
Torqing Sense for
Process Plant Control

Say ‘process control’ and most people automatical-
ly think of monster-sized central computers running
barely-fathomable SCADA software in a control
room that would not be out of place at Cape
Canaveral. But out on the plant floor, there may be
literally thousands of simple sensors and switches,
collecting data and feeding it back to the Beamoth.

These sensors are tracking every little change in the
plant’s operating parameters, indicative of either the
state of the materials being worked or of the state
of the machinery itself. For instance an increase in
torque on a mixer drive may suggest that a mixture
within is thicken up as expected, or alternatively that
a seal or bearing is sticking and may soon fail al-

together: either way this is vital information for the
central computer to capture and assess.

Ultimately, process engineers want to transform ma-
terial from one state to another, and to monitor vari-
ables indicative of the various stages of the process.
Some parameters can be measured directly and sim-
ple – temperature for example. Others are more dif-
ficult to measure, so an often-used technique is to
measure a related parameter (typically one relat-
ed to the plant or machinery rather then the
process material) and interpolate from this. 

Significantly many types of process plant – mixers,
pumps, conveyors - are motor driven, and measur-
ing the motor output characteristics will often pro-
vide process information. For instance, the torque
of the motor could suggest the quantity, speed or
viscosity of the process material being worked.
Obviously, measuring the processing is the pri-
mary concern of the production engineers, but
torque measurement has a second, equally impor-
tant function. Because you are actually measuring
plant performance, you get to see how the machin-
ery is holding up. Knowing what to look for will give
you early warning of breakdowns, allowing you to
schedule pre-emptive maintenance. For a contin-
uous process where downtime can cost thousands
of Euros an hour in lost production, this can be crit-
ical - ultimately the difference between healthy prof-
it and catastrophic loss.

This all sound very useful, and actually measuring
torque can be very simple. Not so long ago torque
sensors required a fairly complicated and fragile ar-
ray of slip rings connected to the rotating drive shaft

of the machine under test. TorqSense provides a non-
contact means for taking the readings. In use, a cou-
ple of simple pads are glued to the side of the dri-
veshaft and a TorqSense unit mounted close by. The
device then starts monitoring torque, and feeding
it as a data signal to the SCADA control system.

Principles

The pads are in fact tiny little piezoelectric combs
encased in plastic. The combs are designed to
open or close under the torque effect of their rota-
tional speed on the drive shaft. The greater the torque,
the more the distortion.

The TorqSense unit emits a low powered radio fre-
quency signal towards the combs, which reflect it
back. The reflected signal comes back at a changed
frequency, the change being proportional to the dis-
tortion of the combs, and thus to the torque in the
drive shaft.

The physical phenomenon which deforms the
combs is called the Surface Affect Wave (SAW), a
property first noted in 1885 by gentleman-scien-
tist Lord John William Strutt Rayleigh. He postulat-
ed many possible used for SAWs, but was unable
to realise practical use for any of his theories. It was
not until the 1920s that they were shown to be gen-
erated by the moving edges of earthquakes and av-
alanches, the recording of which using low frequen-
cy vibration monitors formed the basis of modern
seismology and volcanology.

By mid century scientists were creating SAWs in lab-
oratories and developing new ideas for their use. As
the century closed Sensor Technology Ltd were us-
ing the phenomenon to develop a new method of
torque monitoring, the non-contact nature of which
promised to be very attractive to working engineers.

Testing pumps

Charles Austen Pumps (CAP) has recently upgrad-
ed its test facilities with Surface Acoustic Wave (SAW)
equipment from Sensor Technology. Charles Austen
Pumps manufactures pumps individually designed
to meet specific customer requirements that can-
not be satisfied by off-the-shelf units. Much of its
work comes down to optimising drive dynamics to
produce the desired characteristics, be it a smooth
flow in a critical medical situation, ultra low noise
for pumps in home and office installations, or the
guaranteed extra long life of pump in inaccessible
locations. 

The cyclic nature typical in many pumps’ operation
tends to induce torsional oscillations in the drive
shaft, which can have a significant adverse effect
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on performance if unchecked. CAP has recently built
a new test station based on Sensor Technology’s SAW
sensors, and it is proving it’s worth time and time
again. Advantages of SAW techniques include a broad-
er signal bandwidth than other analogue based tech-
nologies and elimination of electronic interfer-
ence. As CAP found, it often also proves far lower
cost, simpler to use, is more reliable and has a wider
operating range than contact alternatives. 

Currying flavour

Real time process control for food manufacture in-
volves characterising the flow and mixability of high-
ly non-Newtonian fluids. TorqSense transducers
monitoring the constantly changing flow charac-
teristics of materials as diverse as tomato ketchup,
chocolate, pasta sauce and chicken tikka massala
as they are mixed.

Many manufactured food is presented in a sauce
or as what physicists could describe as a neo-liq-
uid and can be produced in a process-type environ-
ment. But to date real time control has been virtu-
ally impossible due to the non-uniform nature of the
food, which may contain particulates, fibres, veg-
etables, meat, nuts, raisins, biscuits etc.

To achieve real time control the TorqSense has to
be able to detect the changes with sufficient sen-
sitivity, yet be robust enough for regular wash-
downs and general industrial abuse. Of course it must

not compromise hygiene standards and regimes ei-
ther. The device has been found to meet all these
requirements and is being used in by a number of
food processors. 

Often the key requirement is to mix sufficiently to
achieve a uniform dish, but not to waste time and
energy by over-mixing. This can be done by mon-
itoring the torque on the mixer’s shaft, as it will move
to a steady state (within the characteristics of the
given recipe) once fluid uniformity is achieved.

Mixing

A TorqSense is helping analyse recipes’ mixing
properties in a project that could slash development
costs in the food and plastics industry and help nan-
otechnology advance in the pharmaceuticals world.

Research and development is being carried out at
the University of Bradford to develop a miniature
mixer (5-25 grams batch) that incorporates a set of
integral instruments to monitor the properties of ma-
terials as they are being mixed. The instruments work
in real time during the mixing process and their out-
put is captured to a PC for analysis. Software is be-
ing written so that the analysis can be performed
simultaneously with the mixing and perhaps even
used to interactively control the mixer itself.

One of the key parameters to be measured is the
torque of the mixing element, as this will become

constant once mixing is complete. This is measured
by a TorqSense non-contact sensor that offers the
development team the great advantage of not re-
quiring complex and delicate slip rings, making the
mixer easier to build (and rebuild between trials) and
far more robust in operation.

The Mini Mixer development and validation is the
result of a three year EPSRC sponsored programme
of research. The results of this research are ex-
pected to have a major impact on formulation of
viscous mixes and scale-up of extruders. Tradition-
ally recipes for formulating say specific coloured plas-
tics for consumer products are developed in 25 to
50kg batches, mixed in an industrial scale twin screw
compounder. Several batches may be required be-
fore the recipe is finalised, so the cost and time in-
volved can be considerable. 

Clearly the development of a smaller mixer is ad-
vantageous, but the laboratory device must be
able to duplicate mixing in the larger scale and guide
design and operation of large machines and that is
what the research programme has achieved. The fact
that the technology will transfer to the plastic in-
dustry and other soft solid sectors means it is like-
ly to rapidly recoup development costs.

SENSOR TECHNOLOGY  
SLI: enter 27875 at www.tim-info.com/pcne

May 2009 31

SLI: enter 27382 at www.tim-info.com/pcne SLI: enter 27099 at www.tim-info.com/pcne

PCNE_30_31.qxp  4/21/09  10:47 AM  Pagina 3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.03000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.03000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 550
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00417
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (GWG_GenericCMYK)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /NLD ([Gebaseerd op 'MagazineAds_1v3_IND4'] Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (GWG_GenericCMYK)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (GWG_2400)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /WorkingCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14173.229 14173.229]
>> setpagedevice




