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Overview

Liquid Handling Robot systems oftentimes use peristaltic pumps to deliver reagents and other
fluids to test sites. Although some smaller volumes of liquid can easily be delivered by plunger-style
syringe pumps, larger liquid volumes often use peristaltic pumps (as long as the Dynamic Viscosity
is below 5000 mPa-s (5000 Centipoise)), because they have much higher displacement volumes
and the mechanical system of rollers and motors is not exposed to the liquid itself. However,
peristaltic pumps also exhibit a pulsating flow behavior!23 associated with the squeezing of the
roller-wheels against the liquid tubing. The resulting unstable flow rate can lead to problems in
precise liquid volume delivery, since the delivered liquid volume can show some dependency on
the location of the rollers at the end of the commanded rotation of the pump.

Fortunately, the flow rate fluctuations are very predictable because the mechanical system of the
rollers is known, and some simple calibrations can be used to create a velocity adjustment loop for
the pump that results in a much more even flow rate. Another option is to use a fast flow rate
sensor that outputs a signal that is proportional to the flow rate. A compensation loop that
compares the actual flow to a desired setpoint allows a control system to compensate in real-time
for flow rate variations.

This paper will demonstrate the statistical differences in delivered volume with and without an
adaptive control system and the resulting higher accuracy that can be achieved.

Introduction

Peristaltic pumps are commonly used to deliver larger amounts of liquid to a site where the liquid is
needed. A typical peristaltic pump (Figure 1) consists of a pump housing, a spinning rotor driven by
amotor/encoder, typically 3 or 4 rollers, and a flexible section of tubing. The rollers compress the
tubing while rotating thereby moving pockets of liquid from intake to outlet. The advantage of
peristaltic pumps is that only the tubing is in contact with the liquid. The disadvantage is that the
discrete pockets create an unsteady flow rate (Figures 5a and 5b), resulting in difficulty delivering
small, precise volumes of liquid. In higher-end peristaltic pumps, a Brushless DC (BLDC) motor
with a quadrature encoder and Hall sensors is typically used. A BLDC motor/encoder lends itself
well for a more sophisticated controls approach as shall be discussed in this paper.
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For large volumes of liquid this may
not matter since there are many pump
rotations involved, but for smaller volumes this effect becomes important. Figure 3 demonstrates a
control mode wherein encoder signals are fed back to a velocity control loop which is regulated by
avelocity setpoint and Hall signals are fed back to a current control loop. The velocity loop outputs
atorque command to a current loop (Pl controller) and a Field Oriented Control (FOC) scheme
which generates a PWM signal as an input to the amplifier. When one of the rollers starts
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Figure 1. Peristaltic Pump Control Schematic

compressing the tubing (or starts releasing it) the velocity changes and the torque delivered by
the motor is changed as well, resulting in a more even rotor rotation. Depending on how “stiff”
the controller is this will result in a fairly even velocity of the rotor and thus in even liquid
delivery. Figure 4 is an enhanced version of the controller in Figure 3, wherein a flow
compensation loop is added to the control scheme. This results in a system wherein the
increases and decreases in flow from the rollers compressing the tubing is part of the feedback in
the control system, thereby making the system stiffer than the controller in Figure 3 that is not
aware of the actual flow rate changes. Motor
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Figure 4. Flow (and Velocity) Loop Mode

Method

In our experiments we used an FPU 500 pump from Omega coupled with a BLDC motor with
Hall sensors and a 2,000 count (500 line) quadrature encoder. The controls were provided by a
Performance Motion Devices
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on board amplifier. The Juno IC was running
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Figure 5a. Open Loop Voltage Mode
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Figure 5b. Open Loop Voltage Mode - Frequency Analysis
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Figures 5a and 5b show the measured output of the open loop Voltage mode measurements.
Figure 5a shows large variations in actual flow and Figure 5b shows that the dominant
frequencies are around 0.5 and 2.1 Hz, corresponding to the motor rotation frequency and the
roller rotation speed respectively.

Figure 6a and 6b show the same measurements for the Velocity Loop mode in Figure 3. As can
be seen from the figures, the variations in actual flow rate are significantly reduced, and mainly
the motor frequency (0.5 Hz) is no longer showing in the flow signal, although the variations
caused by the rollers (2 Hz) are still clearly visible.
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Figure 6a. Velocity Loop Mode Figure 6b. Velocity Loop Mode - Frequency Analysis

Figure 7aand 7b we show the results of the controller in Figure 4, which adds the outer control
loop for flow to the velocity loop. As can be seenin the figures, the variations in flow are further
reduced as are the peaks in the frequency spectrum.
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Conclusion

Figure 8 summarizes the above results and also looks at the standard deviations of the
measurements. As can be seen in the figure, the standard deviation in the actual flow was
reduced from 513 mL/min to 90 mL/min—an improvement of more than 5X. The control modes
described in this poster lend themselves well for low flow operation of peristaltic pumps if the
controller adds at least a

velocity/FOC loop but can Velocity ~ VelocityLoop  Flow Loop
be improved even further Mode Mode Mode
i o Velocity (counts/second) 1086 991 1199
with the addition of an Velocity (RPS) 0.54 0.50 0.60
outer control loop that Roller Frequency (Hz) 16 15 18
integrates an actual flow Velocity Standard Deviation 661 306 267
sensor. Current Standard Deviation 0.389 0.470 0.469 :|
Flow Standard Deviation 513 127 90
Dom Frequency 1 (Hz) 1.68 1.44 1.68
Dom Frequency 2 (Hz) 0.48 0.48 0.72

Figure 8. Results Summary

0 0|00



References

1. Jozsef Klespitz, Levente Kovacs, SAMI 2014 « |[EEE 12th International
Symposium on Applied Machine Intelligence and Informatics, January 23-25,
2014, p191-194.

2. M. Misra, “The basics of hemodialysis equipment”, Hemodialysis International,
vol. 9, pp. 30-36, 2005.

3. C.Jacobs, C. M. Kjellstrand, K. M. Koch and J. F. Winchester, “Replacement of
Renal Function by Dialysis”, Springer, Netherlands, 1996.

Acknowledgements
The author would like to thank Application Engineer Mr. Thomas Keller for setting
up and performing the measurements during the experiment.

PERFORMANCE Performance Motion Devices, Inc.
MOTION DEVICE 1 Technology Park Drive

oTio CES Westford, MA 01886 USA
MOTION CONTROL AT ITS CORE Tel: +1.978.266.1210

Email: support@pmdcorp.com

pmdcorp.com

©2019 Performance Motion Devices, Inc.

Junois atrademark of Performance Motion devices, Inc. All other trade names
and company names are the property of their respective owners.
PST1901K(f2)v.1/01-19

PERFORMANCE
MOTION DEVICES

MOTION CONTROL AT ITS CORE

Improving Liquid Handling
Pumping through
Optimized Feedback

SLAS2019 Poster 1074-E

Peter Vandermeulen MSc. MBA
Thomas Keller MSc.
Chuck Lewin





<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (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.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


