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(54) CLAMPING DEVICE

(57) A clamping device (100) for use with a clamp,
wherein the clamping device comprises: a body (101)
comprising a first side (102) and an opposing second
side (104) and a biased member (106), wherein the bi-
ased member is configured to receive a foot (326) of the
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clamp; and the second side of the body comprising a
surface (108b) for applying pressure to a workpiece
(324); wherein, in use, the biased member is configured
to maintain a constant pressure on the workpiece.
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Description
FIELD
[0001] The presentinvention relates to a clamping de-

vice and a related method of using the clamping device
to clamp a workpiece.

BACKGROUND

[0002] During manufacture of workpieces or assem-
blies, it is often necessary to join together components
using adhesive. A typical joining process may include
depositing adhesive onto each component that is to be
joined together, placing the components to be joined to-
gether in abutment and applying pressure to the join via
a series of clamps. Alternatively, components may be
abutted together in a desired form before adhesive is
injected between the components. In high value manu-
facturing operations, the thickness of the adhesive join
must be accurately controlled in order to maintain overall
tolerances of the assembly. This is particularly important
in aerospace applications where assemblies must con-
form to tightly controlled tolerances. Clamps are typically
tightened to a predetermined torque in order to maintain
a desired pressure on the components in abutment. If
the clamp is applied too tightly, adhesive may bleed out
from the join between the components. In addition,
clamps which exert too much pressure to a component
may damage the component. Alternatively, if the clamp
is applied too loosely, there may be too much adhesive
between the components leading to voids or weakness
in the joint. During the curing process of the adhesive,
adhesive may also bleed out from the joint, evaporate or
reduce in volumetric size which in turn loosens the pres-
sure exerted by the clamps on the subassembly holding
the components in place. Operators may have to re-
torque clamps multiple times during a curing process in
order to maintain adequate bonding conditions between
the components.

SUMMARY

[0003] According to a first aspect of the presentinven-
tion, there is provided a clamping device for use with a
clamp, wherein the clamping device comprises: a body
comprising a first side and an opposing second side and
wherein the body comprises a biased member, wherein
the biased member is configured to receive a foot of the
clamp; and the second side of the body comprising a
surface for applying pressure to a workpiece; wherein,
in use, the biased member is configured to maintain a
constant pressure on the workpiece.

[0004] A workpiece may comprise two or more com-
ponents to be joined together by an adhesive. In use, the
biased member may be axially compressed by the foot
of the clamp until a desired pressure is achieved on the
workpiece. In this way, potential energy is stored in the
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biased member. Advantageously, if pressure on the
workpiece is subsequently reduced due to adhesive
bleeding out from the joint in the workpiece, evaporating
or otherwise reducing in volumetric size (thereby de-
creasing the thickness of the adhesive layer), the biased
member may release the stored potential energy and ax-
ially expand against the clamp foot and the body of the
device thereby maintaining a constant pressure on the
workpiece.

[0005] The biased member may be a spring, for exam-
ple a helical spring, disk spring or leaf spring. Preferably
the biased member is a disk spring.

[0006] The biased member may be a component inte-
gral with the body of the device. For example, the body
may comprise a material configured to exert mechanical
spring properties.

[0007] The biased member may comprise a geometry
to enable location of the foot of the clamp. In this way,
the biased member functions to positively locate the foot
of the claim in a central axis defined by the biased mem-
ber. Such geometries may be configured to enable an
interference fit with the foot of the clamp thereby retaining
the device to the clamp.

[0008] The biased member may interface with a single
type of clamp, for example a G-clamp or a variety of types
of clamp.

[0009] Alternatively the biased member may be a sep-
arate component to the body. Preferably the biased
member is a separate component to the body thereby
allowing removal and replacement of the biased member
without replacement of the entire device. Further, when
the biased member is a separate component, this may
allow replacement of the biased member for another bi-
ased member having a different spring force.

[0010] The biased member may be located on the first
side of the body or the second side of the body. Alterna-
tively, the biased member may be located between the
first and second sides of the body. Preferably the biased
member is located between the first and second sides of
the body.

[0011] The body may be made of a single piece of ma-
terial or a plurality of sub components joined together.
The body may be a substantially circular, square, rectan-
gular or higher sided polygon shape or freeform shape
and may comprise more than two sides. The first and
second sides may be substantially coplanar although in
an alternative arrangement, planes defined by the first
and second sides of the body may be angularly offset in
one or more axes.

[0012] In another arrangement, the second side of the
body may comprise a geometry configured to be confor-
mal to a workpiece. For example, the second side of the
body may comprise a predefined geometry designed to
mate with a predefined workpiece geometry in use. Al-
ternatively, the second side may comprise a malleable
surface configured to adapt to a plurality of workpiece
geometries. In a preferable arrangement, the body com-
prises a substantially rectangular shape. The body may
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further comprise an ergonomic shape or handle to enable
handling by an operator in a manufacturing operation.
[0013] Accordingtoone example, the body may further
comprise a cavity, the cavity configured to retain the bi-
ased member; the body comprising an opening from the
first side to the cavity, wherein the device is configured
to receive the foot of the clamp through the opening. The
cavity may prevent the biased member from fouling
caused by adhesive or containments such as dirt and
debris. Furthermore, the opening may facilitate positive
location of the foot against the biased member and pre-
vent slippage of the clamp in use.

[0014] According to one example, the body further
comprises a lateral opening between the first and second
sides of the body wherein the lateral opening is config-
ured to allow the biased member to be removed from the
cavity. In other words, there is provided a lateral opening
in a side of the body between the first and second sides.
The lateral opening into the cavity allows the biased
member to be removed laterally with respect to the first
and second sides of the body. This may allow for main-
tenance, repair or replacement of the biased member
without replacement of the entire body of the device. In
some arrangements, the lateral opening may comprise
a covering such as a removable panel or door to protect
the cavity from fouling caused by adhesive or contami-
nants such as dirt and debris.

[0015] In some examples, the opening and the lateral
opening may be combined as a single opening. In other
words, the opening from the first side to the cavity extends
between the first and second sides of the body to encom-
pass the lateral opening such that the single opening
between the first side to the cavity appears open-ended
when viewed from the side of the body. This arrangement
may allow more efficient fabrication of the device, in par-
ticular when the device is manufactured from a solid billet,
both the opening, cavity and lateral opening may be man-
ufactured using an undercut drill bit. This arrangement
may also be advantageous when the device is manufac-
tured using additive techniques by eliminating overhangs
in the structure. In an alternative arrangement, the open-
ing from the first side to the cavity is formed as an opening
separate from the lateral opening between the first and
second sides of the body.

[0016] According to one example, the lateral opening
is configured to provide an interference fit against the
biased member. The lateral opening may comprise di-
mensions substantially equal to the outer dimensions of
the biased member e.g. the dimensions of the lateral
opening may be the widest width and height of the biased
member. Alternatively, the lateral opening may comprise
dimensions in the range of from 0 to 20% less than the
outer dimensions of the biased member. Preferably the
lateral opening comprises dimensions 10% less than the
outerdimensions of the biased member. The interference
fit allows the biased member to be retained within the
cavity without accidental displacement from the cavity
during use.
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[0017] According to one example, the cavity is further
configured to retain the foot of the clamp and the lateral
opening is configured to allow the foot to be removed
from the body. In this way, the foot may be inserted lat-
erally with respect to the first and second sides of the
body into the cavity thus once the foot of the clamp is
inserted into the cavity, the device as a whole is attached
to the clamp. Advantageously, the foot is protected from
fouling caused by adhesive or containments such as dirt
and debris.

[0018] According to one example the lateral opening
is configured to provide an interference fit against the
foot of the clamp. The lateral opening may comprise di-
mensions substantially equal to the outer dimensions of
the clamp foot e.g. the dimensions of the lateral opening
may be the widest width and height of the clamp foot.
Alternatively, the lateral opening may comprise dimen-
sions in the range of from 0 to 20% less than the outer
dimensions of the clamp foot. The interference fit allows
the clamp foot to be retained within the cavity without
accidental displacement from the cavity during use.
[0019] According to one example the body comprises
aload cell, the load cell configured to measure areceived
pressure from the clamp. The load cell may be configured
to measure pressure exerted from the clamp onto the
body of the device. Preferably the load cell is configured
to measure pressure exerted from the clamp onto the
biased member. The load cell may be placed in alocation
substantially coaxial with the biased member in order to
accurately obtain measurements of pressure exerted by
the clamp. Provision of a load cell within the device allows
the torque of the clamp to be accurately set thereby en-
suring the correct pressure is applied to the workpiece.
In one example the load cell is a half-bridge strain gauge
load cell.

[0020] According to one example the load cell is con-
nected to a load indicator configured to provide a visual
indication of the received pressure from the clamp. The
load indicator may be an LED configured to turn on or
change colour when the correct pressure is applied to
the load cell. For example, the LED may show a first
colour, e.g. red, when an incorrect pressure is applied to
the load cell and be configured to change to a second
colour, e.g. green, when a correct pressure is applied to
the load cell. Furthermore, the load indicator may be a
screen, e.g. a liquid crystal display, configured to show
a measured pressure in real time to an operator. The
load indicator may be configured to indicate when the
received pressure from the clamp is within a predeter-
mined acceptable range or tolerance.

[0021] According to one example the load cell further
comprises an external connection for exporting informa-
tion relating to the received pressure from the clamp to
an external device, e.g. a computing device. In this way,
information may be exported to the external device for
analysis or real time fault reporting. The external connec-
tion may be a wired connection, e.g. an electric cable.
Alternatively the external connection may comprise a
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wireless connection, e.g. Bluetooth™. The external con-
nection may alternatively be configured to interface with
so called 'smart tools’, such as clamps with auto torque
calibration, or with further clamping devices as herein
described.

[0022] The device may comprise an onboard proces-
sor connected to the load cell for determining the exerted
pressure on the device from the measurements taken by
the load cell. Optionally, the onboard processor is con-
nected to the load indicator to control the load indicator.
[0023] The device may further comprise an input con-
nected to the load cell to allow a predetermined threshold
measurement to be set by a user. Optionally, the input
is connected to the load indicator and/or onboard proc-
essor. Alternatively, a predetermined threshold meas-
urement may be set by the external device and uploaded
to the device via the external connection.

[0024] In the case of a plurality of devices being used
in a manufacturing operation, the plurality of devices may
be able to communicate with each other via the external
connection. There may be provided more than one ex-
ternal connection for connection to a plurality of external
devices or adjacent clamping devices.

[0025] Accordingto one example the surface compris-
es a non-slip layer for abutment against the workpiece.
In this way, the device may be held in a fixed place against
the workpiece when clamped. This may be useful where
aworkpiece comprises geometries which are not confor-
mal to the surface of the body of the device.

[0026] According to one example, the second side of
the body comprises a plurality of feet for abutting the
workpiece. In this way, pressure exerted by the clamp
may be distributed across a greater area of the work-
piece. This may protect the workpiece from damage due
to overtightening of the clamp. Furthermore, when a plu-
rality of clamps are used to hold a workpiece, lateral dis-
tribution of the force applied by the clamps may allow
less clamps to be used and may eliminate localised pres-
sure points across the workpiece which cause changes
in the thickness of the adhesive layer. Preferably the sec-
ond side comprises two feet although in alternative em-
bodiments, the second surface may comprise more than
two feet. The placement of the feet may preferably exhibit
rotational symmetry about a central axis defined by the
biased member. The present inventors have found that
distribution of the pressure across a greater area of a
workpiece leads to over a 50% reduction in the number
of clamps required for a particular manufacturing opera-
tion. This allows operators easier access to the work-
piece and each individual device and/or clamp during the
adhesion process. Further, the probability of localised
pressure hotspots which may deform the surface of the
workpiece and/or the adhesive layer are reduced.
[0027] According to one example the body is made
from a plastic, metal, metal composite or carbon com-
posite material. Preferably the body is made from a plas-
tic, more preferably Nylon 12CF.

[0028] According to a second aspect there is provided
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a system for clamping a workpiece comprising a device
according to the first aspect and a clamp. In use, the
system may further comprise a work piece.

[0029] According to a third aspect, there is provided a
method of using a clamping device comprising the steps
of:

providing a clamping device according to the first
aspect;

providing a clamp;

affixing a foot of the clamp to the biased member of
the device;

abutting the surface on the second side of the body
of the device against a workpiece; and

applying pressure, via the clamp to the workpiece.
BRIEF DESCRIPTION OF THE FIGURES

[0030] Embodiments of the invention will now be de-
scribed by way of example only with reference to the
figures, in which:

Figure 1 shows an isometric exploded view of an
example clamping device;

Figure 2 shows a cross sectional diagram of the
clamping device of Figure 1;

Figure 3 shows an isometric view of the clamping
device in use with a clamping foot of an adjacent
clamp against a workpiece;

Figures 4a & 4b shows a cross sectional diagram of
the clamping device of figure 3 in use; and

Figure 5 shows an example method flowchart.

DETAILED DESCRIPTION

[0031] Figure 1 shows an isometric exploded view of
a clamping device 100 according to the invention. In this
example, the device includes a body 101 made of Nylon
12CF having a first side 102 e.g. top side, and a second
opposing side 104 e.g. a bottom side, for contact with a
workpiece. The second opposing side 104 is substantial-
ly coplanar to the first side 102. The body 101 has a
biased member 106, in the form of a disk spring, housed
within a cavity 110 located between the first 102 and sec-
ond 104 sides. The body generally has a rectangular
cross sectional shape rounded at each end and has fil-
leted edges to enable ergonomic grip by an operator.

[0032] In this example the body 101 also has an open-
ing 112 from the first side 102 of the body 101 to the
cavity 110 and a lateral opening 114 positioned between
the first 102 and second 104 side of the body 101 con-
figured to allow the biased member 106 to be removed
from the cavity 110. In this example, the opening 112 is
also part of the lateral opening 114 such that they form
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a single opening. In this example, the lateral opening 114
has cross sectional dimensions 10% smaller than the
cross sectional dimensions of the biased member 106
and clamp foot to enable an interference fit between the
biased member and clamp foot and the lateral opening.
[0033] Inthis example, the second side 104 of the body
101 has two separate feet 108a 108b abutting an adja-
cent workpiece distributed around Axis X. The feet 108a
108b provide a non-slip surface for abutment against an
adjacent workpiece.

[0034] In this example, the device 100 includes a half-
bridge strain gauge load cell (not shown) and a load in-
dicator 118 which will be described further in reference
to Figure 2.

[0035] Figure 2 shows a cross sectional diagram of the
device 200. Like the device 100 of Fig 1, the device in-
cludes a body 201 with first and second sides 202, 204,
feet 208a 208b, biased member 206, the body having an
opening 212 from the first side to the cavity 210, a lateral
opening 214 and a load indicator 218. The function of
each of these parts in the device 200 is similar to that of
the corresponding parts in the device 100 of Fig. 1, and
for the sake of brevity, a detailed description will not be
repeated here.

[0036] As described in relation to Figure 1, the device
200 has aload cell 216 which measures a received pres-
sure when used with a clamp (in other words, the load
cell 216 measures the pressure being exerted by the
clamp onto the workpiece). In this example, the load cell
216 is substantially coaxial with axis X in line with the
central axis defined by the biased member 206. The load
cell 216 is connected via a connector 220 e.g. an electric
cable, to the load indicator 218. In this example, the load
indicator is an LED light. The load indicator 218 may be
configured to change between a first colour and second
colour e.g. red to green such that the load indicator 218
is configured to change colour once a predetermined
threshold measurement has been sensed by the load
cell 216. The load cell 216 and load indicator 218 are
connected to a power source (not shown) housed within
the device 200. In this example, the device 200 has an
onboard processor 219 connected to the load cell 216
for determining the exerted pressure on the device 200
from the measurements taken by the load cell 216. In
this example, the onboard processor 219 is also connect-
ed to the load indicator 218. In this example, the external
connection 222 is a wired connection to an external de-
vice (not shown).

[0037] Turning to Figure 3, there is shown the device
300 of Figs. 1 & 2 in use. In particular, there is shown the
device 300 in use with a clamp 328, the clamp 328 having
a foot 326 in abutment with the biased member 306. The
biased member 306 functions to locate the foot 326 in
the central axis defined by the biased member 306. In
this example, the cavity 310 retains the foot 326 in addi-
tion to retaining the biased member 306. In this example,
the lateral opening 314 is configured to provide an inter-
ference fit against both the biased member 306 and foot
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326 in order to prevent accidental displacement of the
biased member 306 and foot 326 from the cavity 310 in
use. In use, the feet (not shown) of the second side of
the device 300 are in abutment with a workpiece 324. In
this example, the workpiece 324 has two components to
be joined together using a layer of adhesive 325. The
operation of the device 300 will now be described with
reference to Figures 4a & 4b.

[0038] Figures 4a & 4b show the device 400 as sub-
stantially described in relation to Figures 1 to 3 in use
with a clamp 428. In this example, the clamp is a G-clamp
which exerts pressure on a workpiece 424 using a jack
screw 429. In a typical manufacturing operation, the
workpiece 424 is prepared for bonding by applying a layer
of adhesive between components to a predetermined
thickness A. The device 400 is attached to the foot (not
shown) of the clamp 428 whereupon the clamp 428 is
tightened to a predetermined torque so as to exert pres-
sure on the workpiece 424 via the device 400. In this
state, the biased member is subject to an axial compres-
sion and potential energy is stored in the biased member.
During curing of the adhesive, some adhesive may bleed
from the workpiece 424 thereby reducing the thickness
of the adhesive layer from thickness A to A’. Without the
biased member, the device 400 would no longer be in
abutment with the workpiece 424 however in use, the
biased member expands an axial distance B to maintain
a fixed pressure on the workpiece 424. In this example,
the biased member releases its stored potential energy
and expands an axial distance B equal to the value of
the thickness of the adhesive A less the value of A’, that
is to say, the axial change of thickness of the adhesive
layer in the workpiece 424. In alternative arrangements,
the biased member may be configured to expand to an
axial distance greater than A less the distance of A’ - i.
e. there is some residual potential energy stored in the
biased member even after the adhesive layer has de-
creased in thickness.

[0039] Figure 5 shows an example method flowchart
500 illustrating a method of using the device according
to an embodiment of the invention. The method corre-
sponds to a method of operating any of the devices de-
scribed above with reference to Figs. 1 to 4. The method
comprises the steps of:

510 providing a clamp, a workpiece to be clamped
and a clamping device as herein described;

520 placing the foot of the clamp through the opening
of the body and against the biased member of the
device;

530 abutting the feet on the second side of the body
of the device against the workpiece; and

540 applying pressure, via the clamp, to the work-
piece.

[0040] Whilst certain arrangements of the invention
have been described herein with reference to the draw-
ings, it will be understood that many variations and mod-
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ifications will be possible without departing from the
scope of the invention as defined in the accompanying
claims.

Claims

1. Aclamping device (100) for use with a clamp, where-
in the clamping device comprises:

a body (101) comprising a first side (102) and
an opposing second side (104) and a biased
member (106), wherein the biased member is
configured to receive a foot (326) of the clamp;
and

the second side of the body comprising a surface
(108b) for applying pressure to a workpiece
(324);

wherein, in use, the biased member is configured to
maintain a constant pressure on the workpiece.

2. The device according to claim 1 wherein the body
further comprises a cavity (110), the cavity config-
ured to retain the biased member; the body compris-
ing an opening (112) from the first side to the cavity,
wherein the device is configured to receive the foot
of the clamp through the opening.

3. The device according to claim 2 wherein the body
further comprises a lateral opening (114) between
the first and second side of the body, wherein the
lateral opening is configured to allow the biased
member to be removed from the cavity.

4. The device according to claim 3 wherein the lateral
opening is configured to provide an interference fit
against the biased member.

5. The device according to claims 3 or 4 wherein the
cavity is further configured to retain the foot of the
clamp and the lateral opening is configured to allow
the foot to be removed from the body.

6. The device according to claim 5, when dependent
on claim 4, wherein the lateral opening is configured
to provide an interference fit against the foot of the
clamp.

7. Thedevice according to any preceding claim where-
in the body comprises a load cell (216), the load cell
configured to measure a received pressure from the
clamp.

8. The device according to claim 7 wherein the load
cell is connected to a load indicator (118) configured
to provide a visual indication of the received pressure
from the clamp.
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9.

10.

1.

12.

13.

14.

The device according to claim 7 or 8 wherein the
load cell further comprises an external connection
(222) for exporting information relating to the re-
ceived pressure from the clamp to an external de-
vice.

The device according to any preceding claim where-
in the surface comprises a non-slip layer for abut-
ment against the workpiece.

The device according to any preceding claim where-
in the second side of the body comprises a plurality
of feet for abutting the workpiece.

The device according to any preceding claim where-
in the body is made from a plastic.

A system for clamping a workpiece comprising:

a device according to any preceding claim; and
a clamp (428).

A method of clamping a workpiece, wherein the
method comprises:

providing a clamping device according to any
one of claims 1 to 12;

providing a clamp;

affixing a foot of the clamp to the biased member
of the device;

abutting the surface on the second side of the
body of the device against a workpiece; and
applying pressure, via the clamp to the work-
piece.
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