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Continuous
level sensor
functions
accurately in
dusty
environments

A concrete production plant
installs a continuous level
sensor in a cement powder silo
and a fly ash silo to
continuously monitor each
silo’s material level in real time.

Valley-Batavia LLC, head-
quartered in Shorewood, Ill.,
operates a concrete produc-

tion plant in Montgomery, Ill., that
can load two concrete mixer trucks si-
multaneously, each with a different
concrete mix. In the past, the plant
used point level sensors to indicate
the material high levels in its silos
holding cement powder and fly ash,
two of the concrete ingredients. Oper-
ators manually kept track of the mate-
rial amount discharged from each silo
to calculate the material’s low level.
Then about 2 years ago, a supplier of
various monitoring instruments
talked to the plant about installing a
continuous level sensor in the cement
powder and fly ash silos to continu-
ously monitor each silo’s material
level in real time during both refill
and discharge. Since the company
had had previous positive experi-
ences using the supplier’s equipment
in other applications at other plants, it
decided to install the sensors.

Filling the concrete mixer trucks
When the company fills a concrete
order, a concrete mixer truck first pulls

into one of the Montgomery plant’s
two loading stations. About 70 percent
of the required water is filled into the
truck’s rotating mixing drum, followed
by the required amounts of dry materi-
als (cement powder, fly ash, sand, and
rock). Each dry material is transferred
from its respective storage area to the
loading station in a predetermined se-
quence. The remaining 30 percent of
the water is then added, completing the
concrete mix. The driver exits the load-
ing station and activates the truck’s ro-
tating drum, which mixes the water
and dry materials together during
transport to the work site. The plant is
designed so that two trucks can be
filled with 8 to 10 yards of dry materi-
als about every 21⁄2 minutes.

The plant stores the cement powder in
two 325,000-pound-capacity silos
and the fly ash in two 135,000-pound-
capacity silos. When a silo runs low,
an operator calls for tanker trucks to
deliver more material to the plant.
After a tanker truck pulls into the
plant’s off-loading station, it’s con-
nected to a pneumatic conveying sys-
tem that transfers the material from
the tanker truck to a silo’s top in about
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The continuous level sensor’s electronics, which are protected by a NEMA
4X (IP66) aluminum housing, are installed on top of a silo.
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30 minutes. The plant typically refills
the cement and fly ash silos at the
same time the cement powder and fly
ash are being discharged into the con-
crete mixer trucks.

Experiencing difficulties
maintaining inventory
The plant found that it could only use
point level sensors in the silos to indi-
cate a material’s high level and alert
the operators to shut down the pneu-
matic conveying system. Fred
Thompson, the company’s operations
manager, says, “The cement powder
and fly ash have very fine particles,
and they create excessive amounts of
dust inside the silos during refill,
making it difficult, if not impossible,
for us to use standard noncontact
radar or sonar sensors to accurately
measure a material’s height at the
same time a silo is being refilled.”

The plant’s method of manually mon-
itoring the material amount dis-
cha rged  f rom each  s i lo  and
calculating the remaining material
amount was cumbersome. “This
caused problems if the operator’s
math was wrong or if he calculated
the numbers for the wrong silo, be-
cause then we had a situation where
there was less material in a silo than
the numbers said,” Thompson says.

“When that happened, we faced the
possibility of having to shut down a
loading station if we couldn’t get
some tanker trucks to the plant to re-
fill the silo. To prevent this, we’d look
at the next day’s orders to see how
much material we’d be using, then
we’d order the tanker trucks based on
that usage amount. But a day can
change because of weather or other
factors, and more material might end
up going out than we planned for.
Then we’d have to scramble to call
more tanker trucks, which isn’t a very
efficient way to run a plant.”

Finding another sensor
technology
In fall 2005, Andy Bowman, chief ap-
plication engineer at Monitor Tech-
nologies, talked with Thompson
about a new continuous level sensor
technology the supplier had recently
acquired that could help improve the
Montgomery plant’s silo-refilling
process and make it more efficient.
Monitor Technologies LLC, Elburn,
Ill., supplies level measurement in-
strumentation to a range of powder
and bulk solids industries.

“Andy told me that the new sensor
can continuously monitor a material’s
level in a silo even during refill,” says
Thompson, “and he wanted to install

To indicate the silo’s material level, the roof-mounted sensor produces
microwave pulses that travel down a 34-foot-long flexible stainless steel
probe to the material’s top surface and are reflected back to the sensor.

a sensor in the plant’s cement and fly
ash silos to show me that the dust gen-
erated during refill wouldn’t affect the
sensor’s ability to function properly.
If they worked, the sensors would
make it easier for our operators to
schedule silo refills because they’d al-
ways know the material level without
having to do any calculations. So I de-
cided to install a sensor in each of the
silos.”

The continuous level sensor
The Flexar continuous level sensor
consists of a NEMA 4X (IP66) alu-
minum housing that contains the sen-
sor’s electronics; a 34-foot-long,
8-millimeter-diameter, Type 316 stain-
less steel, flexible cable (called the
probe) with a bottom counterweight;
and a remotely mounted monitor with
a panel meter that displays the material
level inside the silo and can be installed
up to 4,000 feet away from a silo. The
probe is connected to the housing’s un-
derside. A two-wire cable connects the
sensor’s output to the remote monitor.
To install the 4-to-20-milliamp sensor,
an operator first makes a small hole in
the silo’s top about 20 inches away
from the silo’s side and lowers the
probe, counterweight first, through the
hole so that it hangs freely down into
the silo. The probe’s length is specified
so that the counterweight hangs about
20 inches above the silo’s bottom. The
operator then uses flanges to mount the
sensor housing over the hole on the
outside of the silo’s top, creating a seal
that prevents water or dirt from getting
into the silo. 

To indicate a material’s level inside
a silo, the guided-wave radar
sensor uses a principle known as
time domain reflectometry (TDR).

Before activating the sensor, which is
virtually plug-and-play for most ap-
plications, the operator follows the in-
stallation guide and makes the
necessary minor adjustments to the
sensor’s operating parameters. This
includes setting the sensor to the com-
pany’s preferences, such as to indicate
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percent full or percent empty or to in-
dicate the material’s height with 0 feet
being at the probe’s bottom and 34 feet
being at the probe’s top or vice versa.
The operator then turns on the sensor,
which is designed to operate continu-
ously without requiring readjustments
or recalibrations. The information the
sensor captures is displayed on an
easy-to-read LCD screen located at
the sensor or on the remote monitor.

To indicate a material’s level inside a
silo, the guided-wave radar sensor
uses a principle known as time do-
main reflectometry (TDR), in which
the distance between a point on the
probe and the sensor is determined as
a function of the time required for a
signal to travel from the sensor to the
point and back again to the sensor. In
operation, the sensor produces mi-
crowave pulses that travel near the
speed of light down the probe. Upon
reaching the material’s top surface,
the pulses are reflected back to the
sensor at an intensity dependent on
the material’s dielectric constant.
(The sensor is manufactured so that
few if any setting adjustments are re-
quired when used in the majority of
applications with materials that have
a dielectric constant of 2.0 or greater.)

“For example, after the sensor initi-
ates a pulse, it only takes about forty
milliseconds for the sensor’s elec-
tronics to process and output the
pulse-reflection data,” says Joe
Lewis, vice president of marketing
and sales at Monitor Technologies.
“So  in  one  second ,  the  sensor
processes numerous pulse reflections.
However, the sensor doesn’t update
the display that frequently because it
processes the data to create an aver-
age reading — called signal smooth-
ing — that’s updated on the display
about every second.”

Improving inventory
management
Installing the new continuous level
sensors in the cement and fly ash silos
has enabled the Montgomery plant to
improve its operating efficiency. “The
sensors allow the operators to moni-

tor the material levels in the silos in
real time, displaying the information
on the remote monitors as both per-
cent empty and percent full,” says
Thompson. “All the operators have to
do is glance up at the monitors that are
mounted on a nearby wall to immedi-
ately know how much material is left
in the silos. They no longer have to
keep track of everything and manu-
ally calculate the remaining material
amounts. This has improved our abil-
ity to line up tanker trucks in advance
to refill the silos, which has made it
easier for us to maintain adequate ma-
terial levels in the silos at all times.
And, more importantly, I no longer
have to worry about mistakes happen-
ing or the plant running out of cement
or fly ash. In this business, where you
don’t know what you’re going to get
hit with on any given day, you need to
know exactly where the material lev-
els are in the silos so you always have
enough material on hand.”

The sensors accurately monitor the
cement and fly ash levels in the silos
during both refill and discharge.
“Even the dust generated during refill
doesn’t affect the sensors’ ability to
indicate the material level inside the
silos,” says Lewis. “With some sen-
sors, you have to periodically stop the
refill and let the dust settle before you
can get an accurate reading. But these
sensors continuously deliver an accu-
rate material-level reading regardless
of the conditions inside the silo.”

The sensors accurately monitor the
cement and fly ash levels in the silos
during both refill and discharge.

The plant still has the point level sen-
sors installed in the silos just in case
something goes wrong during the re-
fill process. “However, we haven’t
had to use them in more than two
years because we’ve never had any
problems with the sensors — they’re
not even affected by the weather,”

says Thompson. “They’re easy to in-
stall, require little to no maintenance,
and are user-friendly and easy to op-
erate. At this time, I’m in the process
of requisitioning two more sensors
for the Montgomery plant and four
sensors for another plant. We’re just
waiting for approval.” PBE

Note: To find other articles on this
topic, look under “Level detection” in
Powder and Bulk Engineering’s Arti-
cle Index at www.powderbulk.com or
in the December 2006 issue.

Monitor Technologies, Elburn, IL
800-601-6302
www.monitortech.com

The remote monitors allow an op-
erator to know the exact material
level inside a silo without having
to perform any calculations.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /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.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /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 true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 30.002399
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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 [612.000 810.000]
>> setpagedevice


