurement tool can include a lower external skirt that provides a degree of concentricity
between the tip of the measurement tool and the reference datum by engaging around the
side of a feature protruding from the end of the bolt and forming the strain datum at its end. In
US4676109, these sides are also the flats of the bolt head with which a wrench would engage.
However, in each case, the axial length of engagement between the lower external skirt of the
measurement tool and the feature protruding from the end of the bolt is only provided for a
degree of concentricity and does not provide the angular alignment between the major axis of
the gauge and the major axis of the bolt. This is done in each case by the engagement of
features such as legs or a flat face on the measurement tool with either the strain datum on the
bolt or a surface parallel to the strain datum.

[0006] Figure 2 shows a contact type bolt load measuring arrangement 21 as disclosed in the
Applicant's international patent publication number WO0O2016/015092. This employs a number
of features to ensure that the measurement accurately reflects the load in the bolt. The root 12
of the reference pin 10 is integral with the bolt 4 to avoid possible motion therebetween in use
and both the root 12 and the reference datum 15 of the reference pin are within the strainable
portion 7 of the bolt as is the strain datum 16, which is now a shoulder 23 at the end of the
annular hole 11 and the base of bore 22. This helps to remove any errors due to the position of
the nut 2 relative to the bolt 4, which may vary as the load is adjusted by tightening the bolt and
allows the reference and strain datum surfaces to be machined to be substantially co-planar
when the bolt is at zero (or another known) load. Such variation in the position of the nut 2 in
an arrangement as shown in Figure 1 effectively varies the length of the bolt over which
measured strain is occurring since the strain datum in Figure 1 is not within the strainable
portion length.

[0007] Also in Figure 2 the use of a probe 24 on the measurement tool 25 that accurately
aligns with the bore 22 in the end of the bolt contributes to the accuracy of measurement. The
bore 22 can reduce concentricity type misalignment between the measurement tool and the
datum surfaces on the bolt. The use of a bore 22 of sufficient length and tight fit tolerance with
the probe 24 also ensures that the error in any measurement between the reference datum 15
and the strain datum 16 due to angular misalignment (for example of the type shown in Figure
1) can be minimised. This prior document by the applicant also provides the option of indexing
the rotational position of the measurement tool relative to the bolt to ensure that errors due to
inconsistencies in the datum surfaces are negated, example of such inconsistencies being
errors in the perpendicularity of the datum surfaces relative to the primary axis of the reference
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pin, bolt or measuring tool probe, or poor surface finish of the datum surfaces so that the
probe picks up on different high points on the surfaces depending on rotational orientation of
the tool relative to the bolt. While the arrangement shown in Figure 2 provides a very high
degree of accuracy and repeatability for the bolt load measurement, the machining of the bolts
is not trivial or cheap and the length of probe required to reach the datum surfaces inside the
strainable portion requires a significant minimum clearance between the end of the bolt and
any surrounding structures or components. Also the size of the probe is difficult to
accommodate in smaller bolts, limiting the minimum size of bolt to which the invention can be
applied.

[0008] It would therefore be desirable to provide a bolt and/or a tool for measuring the load in
the bolt that overcomes at least one disadvantage of the known arrangements.

SUMMARY OF THE INVENTION

[0009] According to a first aspect of the invention there is provided a fastener including: a first
load receiving portion and a second load receiving portion; a strainable portion between the
first and second load receiving portions; a measuring end including an alignment protrusion; a
cavity extending from the measuring end of the fastener, the cavity including a reference pin
root shoulder located within the stainable portion of the fastener; a reference pin having a root
end and a reference end, the root end of the reference pin being fixed to the reference pin root
shoulder in the cavity and the reference end of the reference pin including a reference datum;
and either a) a strain datum on an outer end of the alignment protrusion, or b) a strain datum
sleeve having a srainable portion datum shoulder contacting end and a strain datum end, the
strainable portion datum shoulder contacting end for contacting a strainable portion datum
shoulder included in a bore in the cavity and located within the strainable portion of the
fastener, the strain datum end including a strain datum, the fastener being characterised in
that the alignment protrusion has an engagement portion having an engagement width
perpendicular to an axial engagement length, the axial engagement length being at least 0.9
times the engagement width or at least equal to the square root of a cross-sectional area for
non-circular outer profiles, and the engagement width of the alignment protrusion has a
tolerance of no wider than 1SO 286-1:2010 c11.

[0010] Therefore the axial distance between the strain datum and the reference datum varies
in dependence on the load on the fastener, i.e. a tensile load to which the strainable portion is
subject.

[0011] It will be appreciated that the cavity extending from the measuring end of the fastener
can be from the strain datum, through the alignment protrusion and into the strainable portion.

[0012] Providing an external alignment surface, such as for example the circumferential
surface of a cylindrical alignment protrusion, and external reference datum and strain datum
surfaces, provides the benefits of being less expensive to machine than internal alignment,
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reference datum and strain datum surfaces, and being able to be machined on bolts of smaller
size. The use of a minimum length of alignment surface, i.e. a minimum length of engagement
portion of the external alignment protrusion, still maintains many of the accuracy benefits of an
internal alignment bore.

[0013] When the strain datum is on the outer end of the alignment protrusion, the alignment
protrusion may be integral with the measuring end of the fastener.

[0014] When the strain datum is on the outer end of the alignment protrusion, the bore in the
cavity may include the strainable portion datum shoulder located within the strainable portion of
the fastener, the fastener further including: a strain datum sleeve having a strainable portion
datum shoulder contacting end and a strain datum end, the strain datum end including the
alignment protrusion and the strain datum - e.g. the alignment protrusion is integral with the
sleeve, the opposite end of the sleeve being fixed to the remainder of the fastener.

[0015] It will be appreciated that the cavity extending from the measuring end of the fastener
can be through the alignment protrusion and into the strainable portion.

[0016] In either form of the fastener, the alignment protrusion may include an outer or
circumferential or peripheral engagement surface to engage a measuring tool. For example,
the protrusion can be cylindrical, in which case the engagement width would be a diameter of
the cylindrical protrusion.

[0017] The reference pin may include a first portion between the root end of the reference pin
and a boundary between the strainable portion and the load receiving portion towards the
measuring end of the fastener, the reference pin including a second portion between the first
portion and the reference end of the reference pin. When the fastener is not loaded, an axial
distance from the highest point of the reference datum to the highest point of the strain datum
may be less than 1/1000th of an axial length of the first portion of the reference pin, or
preferably less than 1/2000th or for increased accuracy preferably less than 1/4000th of the
axial length of the first portion of the reference pin.

[0018] Any form of the fastener of the present invention may have the alignment protrusion
configured to engage a measuring tool at at least two locations spaced apart by an axial
engagement length that is at least equal to the square root of a transverse cross-sectional
area enclosed by an outer profile at said at least two locations.

[0019] The axial engagement length of the alignment protrusion may be at least 1.5 times the
engagement width. The alignment protrusion may be configured to engage a measuring tool at
at least two locations spaced apart by the axial engagement length that is at least 1.5 times the
square root of a cross-sectional area enclosed by an outer profile at said at least two locations.
Alternatively the axial engagement length of the alignment protrusion may be at least 2 times
the engagement width. The alignment protrusion may be configured to engage a measuring
tool at at least two locations spaced apart by an axial engagement length that is at least 2



DK/EP 3458730 T3

times the square root of a transverse cross-sectional area enclosed by an outer profile at said
at least two locations.

[0020] The engagement width of the alignment protrusion may have a tighter tolerance of no
wider than I1SO 286-1:2010 free running fit tolerance d9, or no wider than 1SO 286-1:2010
close running fit tolerance f7 or no wider than ISO 286-1:2010 sliding fit tolerance g6 or no
wider than 1SO 286-1:2010 locational clearance fit tolerance h6. ISO used herein refers to the
commonly recognised International Organisation for Standardisation (ISO) and the associated
standards set by the 1SO.

[0021] The fastener may include a retaining portion for retaining a tool or protective cap on the
alignment protrusion.

[0022] One or more forms of the present invention may provide a system including any one of
the above fasteners and a measuring tool, the measuring tool including an alignment cavity for
receiving the alignment protrusion, the system being characterised in that a fit between the
alignment cavity and the alignment protrusion is at loosest a running fit. For example, the fit
may be at loosest substantially an American National Standards Institute (ANSI) RC6 running
fit, or preferably at loosest substantially a sliding fit or for increased measurement accuracy
and reliability the fit may be at loosest a close sliding fit.

[0023] The alignment cavity may be engaged around the alignment protrusion, preferably for
the engagement portion axial engagement length, the tool being configured to produce a
signal or read-out value, the fit between the alignment cavity and the alignment protrusion
ensuring that the tool is substantially aligned with the fastener to reduce or substantially
eliminate variations in the signal or read out value associated for example with rotating the tool
about an axis perpendicular to a primary axis of the fastener.

[0024] The fastener and the tool may include features co-operable to limit rotation of the tool
relative to the fastener. For example, the fastener and the tool may include features to ensure
a substantially consistent rotational location of the tool relative to the fastener, so that, when
the tool is configured to produce a signal or read-out value, variations in the signal or read out
value (associated for example with rotating the tool about a primary axis of the fastener) are
reduced or substantially eliminated.

[0025] A two point tolerance range on the engagement width of the alignment protrusion
engaging portion of the fastener and on a width of the alignment cavity of the tool may each
have an envelope requirement specifier to ensure angularity, linearity and concentricity
variations do not exceed an envelope defined by a two point tolerance range corresponding to
the fit between the alignment cavity and the alignment protrusion, the ISO 286-1:2010
tolerance of the alignment cavity being no wider than H9® and the ISO 286-1:2010 tolerance
of the alignment protrusion being no wider than c11®), where ® is an 1ISO 8015:2011 envelope
requirement.
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[0026] One or more forms of the present invention may provide a method of checking a load
on the fastener of the above system, the measuring tool may be configured to produce a signal
or read-out corresponding to said load, the method including engaging the tool onto the
fastener such that the alignment cavity is engaged over the alignment protrusion by an
engagement length, the method being characterised in that the fit and the engagement length
together ensure that the tool and the alignment protrusion are substantially aligned to reduce
or substantially eliminate variations in the signal or readout value associated with rotating the
tool.

[0027] One or more forms of the present invention may provide a tool for checking the load on
the fastener, the tool including: an alignment cavity to engage the alignment protrusion to align
the tool, and the alignment cavity having an engagement width and an engagement length;
and a strain datum contacting portion for contacting the strain datum and a reference datum
contacting portion for contacting the reference datum, the tool being characterised in that: the
alignment cavity has a bore tolerance of no wider than 1SO 286-1:2010 H9 to align the tool,
and the engagement length of the alignment cavity being at least 0.9 times the engagement
width or at least equal to the square root of a cross-sectional area of the alignment cavity for
non-circular outer profiles.

[0028] The alignment cavity may have a bore tolerance of no wider than ISO 286-1:2010
tolerance H8 or no wider than ISO 286-1:2010 tolerance H7 or no wider than ISO 286-1:2010
tolerance H6 to align the tool.

[0029] The tool may further include: a deformable portion and a strain gauge; the strain datum
contacting portion and the reference datum contacting portion respectively extending away
from the deformable portion and being moveable relative to each other to simultaneously
engage the respective strain datum or reference datum; the deformable portion being
arranged to be deformed by the relative movement; and the strain gauge being arranged to
provide an indication of the deformation. The deformable portion may be a diaphragm.

[0030] The engagement length of the alignment cavity may be at least 1.8 times the
engagement width or at least equal to two times the square root of a cross-sectional area of
the alignment cavity for non-circular outer profiles.

[0031] The tool may further include a retaining portion for retaining the tool on the fastener.
Alternatively or additionally, the tool may further include a bias for biasing, relative to the
retaining portion, one of the datum contacting portions.

[0032] It will be convenient to further describe the invention by reference to the accompanying
drawings which illustrate preferred aspects of the invention. Other embodiments of the
invention are possible and consequently particularity of the accompanying drawings is not to
be understood as superseding the generality of the preceding description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0033] In the drawings:
Figure 1 is a cross-sectional view of a prior art bolt and measuring tool.

Figure 2 is a cross-sectional view of a prior art bolt and measuring tool incorporating alignment
therebetween.

Figure 3 is a cross-sectional view of a bolt and measuring tool according to an embodiment of
the present invention.

Figure 4 is a cross-sectional view of the bolt of Figure 3.
Figure 5 is a cross-sectional view of the measuring tool of Figure 3.

Figure 6 is a cross-sectional view of a measuring tool according to an alternative embodiment
of the present invention,

Figure 7 is a cross-sectional view of the measuring tool of Figure 5 and an alternative bolt
according to embodiments of the present invention.

Figure 8 is a cross-sectional view of the bolt of Figure 7.

Figure 9 is a cross-sectional view of the measuring tool of Figure 5 and an alternative bolt
according to embodiments of the present invention,

Figure 10 is a cross-sectional view of the bolt of Figure 9.

Figure 11 is a cross-sectional view of a bolt and a measuring tool embodying forms of the
present invention.

Figure 12 is a cross-sectional view of a bolt according to a further embodiment of the present
invention.

Figure 13 is a cross-sectional view of the measuring tool of Figure 11,

DESCRIPTION OF PREFERRED EMBODIMENT

[0034] Figure 3 shows a bolt load measuring arrangement 31 including a bolt 4 with nuts 2 and
3 defining first and second load receiving portions 5 and 6 of the bolt, between which is the
strainable portion 7. The bolt load measuring arrangement 31 also includes a measuring tool
40 connected by signal wires 50 to a load monitoring system and/or force display device 51.
Figure 4 shows just the bolt from Figure 3 with the measuring tool omitted for clarity and Figure
5 shows the measuring tool from Figure 3 with the bolt omitted for clarity. In Figures 3 and 4,
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the reference pin 10 is fixed to or integral with the root of hole 11, the pin being formed for
example by spark erosion of the annular hole 11 or by drilling the hole 11 and welding the
reference pin 10 to the root 12 of the hole. Shoulder 23 of the bore 22 defines a strainable
portion datum shoulder located within the strainable portion 7 of the bolt 4. Strain datum sleeve
32 is fixed to the strainable portion datum shoulder 23, preferably by welding, and has a strain
datum surface 16 at the outer end. The strain datum sleeve 32 has a hole 33 to allow it to pass
around the reference pin 10 which in turn extends to the end of the strain datum sleeve. The
reference datum 15 is on the outer end of the reference pin 10 and the strain datum 16 is on
the outer end of the strain datum sleeve 32.

[0035] The outer end of the strain datum sleeve also includes an alignment protrusion 34, over
which the measuring tool 40 is engaged in Figure 3. A gap 35 is left between the end of the
main body of the bolt 4 and the alignment protrusion 34 to ensure that the alignment protrusion
never interferes with the main body of the bolt 4 under normal operation of the bolt (e.g. within
the strain or load rating of the bolt). The alignment protrusion is preferably cylindrical for
efficient and accurate machining of the width 38 (e.g. the outer diameter surface 36 for a
cylindrical alignment protrusion) of the protrusion 34, since the fit between the protrusion 34
and the tool 40 is essential to achieving the alignment accuracy for accurate datum relative
position measurements and therefore accurate load measurement. The length between the
ends of the engagement surface 36 is the maximum possible engagement length 37 between
the measuring tool 40 and the alignment protrusion 34, The engagement width is substantially
perpendicular to the primary axis 17 of the reference pin 10 or bolt 4 and the engagement
length is axial, i.e. substantially aligned with the primary axis 17 of the reference pin 10 or bolt
4. Essentially, the engagement contact is at points at either end of the engagement length 37
and the centre portion of the alignment protrusion can therefore be waisted or otherwise
absent. For the alignment of the measuring tool 40 to be sufficiently accurate, the engagement
length 37 needs to be at least 0.9 times the engagement width 38 (i.e. 0.9 times the width or
diameter of the alignment protrusion), which is approximately equivalent to saying that the
engagement length 37 needs to be at least equal to the square root of a cross-sectional area
bounded by the outer surface 36 of the alignment protrusion 34, Preferably the engagement
length 37 is at least 1.5 times the square root of a cross-sectional area bounded by the outer
surface 36 of the alignment protrusion 34 or 15 times the engagement width 38. For further
increases in accuracy, the engagement length 37 is preferably at least 2 times, 2.5 times or
even 3 times the square root of a cross-sectional area bounded by the outer surface 36 of the
alignment protrusion 34 (or 2, 2.5 or even 3 times the engagement width 38).

[0036] In order to limit variation in the measurement of the axial distance between the
reference and strain datums if the rotational position of the measuring tool is not fixed or
otherwise indexed to a common position, the axial run out of the reference datum and strain
datum surfaces is preferably a maximum magnitude determined in proportion to the functional
length (or a first portion) 39 of the reference pin 10, which is within the strainable portion of the
bolt, The reference pin provides a reference length for the unstrained length of the strainable
portion 7 of the bolt 4, more specifically for the length 39 of the strainable portion that lies
between the root 12 of the reference pin 10 and the strainable portion datum shoulder 23, e.g.
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the functional length 39 of the reference pin is the first portion of the reference pin which is the
same length as the distance between the root 12 of the reference pin and the strainable
portion datum shoulder 23 when the bolt is not under load. The remainder of the reference pin
is essentially just providing a rigid extension from the point on the reference pin that is coplanar
with the strainable portion datum shoulder 23 to the reference datum 15 on the outer end of
the reference pin 10, in much the same manner that the strain datum sleeve 32 provides a
rigid extension from the strainable portion datum shoulder to the strain datum surface 16 on
the outer end of the strain datum sleeve. Ideally the axial run-out of the reference datum 15
and the strain datum 16 surfaces individually is less than one hundredth (1/100th) of the
functional length 39 of the reference pin 10. This corresponds to nominally ten times the
desirable maximum axial distance between high points of both datum surfaces and is provided
to try to keep the datum surfaces within a desired perpendicularity tolerance limit relative to the
reference pin 10 to minimise variation in the measurement by the tool 40 of the relative datum
positions when the rotational position of the tool relative to the alignment protrusion is not
restricted. Alternatively a rotational location feature (not shown, but such as a key-way on one
part and the key on the other part) can be used to fix the rotational location of the measuring
tool relative the bolt or the alignment protrusion to ensure that measurements are between
consistent points on each datum surface.

[0037] Similarly if the reference datum and strain datum are substantially coplanar at a
specified load, usually at zero load so the datum surfaces can be ground or otherwise
machined to be substantially coplanar, then measuring the axial distance between the
reference datum and the strain datum will give their relative displacement which is directly
proportional to the load on the bolt between the nuts 2 and 3, To obtain usefully accurate load
indications in this case, the tolerance of the substantially coplanar datum surfaces needs to be
that the axial distance between the high point (which the measuring tool 40 will contact) on the
reference datum 15 and the high point on the strain datum 16 is less than one one-thousandth
(1 /1 000th) of the functional length 39 of the reference pin 10. Preferably, the maximum
tolerance on the axial distance between the high point on the reference datum 15 and the high
point on the strain datum 16 is less than one two-thousandth (1/2000th) of the functional length
39 of the reference pin 10, and for more accurate load measurements, preferably less than
one four-thousandth (1/4000th) of the functional length 39 of the reference pin 10.

[0038] To ensure that the angular misalignment between the measuring tool and the bolt is
within acceptable limits to prevent the errors illustrated in Figure 1, the total radial run-out
between the engagement surface 36 of the alignment protrusion 34 and the reference pin 10 is
ideally less than a predetermined function that includes the outer width or outer diameter 54 of
the strain datum contacting surface 51 of the strain datum contacting plate 44, which can be
seen in Figure 5. The predetermined function is preferably the product of the engagement
length 37 (e.g. L37) and the functional length 39 (e.g. L39) of the reference pin 10 divided by
the product of 500 and the outer diameter 54 (e.g. L54) of the strain datum contact surface of
the strain datum contacting plate 44, i.e.:

, - 137 X 139
axtnuem radicd run —~ oud L e
153 % 500
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[0039] To maintain the desired angular alignment between tool and bolt, it is preferable to
ensure that the fit between the engagement bore 42 of the alignment cavity in the main body
41 of the measuring tool 40 and the engagement surface 36 of the alignment protrusion 34 is
at loosest a running fit, such as an American National Standards Institute (ANSI) class RC6 fit,
which calls for an H9 tolerance on the engagement bore and an €8 tolerance on the alignment
protrusion engagement width. To provide increased accuracy and reliability of measurement
results, the engagement bore tolerance can be tightened for example from an International
Organisation for Standardisation (ISO) loose running fit to a free running fit, easy running fit,
sliding fit or even a close clearance fit, While these fits are generally specified as pairs of two-
point tolerances, i.e. they do not specify linearity (or conversely waviness) of the engagement
bore 42 of the alignment cavity 43 or the engagement width 38 of the alignment protrusion 34,
the use of an envelope requirement specifier on each tolerance can ensure that the fit between
the alignment protrusion and the measuring tool is sufficient linear. For example the tolerance
on the alignment cavity could be specified as HO®. which specifies the envelope requirement
according to ISO 8015 on a hole of ISO tolerance H9, i.e. the use of the envelope requirement
specifier or symbol ® requires the bore of the cavity to be within the H9 tolerance window
along its length, which adds a linearity requirement not specifically present in a hole with a
basic H9 tolerance only.

[0040] The measuring tool 40 is shown in more detail in Figure 5, where the sensing elements
can be seen more clearly. Also the alignment cavity 43 is clear to see with the alignment
protrusion of the bolt not present. The width or diameter of the alignment cavity 43 is formed
by the engagement bore 42. When the measuring tool is not on the bolt, the ball 45 does not
deflect the diaphragm 46, However, in use, the ball 45 contacts the reference datum on the
fastener or bolt and contacts and deflects the diaphragm, with maximum deflection of the
diaphragm when the bolt is at zero load. In use the strain datum contacting surface 53 on the
strain datum contacting plate 44 is loaded into contact with the strain datum on the bolt (16 in
Figures 3 and 4) by the coil spring 48. The strain datum contacting plate 44 is fixed to (in this
example screwed into) the carrier 47, holding the diaphragm 46 in place. The carrier 47 is
spring loaded by coil spring 48 to ensure that, in use, the contact between the strain datum
contacting plate 44 and the strain datum on the fastener or bolt is positive but not too forceful
which could otherwise distort the measurement. The fit of the carrier 47 within the main body
41 of the measuring tool 40 needs to be sufficiently tightly toleranced to limit misalignment
between the carrier 47 carrying the datum contacting elements 44 and 45, so a dose sliding fit
for example, Strain gauge 49 measures the strain of the diaphragm which relates to the
deflection of the diaphragm 46 and ball 45, the strain gauge being connected to a load
monitoring system and/or force display device (as shown in Figure 3) by signal wires 50.

[0041] The limited length of the carrier 47 in Figure 5 requires a tightly toleranced fit between
the carrier 47 and the main body 41 of the measuring tool 40. In order to allow a looser sliding
fit between the carrier 47 and the main body 41, it would be beneficial to increase the length of
the carrier. This would increase the length of the measuring tool of Figure 5. However, Figure 6
shows an alternative measuring tool 40 having the same strain datum contacting plate 44. In
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this measuring tool the carrier had been split into an alignment sleeve portion 55 and a spring
location portion 56. The engagement bore 42 of the alignment tool 40 is now formed by the
alignment sleeve portion of the carrier and has a primary axis 57. This arrangement reduces
tolerance stack up between the bolt datum surfaces and the tool measurement surfaces by
reducing the tolerances contributing to any misalignment between the primary axis 57 of the
engagement bore 42 of the measuring tool and the primary axis 17 of the reference pin 10 of
the bolt in Figures 3 and 4, and permits the length of the measuring tool 40 to be reduced. The
coil spring can be replaced with a shorter spring such as a wave spring, or the spring can be
relocated around the outside of the strain datum contacting plate to further reduce the length
of the measuring tool 40.

[0042] Figure 7 shows the same measuring tool 40 on an alternative configuration of fastener
or bolt 4. The contact type bolt load measuring arrangement 31 operates on the same
principles as that shown in Figure 3 apart from that the alignment protrusion 34 in Figure 7 is
now part of the main body of the bolt 4 and not part of the strain datum sleeve 32. So the strain
datum 16 is no longer part of the alignment protrusion, but it is still at the outer end of the
strain datum sleeve 32 and the strain datum contacting plate 44 of the measuring tool 40 does
not contact the alignment protrusion 34, but still contacts the strain datum 16 (at the strain
datum contacting surface 53 discussed in the description of Figure 5). The engagement width
38 and length 37 of the alignment protrusion 34 as shown in Figures 7 and 8 require the same
fits, tolerances and relationships as discussed for the alignment protrusion of Figures 3 and 4.
The axial gap 35 between the main body 41 of the measuring tool 40 and the bolt 4 is present
to ensure that the tool does not bottom out on the main body of the bolt 4, but on the outer end
of the alignment protrusion 34, so the spring loaded carrier 47 can apply the desired load of
the strain datum contacting plate 44 onto the strain datum, as discussed in relation to Figure 5.

[0043] in any of the arrangements in Figures 3 to 13 the bolt 4 and the measuring tool 40 can
include a retaining arrangement, so the correct axial position of the measuring tool on the bolt
can be determined by a measuring tool axial locating arrangement (not shown). This
measuring tool axial locating arrangement could include a spring clip on one part and a
channel on the other part to bias or retain the measuring tool 40 in a fixed axial location
relative the bolt 4. Alternatively a threaded section can be provided to allow the tool to be
screwed onto the bolt to ensure the tool is axially retained on the bolt. Alternatively the
measuring tool axial locating arrangement could include ball bearings that follow slots to
provide rotational location and one or more ball bearings can have a detent cup to provide an
axial bias once seated to retain the measuring tool on the bolt.

[0044] Figure 9 shows the same measuring tool 40 from Figure 5 on a further alternative
configuration of fastener or bolt 4. The contact type bolt load measuring arrangement 31
operates on the same principles as that shown in Figures 3 and 7. However in this case, the
alignment protrusion 34 is now part of the main body of the bolt 4 and includes the strain
datum surface 16 and there is no strain datum sleeve. Therefore the functional length 39 of the
reference pin 10 is now the axial distance from the root 12 of the reference pin 10 to the
boundary between the strainable portion 7 and the first load receiving portion 4. The remainder
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of the reference pin from the boundary between the strainable portion 7 and the first load
receiving portion 4 to the reference datum surface 15 acts to extend the reference pin from the
end of the functional length to an easily accessible external surface (the reference datum
surface 15). Similarly the functional length of the strainable portion that is effectively being
compared to the reference pin functional length is in the same axial region as the functional
length 39, from the root 12 of the hole 11 for the reference pin 10 to the boundary between the
strainable portion 7 and the first load receiving portion 4. Therefore although the axial position
of the nut 2 can vary on the stud bolt 4, which will vary the functional length 39 of the reference
pin 10 and the functional length of the strainable portion that is effectively being compared to
the reference pin functional length, both vary in the same sense simultaneously. So the error in
the strain calculated from the relative displacement of the reference datum 15 and strain
datum 16 while greater than the error in the configurations of Figures 3 and 7, can still be
acceptable in some applications and is still less and gives more repeatable measurements
than most prior fastener load measurement arrangements, other than that disclosed in the
applicant's prior international patent application publication.

[0045] The engagement width 38 and length 37 of the alignment protrusion 34 shown in
Figures 9 and 10 once again require the same fits, tolerances and relationships as discussed
for the alignment protrusion of Figures 3 and 4.

[0046] The bolt from Figure 9, shown in Figure 10 is simpler to manufacture than the bolts in
Figures 2, 3, 4, 6 and 7, not requiring a strain datum sleeve to be made or a bore formed in
the bolt to receive it. The hole 11 can be drilled and the reference pin 10 then welded or
otherwise fixed to the root 12 of the hole 11, or the annular hole 11 can be cut by spark erosion
for example for form the reference pin from the bolt material. For example, grinding the end of
the alignment protrusion allows a very accurate finish for the surface that will become the strain
and reference datums, then the reference pin 10 can be formed by spark eroding the annular
hole 11. This means that the reference and strain datums are machined together to minimise
the relative errors in axial run-out for example.

[0047] Figure 11 shows an alternative measuring tool 40 and a further alternative bolt 4 which
is a hex headed bolt rather than a stud bolt. So the first load receiving portion 5 of the bolt 4 is
now within the bolt head 61. The configuration of the reference pin 10, strain datum sleeve 32
and alignment protrusion 34 is the same as in Figures 7 and 8. In Figure 11 the thread 62 on
the bolt continues through most of the strainable portion 7 and around the functional length or
first portion of the reference pin 10. However this is not necessary as the nut 3 is not intended
to screwed through most of the strainable portion 7. So the bolt can have a longer unthreaded
shank 63 as shown in Figure 12,

[0048] The bolt 4 and measuring tool 40 in Figure 11 also includes a retaining arrangement 70
for providing axial and/or rotational location of the measuring tool 40 relative to the alignment
protrusion 34 on the bolt. The retaining arrangement shown is of the detent ball type, the ball
73 being in a radial hole 74 in the measuring tool 40 and being resiliently biased inwards by a
spring clip in a groove 75 As the measuring tool 40 is inserted over the alignment protrusion 34
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the detent ball 73 enters groove or channel 71 formed in the alignment protrusion and this
provides an axial location function. The groove or channel 71 effectively forms the retaining
portion of a measuring tool axial locating arrangement. Then the measuring tool can be rotated
until the ball engages with the detent cup 72 in the alignment protrusion, providing rotational
and axial location. The protective cap 64 in Figure 12 also includes the sprung detent ball 73 to
engage with the groove or channel 71 to provide axial location of the cap.

[0049] The bolt in Figure 12 is again a hex-headed bolt although any form of head that can be
gripped could be used, such as a square head. The configuration of the reference pin 10 and
alignment protrusion 34 without the inclusion of a strain datum sleeve is the same as in Figures
9 and 10. The protective cap 64 shown covering the alignment protrusion is preferably
provided to help protect the engagement surface 36, reference datum 15 and strain datum 16
from corrosion or other damage and to prevent ingress of debris into the annular hole 1 1,

[0050] The measuring tool 41 of Figure 11 is shown in more detail in Figure 13 and is similar to
that of Figure 5, but with the ball 45 (that is provided to contact the reference datum on the bolt
and the diaphragm 46) being replaced by a pin 66. Similarly the strain datum contacting plate
44 has an axially extending tubular portion or sleeve 67 around the pin 66. The alignment
cavity 43, forming the engagement bore 42, is provided to ensure the alignment of the tool 40
is within the desired tolerances as discussed above. The remainder of the components such as
the diaphragm 46, carrier 47, spring 48 and strain gauge 49 operate in the same manner as
discussed above. As in Figure 5, when the measuring tool 40 is not engaged with a bolt, the
spring 48 urges the carrier 47 to axially contact the main body 41 of the tool. The pin 66 does
not deflect the diaphragm, or at least not as much as when the measuring tool is in use. Any
misalignment of the sleeve 67 and pin 66 to the engagement bore 42 adds to any
misalignment between the outer surface 36 of the alignment protrusion 34, the engagement
bore 42 of the measuring tool 40 and the primary axis of the reference pin (17 in Figures 11
and 12). Therefore the fit of the sleeve 67 within the main body 41 of the measuring tool and
the length over which the sleeve 67 engages with the main body 41 affect the overall tolerance
band between the reference and strain datum surfaces 15 and 16 and the measuring tool
surfaces that contact those datums, e.g. the surface of ball 45 and the strain datum contacting
surface on plate 44.

[0051] The strain datum sleeve of Figures 3, 4, 7, 8 and 11 effectively extends the strain
datum surface of Figure 2 from inside the strainable portion to the outer end of the bolt, which
while not being as accurate as the prior art arrangement in Figure 2 is still preferable to the
inclusion of the first load receiving portion 5 of the bolt 4 between the strainable portion and the
strain datum 16 as in Figure 1 and Figures 9, 10 and 12 for achieving accurate load
measurements. However the alignment protrusion feature in Figures 9 to 12 still make them
preferable to Figure 1 for achieving reliable load measurements. The alignment protrusion
feature in Figures 3, 4 and 7 to 12 provide both radial and angular alignment between the
measuring tool 40 and the reference datum surface 15 and strain datum surface 16 on the
bolt. The radial alignment helps to ensure concentricity of measuring surface and tool. The
angular alignment helps to ensure that the measuring tool is perpendicular to the measuring
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surfaces. The angular alignment, coupled with tight run-out tolerancing of the measuring and
datum surfaces greatly improves the repeatability of measurement. This in turn improves the
repeatability of the measurement results, i.e. the accuracy of the bolt load measurements. The
tight run-out tolerancing, helping to ensure that the reference datum surface 15 and the strain
datum surface 16 are substantially coplanar when the bolt is not loaded can also eliminate the
need for initial length measurement of each bolt, keeping records of the initial length
measurements for all bolts and referencing the initial length measurement for a specific bolt
when taking a strain measurement and calculating the load on the bolt,
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Patentkrav

1.

Et fastgorelseselement (4), der omfatter:

en forste belastningsmodtagende del (5) og en anden belastningsmodtagende del (6);
en fleksibel del (7) mellem den forste og anden belastningsmodtagende del;

en maleende, der omfatter et justeringsfremspring (34);

et hulrum (11), der strekker sig fra maleenden af fastgerelseselementet, hvor
hulrummet omfatter en referencestiftrodskulder (12), der er placeret inden i den
fleksible del (7) af fastgerelseselementet;

en referencestift (10), der har en rodende og en referenceende af den referencestift, der
er fastgjort pa referencestiftrodskulderen (12) i hulrummet (11) og referenceenden af
referencestiften (10), inklusive et referencefikspunkt (15); og enten

a) et belastningsfikspunkt (16) pa en udvendig ende af justeringsfremspringet (34),
eller

b) et belastningsfikspunkthylster (32), der har en ende, der bererer den fleksible dels
fikspunktsskulder, og en belastningsfikspunktende, enden, der bererer den fleksible
dels fikspunktsskulder, til at berere en fikspunktsskulder pa en fleksibel del (23), der
er inkluderet 1 en boring (22) i hulrummet (11) og er placeret inden 1 den fleksible
del (7) pa fastgerelseselementet (4), hvor belastningsfikspunktenden omfatter et
belastningsfikspunkt (16),

fastgorelseselementet kendetegnet ved, at justeringsfremspringet (34) har en
indgrebsdel, der har en indgrebsbredde (38) vinkelret pa en aksial indgrebslaengde (37),
den aksiale indgrebslaengde (37), der er mindst 0,9 gange indgrebsbredden (38) eller
mindst lig med kvadratroden af et tveersnitsomrade for ikke-cirkulere udvendige
profiler, og

indgrebsbredden (38) af justeringsfremspringet (34) har en tolerance pa ikke bredere
end ISO 286-1:2010 c11.

Fastgorelseselementet ifelge krav 1, hvor belastningsfikspunktet (16) er pa den udvendige
ende af justeringsfremspringet (34), og justeringsfremspringet (34) er integreret med
maleenden af fastgorelseselementet (4).

Fastgorelseselementet ifelge krav 1, hvor, nédr belastningsfikspunktet (16) er pa den
udvendige ende af justeringsfremspringet (34), boringen (22) i hulrummet (11) omfatter den
fleksible dels fikspunktsskulder (23) inden i den fleksible del (7) pa fastgerelseselementet
(4), hvor fastgerelseselementet desuden omfatter:

et belastningsfikspunktshylster (32), der har en ende, der bergrer den fleksible dels
fikspunktsskulder, og en belastningsfikspunktsende, hvor belastningsfikspunktsenden
omfatter justeringsfremspringet (34) og belastningsfikspunktet (16).

Fastgorelseselementet, som kraevet ifelge krav 1, hvor justeringsfremspringet (34) omfatter
en udvendig indgrebsflade (36) til indgreb med et méleverktej (40).

Fastgorelseselementet, som kraevet ifelge krav 1, hvor referencestiften (10) omfatter en
forste del (39) mellem rodenden (12) af referencestiften og en greense mellem den fleksible
del (7) og den belastningsmodtagende del (5) mod fastgerelseselementets maleende,

hvor referencestiften (10) omfatter en anden del mellem den forste del (39) og
referenceenheden (15) af referencestiften.
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Fastgorelseselementet ifelge krav 5, hvor, nar fastgerelseselementet (4) ikke er belastet, en
aksial afstand fra det hgjeste punkt pa referencefikspunktet (15) til det hegjeste punkt pa
belastningsfikspunktet (16) er mindre end 1/1000 af en aksial l&ngde af den forste del (39)
af referencestiften.

Fastgorelseselementet, som kraevet ifelge ethvert af kravene 1 til 3, hvor
justeringsfremspringet (34) er konfigureret til at ga i indgreb med et maleverktej (40) ved
mindst to placeringer med en mellemliggende afstand pa en aksial indgrebslengde (37), der
er mindst lig med kvadratroden af et tvaergaende tveaersnitsomrade, der er omgivet af en
udvendig profil ved navnte mindst to placeringer.

Fastgorelseselementet, som kravet ifelge ethvert af kravene 1 til 3, hvor den aksiale
indgrebslengde (37) af justeringsfremspringet (34) er mindst 1,5 gange indgrebsbredden
(38), og justeringsfremspringet (34) er konfigureret til at ga i indgreb med et maleverkte;
(40) ved mindst to placeringer med den mellemliggende afstand pa en aksial indgrebsleengde
(37), der er mindst 1,5 gange kvadratroden af et tvaersnitsomrade, der er omgivet af en
udvendig profil ved nevnte mindst to placeringer.

Fastgorelseselementet, som kravet ifelge ethvert af kravene 1 til 3, hvor den aksiale
indgrebslengde (37) af justeringsfremspringet (34) er mindst 2 gange indgrebsbredden (38),
og justeringsfremspringet (34) er konfigureret til at ga i indgreb med et malevarktej (40)
ved mindst to placeringer med den mellemliggende afstand pa en aksial indgrebslaengde
(37), der er mindst 2 gange kvadratroden af et tvaergaende tvaersnitsomrade, der er omgivet
af en udvendig profil ved navnte mindst to placeringer.

Fastgorelseselementet, som kraevet ifelge ethvert af kravene 1 til 3, hvor indgrebsbredden
(38) af justeringsfremspringet (34) har en tolerance pa ikke breddere end ISO 286-1:2010
h6.

Fastgorelseselementet, som kraevet ifelge ethvert af kravene 1 til 3, hvor
fastgorelseselementet (4) omfatter en holdedel (71) til fastholdelse af et veerktej (40) eller
beskyttelseshaette (64) pa justeringsfremspringet (34).

Et system, der omfatter fastgerelseselementet (4) ifolge ethvert af kravene 1 til 11 og et
malevearktej (40), hvor malevarktejet omfatter et justeringshulrum (43) til modtagelse af
justeringsfremspringet (34), systemet er kendetegnet ved, at pasningen mellem
justeringshulrummet (43) og justeringsfremspringet (34) hejst er en spillerumspasning.

Systemet ifelge krav 12, hvor justeringshulrummet (43) er 1 indgreb omkring
justeringsfremspringet (34),

vaerktejet (40) er konfigureret til at frembringe et signal eller udlesningsveardi (51),
pasningen mellem justeringshulrummet (43) og justeringsfremspringet (34) sikrer, at
varktejet (40) hovedsageligt er justeret med fastgerelseselementet (4) for at reducere
eller hovedsageligt eliminere variationer i signalet eller udlasningsverdien (51).

Systemet ifelge krav 12, hvor fastgerelseselementet (4) og varktejet (40) omfatter
funktioner (71, 72, 73), der fungerer samlet for at begraense rotationen af verktojet (40) i
forhold til fastgerelseselementet (4).
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Systemet ifglge krav 12, hvor et topunktstoleranceomrade pa indgrebsbredden (38) af det
justeringsfremspringets (34) indgrebsdel pa fastgerelseselementet (4), og pa en bredde af
justeringshulrummet (43) af vearktejet (40) hver har en omgivningskravsspecifikator til at
sikre, at variationer 1 vinkling, linezritet og koncentricitet ikke overskrider en omgivelse,
der er defineret af et topunkts toleranceomrade, der svarer til pasningen mellem
justeringshulrummet (43) og justeringsfremspringet (34), hvor justeringshulrummets ISO

286-1:2010-tolerance ikke er breddere end H9®), og justeringsfremspringets ISO 286-
1:2010-tolerance ikke er bredere end ¢11®), hvor ® er et ISO 8015:2011-omgivelseskrav.

En fremgangsmade til kontrol af en belastning pa fastgerelseselementet i systemet ifelge
krav 12, hvor malevarktejet (40) er konfigureret til at frembringe et signal eller en
udleesning (51), som svarer til neevnte belastning, og fremgangsmaden omfatter indgreb med
veerktejet (40) pa fastgerelseselementet (4), sa justeringshulrummet (43) er i indgreb over
justeringsfremspringet (34) med en indgrebslengde (37), hvor fremgangsmaden er
kendetegnet ved, at:

pasningen og indgrebslengden sammen sikrer, at verktejet og justeringsfremspringet er
hovedsageligt justeret for at reducere eller hovedsageligt eliminere variationer 1 det signal
eller den udlesningsveardi, som er associeret med rotation af varktejet.

Et veerktej til kontrol af en belastning pa fastgerelseselementet ifolge ethvert af kravene 1
til 11, hvor varktegjet (40) omfatter:

et justeringshulrum (43) til indgreb med justeringsfremspringet (34) og justere
verktejet (40), og justeringshulrummet (43) har en indgrebsbredde (38) og en
indgrebslengde (37); og

en belastningsfikspunktsbererende del (44 eller 67) til at berare belastningsfikspunktet
(16) og en referencefikspunktsberorende del (45 eller 66) til at berore
referencefikspunktet (15), hvor vaerktejet er kendetegnet ved, at:

justeringshulrummet (43) har en tolerance for boringen (42) pa ikke bredere end ISO
286-1:2010 H9 til justering af verktejet, og indgrebslengden (37) af
justeringshulrummet (43) er mindst 0,9 gange indgrebsbredden (38) eller mindst lig
med kvadratroden af et tversnitsomrade af justeringshulrummet for ikke-cirkulaere
udvendige profiler.

Verktejet, som kraevet ifelge krav 17, hvor justeringshulrummet (43) har en tolerance for
boringen (42) pa ikke bredere end ISO 286-1:2010 H6 til justering af veerktejet.

Verktejet, som kraevet ifglge krav 17, hvor vaerktejet (40) desuden omfatter en deformérbar
del (46) og en belastningsmaler (49),

den belastningsfikspunktsbererende del (44, 67) og den referencefikspunktsbergrende
del (45, 66) henholdsvis streekker sig vaek fra den deformérbare del og kan bevages 1
forhold til hinanden for samtidigt at ga indgreb med det respektive belastningsfikspunkt
(16) eller referencefikspunkt (15),

den deformérbare del (46), der er arrangeret til at blive deformeret af den relative
bevagelse; og

belastningsmaleren (49) er arrangeret til at tilvejebringe en indikation af deformeringen.
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20. Vearktejet, som kravet ifelge krav 17, hvor indgrebslengden (37) af justeringshulrummet
(43) er mindst 1,8 gange indgrebsbredden (38) eller mindst lig med to gange kvadratroden
af et tveersnitsomrade af justeringshulrummet for ikke-cirkulere udvendige profiler.

21. Vearktejet, som kraevet ifelge krav 17, som desuden omfatter en holdedel (73, 74, 75) til
fastholdelse af verkteojet (40) pa fastgerelseselementet (4) og desuden omfatter en
forskydning (48) til forskydning, 1 forhold til fastgerelsesdelen, af én af de
fikspunktsbergrende dele (44, 45, 66, 67).
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