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THERMOCOUPLE CLAMP

The present invention relates to a thermocouple clamp, suitable for

clamping a thermocouple to a body to be thermally monitored.

Thermocouples are routinely used to measure the temperature or heat
flow through a body to be thermally monitored. They are cheap and effective;
however they need to be retained in thermal contact with the body to be

monitored.

According to a first aspect of the invention there is provided a
thermocouple clamp suitable for clamping to a body to be thermally monitored,
comprising two clamping surfaces, wherein the two clamping surfaces are
selected from a material which is thermally matched to the body to be thermally
monitored, a retaining means operating on said two clamping surfaces to fixedly
clamp onto said body to be thermally monitored, wherein at least one of the two
clamping surfaces comprises a recess which comprises a thermocouple located
therein, wherein the recess has a cross section which is re-entrant such that
said recess retains the thermocouple and causes the thermocouple to be at
least flush with at least one clamping surface, as well as the surface of the body
to be thermally monitored such that during use, the thermocouple is held in

thermal contact with said body to be thermally monitored.

In a further arrangement, both of the at least two clamping surfaces
comprise the thermocouple. The thermocouples may be independently

selected, and may operate over the same or different temperatures ranges.

The thermocouple clamp may be made from any suitable material, such

as for example, metal, polymer, or ceramic.

The body to be thermally monitored may be any item that is to be heated
or cooled and monitored, preferably a pipe, tube or rod. In a highly preferred
arrangement the material of the body to be thermally monitored may be metal or

metal alloy.



10

15

20

25

30

WO 2020/008170 PCT/GB2019/051789

Metal pipes that are to be heated, such as those that are to be / have
been welded together, may be heated by any means, such as electrical, gas
flame, induction etc. The approximate temperature of the metal pipe may be
determined by colour comparison with the naked eye, (on heating) through the
black, red, cherry, yellow, white, or more accurately, by using pyrometers,
infrared cameras and/or thermocouples. The use of gas flames provides very
facile yet efficient method for industrial scale heating of body to be thermally
monitored. However, the gas flame typically causes an oxide layer to form on
the surface of said body during heating. The formation of the said surface oxide
layer has been found to cause erroneous temperature results with infrared
detectors whilst crudely heating with a gas flame [rather than a controlled
furnace environment]. The use of pyrometers, IR cameras, may therefore not be
suitable for providing reliable and/or accurate temperatures on a metal body to

be heated, by a gas flame.

Thermocouples may typically be connected directly to a metal body to be
monitored and are largely unaffected by the build-up of an oxide layer with
respect to it thermal monitoring capacity, The use of gas flames to heat metal
pipes have shown that an unprotected thermocouple tip is exposed to
significant thermal energy and provides misleading, unreliable thermal
monitoring that may not represent the temperature of the pipe by a significant

margin.

The thermocouple must have direct thermal contact with the body to be
monitored in order to accurately represent the temperature (or change in

temperature) of the body with a minimal time lag to equilibrate its temperature.

The recess has a cross section which is re-entrant such that said recess
retains the thermocouple and permits part of the thermocouple to be at least
flush with the surface of said clamping surface. Where the thermocouple is at
least flush it ensures that as the clamping surface comprising the thermocouple
is clamped and therefore held onto the body to be thermally monitored, it forces

direct thermal / mechanical contact between the thermocouple and the body to
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be monitored. The recess may be fashioned such that the thermocouple

protrudes from the surface of the clamping surface.

The two clamping surfaces may be selected from any material, preferably
the clamping surface material may be thermally matched to the material of said
body to be thermally monitored, more preferably the clamping surface material
iIs substantially the same material as the body to be thermally monitored,
wherein the thermally matched material may not comprise a metal with melting
temperature below 400°C. Care should be taken with the selection of metal with
respect to the metals melting point and the temperature range over which the
said body is to be thermally monitored. The avoidance of the use of a metal
with a low melting point with respect to the thermal monitoring range is
desirable as the metal may readily reach its liquid phase and flow onto/into the
body subject to thermal monitoring, wherein the liquid metal [from the melted
clamp material] may act as a contaminate, which may affect the physical and
chemical properties of the body to be thermally monitored. That is to say that
the material used to manufacture the thermocouple clamps shall be selected

such that there is no adverse effect to the body to be thermally monitored.

In a highly preferred arrangement for the thermal monitoring of the annealing
temperature for 90/10 CuNi pipework the thermally matched material may be
and additive layer manufacture (ALM) binder-jet-sintered composite metal using
a 300 or 400 series stainless steel primary alloy structure infiltrated (by
approximately 30%) with either 90/10 CuNi alloy or pure copper. The ALM
deposition process provides a “green” product, which is a deposed metal in a
polymer lattice. The polymer is removed and may be sintered, or displaced / in-

filled with the melt of other materials.

The thermal matching of the clamping surface with the body to be thermally
monitored, may be further improved wherein the clamping surface which
comprises the thermocouple may have a thickness in the range of 20% of the

thickness of the body to be thermally monitored. The cross-section of the
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clamping surface may be any shape, with a thickness which is in the range of
20% of the thickness of the body to be thermally monitored, more preferably
10% of the thickness more preferably substantially equal. Preferably the
clamping surface is semi-circular in cross section, with a radius which is in the
range of 20% of the thickness of the body to be thermally monitored, more

preferably 10% of the thickness more preferably substantially equal.

The thermal matching of the clamping surface, which comprises the
thermocouple, with the body to be thermally monitored, allows the body to be
thermally monitored and the clamping surface to be heated or cooled at the
same rate, and thereby allow the thermocouple to be heated or cooled at the

same rate.

The at least one clamping surface that comprises the thermocouple may be

thermally matched to the body to be thermally monitored.

The clamping surface’s cross section does not require contact across its
width with the entire body to be thermally monitored. Preferably, the semi-
circular cross section has a diameter or chord which extends away from the
body to be thermally monitored, preferably the diameter or chord that extends
away is curved, such that substantially only the thermocouple and the re-entrant
part of the clamping surface are in thermal contact with the body to be thermally

monitored.

It has been found that without any thermal mass [protection] surrounding
the thermocouple tip to balance the heat gradient during direct flame
impingement heating, the relatively small volume of the thermocouple tip can
get white hot within a relatively short time period (if directly exposed to a gas
flame) whilst insufficient time for heating of the body may have occurred. This is
especially significant where bodies are large diameter pipes with pipe wall

thickness of several millimetres.
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In one arrangement the recess may be a blind cavity such that the
thermocouple may not extend beyond the end of one of the two clamping
surfaces. Preferably the blind cavity ensures that the end portion (sensing
portion) of the thermocouple does not extend beyond the point of contact with

the body to be thermally monitored.

It may be convenient to remove the thermocouple from the clamping
surface, when the clamp is still clamped in place on the body to be thermally
monitored, such as if the thermocouple fails, or a new temperature range has
been reached. In one arrangement the clamping surface may comprise a
through-hole, such that the thermocouple is fed through said through-hole and
into the recess. Further the use of the blind cavity ensures that if the
thermocouple is replaced, in situ, the replacement thermocouple cannot be
introduced beyond the blind cavity. It ensures that the replacement
thermocouple is located in the same place in the recess as the original

thermocouple to ensure reproducibility of temperature measurements/results.

In the prior art fixing methods, thermocouples may be taped, fixed by
conductive adhesive, welded or wound onto a body to be thermally monitored.
The disadvantage of the use of spot welding to the body to be thermally
monitored is that the weld material may be a source of contamination but
generally problematic to fully remove said weld material from the body to be

thermally monitored.

The use of the thermocouple clamp allows removal of the clamp, or
where a through hole is used the thermocouple may be removed and replaced

without removing the clamp.

The thermocouple clamp, may be reversibly engaged with the body to be
thermally monitored, to allow facile removal or relocation of the clamp. The two
clamping surfaces may preferably be held in a closed position by the retaining
means, said retaining means may be a resilient bias, screw thread, over-centre
locking action mechanism. The resilient bias may in the form of a spring which

may be arranged to force the two clamping surfaces together. The screw thread
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may be a G-clamp or vice type arrangement. The over-centre locking

mechanism may be that of locking pliers, i.e. mole grips.

In a preferred arrangement said two clamping surfaces comprise a first
clamp surface and a second clamp surface, which are pivotally connected, by a
pivot, and are biased to a closed clamped position by the resilient bias, such
that they form a sprung plier, sprung peg or sprung scissor-like arrangement.
Preferably the clamp is in the form of a peg, scissor, plier configuration, such
that each of said first and second clamp surfaces comprises an elongate portion
extending away from said clamping surface to provide an operating handle,

such that said pivot is located between the handle and said clamping surface.

The resilient bias in this pivoted arrangement may be a torsion spring,
such that the torsion spring forces the first and second clamping surfaces
together. The resilient bias may be overcome by squeezing the handles towards
each other, to move the at least two clamping surfaces apart, and allowing
release of the at least two clamping surfaces away from the body to be

thermally monitored.

The body to be thermally monitored may have a surface which is flat,
curved, or tubular. The at least one of the first and second clamping surfaces
may have an arcuate portion, or may be arcuate along the entire clamping
surface. The arcuate portion or arcuate clamping surface provides a facile
means of clamping to tubes or rods. Where the thermocouple clamp comprises
only one arcuate clamping surface, preferably it is the arcuate portion that

comprises the thermocouple.

The at least two clamping surfaces may comprise a texture to provide

further grip. The texture may be protrusions, grooves, ie a gripping jaw.

So that the invention may be well understood, embodiments thereof shall now

be described with reference to the following figures, of which:
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Figures 1a, 1b and 1c, show a thermocouple clamp
Figures 2a and 2b show a thermocouple in the clamp of fig 1

Figure 3 shows a tube held in a thermocouple clamp.

Turning to figures 1a, 1b, and 1c, there is provided a thermocouple
clamp 1, with two clamping surfaces 3, which can clamp onto a body to be
thermally monitored 16. The two clamping surfaces 3, are formed from a first
clamping surface 6, and second clamping surface 5, which comprises a recess
4, which can accept a thermocouple (not shown). The at least two clamping
surfaces 3, are pivotally mounted on a pivot 2, and extending beyond the pivot
are handles 7, 8, which when squeezed together open up the at least two
clamping surfaces 3. The at least two clamping surfaces 3 are biased to the
closed position by a resilient bias means (not shown), to clamp on a body to be

thermally monitored 16.

In figure 1b, the second clamping surface 5, shows the recess 4, and a
through-hole 9, which extends through the entire clamping surface 5, to allow
the thermocouple to be threaded therethrough. The recess 4, terminates in a
blind cavity 13, such that the thermocouple may not extend beyond the end of
the second clamping surface 5. To ensure that the tip of the thermocouple is in
direct thermal contact with the body to be thermally monitored, preferably the tip
is located in the region 14, where the arcuate 15 portion of the clamping surface

5, will engage with the body to be thermally monitored.

In figure 1c, the cross-section A—A shows the re-entrant shaped recess
11, where the walls extend inwardly and retain the thermocouple 10 therein.
The re-entrant recess 11, is such that the thermocouple 10 is caused to be at
least flush with the surface 12, such that it will be in thermal contact with the

body to be thermally monitored.
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Turning to figure 2a and 2b, there is shown a thermocouple clamp 21,
with the thermocouple 20 being fed through a through hole which starts from the
handle portion rather than the top of one of the two clamping surfaces 23. The
two clamping surfaces 23, are pivoted about a sprung screw thread pivot 22.
The spring tension located therein (not shown) causes the two clamping
surfaces 23 together. Figure 2b, provides a close up to show the thermocouple

in the re-entrant cavity 24.

Turning to fig 3, there is provided a thermocouple clamp arrangement 31,
with a body to be thermally monitored 34 in the form of a pipe 36, with a wall
thickness t1. The pipe 36 has a thermocouple clamp (Fig 1) 1, located thereon,
with first clamping surface 35a and second clamping surface 35b. The clamping
surface 35a comprises a thermocouple 30, located in the re-entrant cavity, such
that the thermocouple 30 is in direct thermal contact with the pipe 36. The
second clamping surface may also have a further thermocouple, or empty
recess cavity, or may be a blank with no cavity, just surface clamping material.
For clarity the first and second clamping surfaces 35a, 35b, are only
schematically shown (not to scale) in cross-section A---A. A gas flame 37, is
used to heat up the pipe 36, typically around the entire circumference of the
pipe 36. To ensure that the thermocouple is raised in temperature in a uniform
manner with the pipe 36, the radius R1 of the first clamping surface is preferably
within the range of from +/- 20% of the thickness t1 of the body being thermally

monitored [i.e. the pipe wall thickness in this example].
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CLAIMS

1.

A thermocouple clamp suitable for clamping to a body to be thermally
monitored, comprising two clamping surfaces, wherein the two clamping
surfaces are selected from a material which is thermally matched to the body to
be thermally monitored, a retaining means operating on said two clamping
surfaces to fixedly clamp onto said body to be thermally monitored, wherein at
least one of the two clamping surfaces comprises a recess which comprises a
thermocouple located therein, wherein the recess has a cross section which is
re-entrant such that said recess retains the thermocouple and causes the
thermocouple to be at least flush with at least one clamping surface, as well as
the surface of the body to be thermally monitored, such that during use, the
thermocouple is held in thermal contact with said body to be thermally

monitored.

A thermocouple clamp according to claim 1, wherein the body to be thermally

monitored is a pipe, tube or rod.

A thermocouple clamp according to claim 1 or claim 2, wherein the material
which is thermally matched to said body to be thermally monitored is
substantially the same material as the body to be thermally monitored, wherein
the thermally matched material may not comprise a metal with melting

temperature below 400°C.

A thermocouple clamp according to claim 3, wherein the thermally matched
material is an ALM binder jet sintered stainless steel alloy, with an infill of
copper or alloy thereof

A thermocouple clamp according to any one of the preceding claims, wherein
the clamping surface is semi-circular in cross section, with a radius which is in

the range of 20% of the thickness of the body to be thermally monitored.

A thermocouple clamp according to claim 5, wherein the semi-circular cross
section has a diameter which extends away from the body to be thermally

monitored.

A thermocouple clamp according to claim 6, wherein the diameter that extends

away is curved.
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A thermocouple clamp according to any one of the preceding claims wherein
the retaining means is a resilient bias, screw thread, or over-centre locking

action.

A thermocouple clamp according to any one of the preceding claims, wherein
said two clamping surfaces comprise a first clamp surface and a second clamp
surface, which are pivotally connected, by a pivot, and are biased to a closed

clamped position by the resilient bias.

A thermocouple clamp according to any one of claim 9, wherein each of said
first and second clamp surfaces comprises an elongate portion extending away
from said clamping surface to provide an operating handle, such that said pivot

is located between the handle and said clamping surface.

A thermocouple clamp according to any one of the preceding claims, wherein
the clamping surface which comprises the recess comprises a through-hole,
such that the thermocouple is fed through said through-hole and into the

recess.

A thermocouple clamp according to any one of the preceding claims wherein

the at least two clamping surfaces are arcuate.

A method of monitoring the temperature of a metal body to be heated by a gas
flame, comprising the steps of locating one or more thermocouple clamps,
according to any one of the proceeding claims, around said metal body,
applying the gas flame, and measuring the temperature of the metal body with

said thermocouple.
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