Energy efficiency I

Shield regulator protects against

energy loss

Alberto Castoldi* describes a Variable Shield Regulator, its application in the glass
furnace process and the energy savings it can obtain.

oltage variation is required in a

number of industrial and

laboratory purposes and one of
its main applications is in the boosting
system of a glass furnace.

The introduction of a booster system
in glass furnaces solves many problems
in the furnace itself. These include
improved movement of silica, improved
temperature control of the process in the
base and, consequently, an increase of
production.

The boosting system has a large
voltage and current range because the
system must work in different
conditions: With cold silica (high
voltage, low current) and hot silica (low
voltage and high current).

For this, the regulators have a larger
dimensional power with respect to the
rating power required.

The process is continuous and, for this
reason, requires a maximum level of
safety and a minimum level of
maintenance during its campaign life. A
Variable Shield Regulator (VSR) is the
best solution to obtain the result
described above.

How it operates

The regulator consists of a magnetic core
with two windings connected in series
wrapped in the opposite direction
(winding A and B).

The supply voltage feeds the two
opposing windings in series; the variable
voltage output is taken from the
junction of the two windings and the
terminal of the winding B.

A secondary winding (C) closed in
short circuit and without any electrical
connection with the outside world, can
move up and down.

The effectiveness impedance of
winding B depends upon the position of
the shielding winding C and will vary
smoothly from small value when C is
adjacent to B, to a large value when C is
adjacent to A. The impedance of the
winding A changes conversely in a

similar manner. The impedance of
winding A will be at its maximum value
when the impedance of winding B is at
its minimum value and vice versa.

The voltage across the individual
winding A and B depends upon their
relative impedance varies from nearly
zero to a large proportion (even more
than 100%) of the supply voltage.

From this system (basic principle), it is
possible to achieve other circuits: Three-
phases, three/two phases and booster
systems. It 1is possible to obtain
realisations that satisfy customer

demands, including any type of
configuration, output voltages and
output currents.

It is possible to achieve medium
voltage regulator, low voltage regulator
and high current regulators.

The study regarding the parameters of
the VSR was made during years of
collaboration with a University Research
Department and Laboratory.

The study also allowed the control and
optimisation of the operation with
devices that make the machines
electrically equivalent and higher than
actual usage. The VSR system is patented
by Stem Trafo.

Advantages

The advantages of VSR compared to

standard regulators are due to its

physical concept.

A possibility to make a regulation only
moving a winding, without any contact
inside, leads to the following
advantages:

B There are no contacts subject to
consumption. The moving of a shield
winding is realised by a simple
mechanism, which is reliable and
with no maintenance necessary
during the life of the regulator.

B The absence of skids or rollers allows
the overload of the regulator. The
rollers or skids have a low thermal
time constant. If the current increases
in respect to the rating value, the
point of contact skid-winding
immediately becomes hot. In the VSR
the overload is similar to the standard
transformer. With fans around the
transformer it is possible to increase
the power by approximately 20%. It is
possible to work with a different duty
cycle according to the time constant
of the regulator itself.

B For the same reason the VSR can
withstand the short circuit (in the old
standard regulator the moving
contact will be instantly damaged).

B During regulation there are no
electric sparks as usually happens
with standard and traditional
regulators.

Flexible
The VSR is flexible regarding the volt
and the ampere range. This makes it
possible to manufacture regulators with
low current (for example 40kA) or high
voltage (theoretically, for example
130kV/0-130KkV).

This is difficult with an old standard
regulator because the realisation of
moving contact is hard or impossible in
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the limit of the range (volt-ampere). For
this reason with the VSR it is possible to
study and realise boosting system
solutions, referred to in the value of the
old standard.

The VSR can work at full power
between the nominal secondary volt
and half of it. In this range, the nominal
and dimensional power of the regulator
is the same. In traditional regulators, it is
necessary to double the dimensional
power in respect to the nominal one to
obtain the same result.

The VSR is similar to a reactor so there
is no magnetic saturation in case of over-
volt on the line.

Finally, because the realisation of the
windings in the VSR is made with
standard copper plate, and the core is
the same as the standard transformer,
the cost is cheaper compared to standard
regulators.

Overdrive

In a booster system within a glass
furnace, the output voltage varies from a
value Vn to a value 0.2 Vn, but in reality
the glass furnace has different needs.
Usually, for 95% of its working life, it
works with voltage values between 75%
and 50% of the maximum voltage

. The leakage flux - diagram: (L] No load
operation Middle and (R]: On load operation.

required and the maximum current can
be ascribed mainly to this range.

An overdrive allows the system to
optimise the efficiency.

As when a speed of a car is constantly
on the highway and the overdrive gear
enables a considerable saving of fuel, so
the system overdrive allows significant
savings on overall losses of the regulator.

In practice, it changes with off load

tap changer (operating by hand without
voltage), the voltage range from 0.2Vn
to Vn, to 0.15Vn to 0.75Vn.

With overdrive there are two results:
First, the current in the primary of
regulator, at 0.75Vn, is the 75% of rated
current, with a significant reduction of
electrical losses in the winding, second,
at 0.75%Vn, the regulator shall be a
maximum and the shield regulator has
maximum efficiency in this position.

The system allows overdrive in the
performance of the regulator with
savings of losses amounting to 15 - 20%
(depending on secondary voltage), so
increasing the efficiency of the system
and consequently saving energy costs.

The dimensional power of VSR with
overdrive is the same as nominal power,
in most cases. The maximum current
can be twice the size without changing
the construction.

The constructive flexibility allows the
energy requirements to be obtained in
an optimal way. [l

*Chief Engineer Consultant, Stem Trafo,
ltaly.

Email: info@stemtrafo.com

Website: www.stemtrafo.com

Glass International October 2012




<<
  /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 /Tags
  /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 true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


