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Abstract— Passive static dissipators such as needle bars, static brushes, tinsel strands, ion-
izing cords and ionizing rods provide cost effective static control for many industrial applica-
tions. An assessment matrix includes eight criteria including electrical performance and me-
chanical durability to consider when selecting an appropriate dissipator. A method for as-
sessing the electrical performance of passive dissipators is to mount the dissipator above a 
metal plate. The output current of the dissipator is measured as a function of plate voltage. 
These I-V measurements show that the output current of passive dissipators is zero below a 
threshold voltage. Analysis shows that the dissipator current increases with the square of the 
plate voltage above the threshold voltage. Better passive dissipators have lower threshold 
voltages and have higher output currents above the threshold achieved by having a larger 
number of sharper tips or needle points. 

I. INTRODUCTION 
Controlling static in web conveyance operations has been a challenge at least since 

1904 when a wire electrified with alternating, high voltage was claimed to remove static 
from paper or yarn [1]. Static dissipators are broadly divided into two categories, active 
and passive [2]. Active static dissipators have power supplies to energize sharp pins or 
wires that generate corona ions. Many active static dissipators or “static bars” are com-
mercially available. The installation for a typical application can cost several thousand 
dollars for the static bar, cables, power supply and controller. 

Passive static dissipators such as static brushes, needle bars, tinsel, ionizing cords, and 
ionizing rods are cost effective alternatives. Passive static dissipators have no power sup-
plied. To operate, passive dissipators need only to be connected securely to electrical 
ground. They generate corona ions by intensifying the electric fields induced by static on 
the charged “targets.” The installation costs of passive dissipators for typical applications 
cost only a few hundred dollars for the dissipator, mounting hardware and ground con-
nection. 

When choosing a static dissipator, cost and performance are the first considerations. 
Also consider durability, sensitivity to contamination, installation geometry, operator 
convenience, maintenance, and service life when selecting a dissipator. 



Proc. 2016 Electrostatics Joint Conference 2

II. DISSIPATOR SELECTION MATRIX 
Table 1: Summarize selection criteria 

 Selection  
Criteria 

Tinsel 
(baseline) 

Ionizing 
Cord 

Static 
Curtain 

Active  
Static Bar 

1 Cost 0 0 – – – 
2 Dissipation 

performance 0 0 0 + + 

3 Mechanical 
durability –  + – – + + 

4 Potential for 
contamination – – –  – – + + 

5 Installation 
geometry  
(space) 

0 + – – – – 

6 Operational 
convenience 
/ interference 

0 0 – – + 

7 Maintenance 0 0 – – 0 
8 Service life 0 + – – + + 
      

When selecting a dissipator, I recommend assessing the selection criteria with a small 
group of the people who will be impacted by the decision; a lead operator, a maintenance 
worker would will install the dissipator, the machine engineer responsible for maintain-
ing the area, and the product engineer.  

List the selection criteria and add additional criteria identified by your team missing 
from Table 1. Chose a “bench mark” dissipator that is familiar to everyone such as tinsel. 
By definition, the benchmark should be “neutral” or “0” for most criteria. Mechanical 
durability and contaminate generation are a known concerns for tinsel that I have indicat-
ed in Table 1.  

List the candidate dissipators across the top such as an ionizing cord, a static curtain, 
and an active static bar. Static curtains are fabrics made of static dissipating fibers. Static 
curtains or static blankets have been used for many years usually on unwinding rolls, 
winding rolls, or as covers for idler rollers. Several new static curtains are now commer-
cially available. 

Together with the small group of stake-holders, move down the list of selection criteria 
and assess the relative merits and disadvantages of each candidate and assign one of five 
rating in Table 2 to each selection criteria for each candidate. 

Table 2: Assessment Ratings 
Rating Comment 

– – strong disadvantage 
– disadvantage 
0 neutral 
+ advantage 

+ + strong advantage 
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The goal here is to arrive at a consensus decision. My experience is that making a 
unanimous assessment of any one criteria is unnecessary and unproductive. Rather, in the 
end, the selection matrix documents the consensus opinions of the team and helps clarify 
the decision.  

A. Cost 
Assessing cost is easy. Ionizing cords and tinsel have similar costs. The purchase price 

of an active static bars is much higher, so I assigned “– –” in Table 1 indicating a clear 
disadvantage.  

B. Dissipation Performance 
When a new or unfamiliar static dissipator is a candidate, measure the I-V perfor-

mance of the new dissipator and a benchmark dissipator for comparison prior to the se-
lection meeting. 

1) Experimental Apparatus 

 
Fig. 3: The electrified metal plate simulates a charged target. The current from the dissipator  

is measured by the current meter that is protected by the spark protection circuit. 

The performance of an ionizing cord was measured by applying voltage V to the metal 
plate in Figure 3. The measured currents IMEAS flowing from the dissipator to ground are 
tabulated in Table 4.  

Table 4: Applied Voltage and Measured Current 
VHV  
(V) 

IMEAS 
(μA) 

VPLATE 
(KV) 

VHV 
(V) 

IMEAS 
(μA) 

VPLATE 
(KV) 

0 0.0 0.00 0 0.0 0.00 
1000 0.0 1.00 -1000 0.0 -1.00 
1497 0.1 1.50 -1495 0.0 -1.50 
2020 2.5 2.02 -1997 -0.2 -2.00 
2654 11.1 2.65 -2557 -1.4 -2.56 
3240 24.8 3.24 -3034 -4.2 -3.03 
3958 46.7 3.96 -3587 -9.6 -3.59 
4769 78.2 4.77 -4161 -17.6 -4.16 
5674 118.8 5.67 -4769 -28.3 -4.77 
6903 181.9 6.90 -5546 -46.2 -5.55 

Spark  
protection  

circuit 

Dissipator  
length  

L 

Current limiting  
resistor R  
~10 MΩ 

Tip to  
plate gap  

D 

HV  
power  
supply 

Metal plate 

V 
I

Current  
meter 

Dissipator  
under test 

VPLATE 

IDISS 

IPS 

IMEAS 

ISPARK Leakage  
resistance  

RLEAK ≅ 10+12 Ω 
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The metal plate simulated a charged target near the dissipator. The leakage current 
from the metal plate to ground should exceed 10+12 Ω so that most of the output current 
of the power supply flows through the dissipator under test to ground. The tip to plate 
gap D could be varied over a range of 0 to 2 inches. 

The current meter was protected by a spark protection circuit [3] designed to be a low 
pass filter that shunts high frequency spark energy to ground. A resistor R between the 
high voltage power supply and the metal plate limits the current available to the metal 
plate protecting operator who may inadvertently touch the plate and limiting the energy 
available to sparks between the metal plate and the dissipator under test. Energetic sparks 
from the electrified plate to the dissipator under test can damage the dissipator. 

Current IMEAS was recorded as the voltage V applied to the metal plate is varied over a 
range of 0 to ±10 KV. Table 4 shows measurements for a commercially available ioniz-
ing cord having a length of 1 foot with a 0.5 inch tip to plate spacing D. The shaded plate 
voltage was calculated by knowing the applied voltage, the measured current, and the 
voltage decrease across the current limiting resistor; VPLATE = VHV – IMEAS × R. 

2) Analysis 
Corona ions having number density n, charge q and mobility b in (1) flow from the 

passive static dissipator to an area A on the electrified plate by the electric field E. 
  ( )EnqbAI PLATEDISS =  (1) 

The plate area A where current flows is determined by the design of the passive dissi-
pator and the brackets mounting the dissipator above the metal plate. A first simplifying 
assumption is that area A is a rectangle having a length L of the dissipator under test and 
a width D equal to the tip-to-plate gap. This crude, simplifying assumption is sufficient 
for order-of-magnitude analysis.  

The second simplifying assumption is that the number density of ions n in (2) is pro-
portional to the electric field E above a threshold electric field ETH. 
 ( )THE-Eαn =  (2) 

The proportionality constant α in (2) determines how many ions are produced. For ex-
ample, α would be higher for a dissipator with a large number of finer, sharper points. 

A third simplifying assumption is that the electric field E near the plate surface in (3) 
is the plate voltage VPLATE divided by the tip-to-plate gap D. 

 
D

VE PLATE
PLATE =  (3) 

The nominal electric fields near the surface of the dissipator will be much higher than 
the electric fields near the plate. However, the magnitude of the electric fields outside the 
corona discharges near the dissipator are proportional to the EPLATE. The variation in the 
electric fields with the plate voltage VPLATE is captured by (3). 

With these three simplifying assumptions, the dissipator current in (1) is (4). 

 ( ) ( )qbαK;
D
LVVKVI THPLATEPLATEDISS =





−=  (4) 
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Fig. 5: The measured I-V data in Table 1 is fit with the empirical model in a least squares sense by 

adjusting the threshold voltage VTH and constant K. 

The measured dissipator current as a function of the plate voltage for the ionizing cord 
in Table 4 were fit in a least squares sense in Figure 5 by adjusting the threshold voltage 
VTH and the constant K in (4).  

Our semi-empirical model (4) fits the ionizing cord measurements having standard er-
rors less than 5 μA. The dissipator current for positive polarity is much higher than the 
currents measured for negative polarity. So, the data was fit using different coefficients 
for positive and negative plate voltages. 

For positive plate voltages, negative ions flow from the dissipator under test to the 
plate. The threshold voltage VTH-POS is lower (better) than VTH-NEG. Additional work is 
needed to understand why negative corona has a lower threshold voltage than positive 
corona at the ionizing tips of the ionizing cord. 

KNEG is higher (better) than KPOS by ~3X. From (4), KPOS and KNEG include the mobili-
ties of ions moving from the dissipator towards the plate. The difference between KPOS 
and KNEG may be due simply to the difference in ion mobilities. We expect KPOS to be 
larger than KNEG because the mobility of negative ions in air (~ 2.2×10–4 m2/V-s) are 
higher than for positive ions (~ 1.6×10–4 m2/V-s) [4].  

The lower VTH-POS and large KPOS indicates that the passive dissipator produced more 
current when the voltage applied to the metal plate was positive. The passive dissipator 
will perform better when target carries positive charge. This is apparently a characteristic 
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of all passive dissipators that distinguish them from active ionizers that produce nearly 
equal currents for positive and negative applied voltages [5]. 

C. Mechanical Durability 
Mechanical durability is important in industrial applications. The factory floor envi-

ronment requires durable designs and installations. The bristles on tinsel are prone to 
being compressed when the tinsel is handled during installation and during machine 
cleaning and job set-up operations. Once compressed, the bristles generate fewer ions 
and the electrical performance of tinsel suffers. Ionizing cord are much more durable. 

Static curtains are typically installed to touch unwinding rolls, winding rolls, or mov-
ing webs. Touching causes wear concerns raising mechanical durability issues.  

Active static bars are usually located 2” to 6” from moving targets so contact is a non-
issue. Some commercially available static bars have rugged fiberglass exteriors with 
epoxy cast parts making them very durable in manufacturing environments.  

D. Potential for Contamination 
Consider two separate contamination issues. The first issue is that some dissipators 

generate contaminants. Tinsel strands break over time and may contaminate the product. 
If this is important, then tinsel has a known problem warranting a “– –” rating in Table 1. 
While an ionizing cord is much less likely to generate contaminants, it may wear by in-
termittent contact with the target and shed fibers warranting a “–” rating in Table 1. Ac-
tive static bars have clearly superior performance, so I assign a “+ +” rating in Table 1. 

The second issue is that some product (filter media, food packaging, medical devices) 
are sensitive to airborne contaminants. To minimize the deposition of airborne contami-
nants, static charges on the target must be maintained as close to zero as possible. Active 
static bars are required for products sensitive to airborne contaminants because passive 
dissipators always leave a threshold level of charge on the target. 

E. Installation Geometry 
The installation geometry determines, in part, the neutralization efficiency of the dissi-

pator. Static dissipators should be installed so that the charged target is closer to the dis-
sipator than all other grounded metal objects. For web conveyance applications, static 
dissipators should be installed on free web spans approximately midway between idler 
rollers. However, some production machines are congested leaving little room for the 
installation of a dissipator. With tinsel as a benchmark, ionizing cords are smaller and 
require less room (positive rating). Active static bars are typically larger and require 
more room (negative rating). 

F. Operational Convenience / Interference 
Listen carefully to comments by operators and maintenance personnel about how in-

stalling a static dissipator may impact operations such as threading a machine, changing 
products, and cleaning. Passive dissipator performance increases when they are installed 
closer to the charged target. This usually means that they have higher impact on opera-
tions. They are simply more often in the way making them more prone to damage and 
removal. 
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G. Maintenance 
Dissipator maintenance depends on the cleanliness of the operation. Active static bars 

installed in clean room require very little maintenance. Ionizing cords installed near sol-
vent coater may need to be replace often. Again, listen carefully to the comments from 
maintenance personnel and machine engineers. 

H. Service Life 
My experience is that passive static dissipators have a service life in the range 3 – 12 

months. This depends on the installation. For example, intermittent contact with the tar-
get shortens life. The active service life of active static bars is in the range 5 – 15 years. 

III. CONCLUSIONS 
When selecting a static dissipator for a specific application, cost and performance are 

important criteria. I suggest assessing the selection criteria with a small group of people 
who would be impacted by the decision. A selection matrix may be used to guide the 
discussion. The dissipator current measured as a function of plate voltage quantifies per-
formance. Dissipators with higher currents perform better. Also consider the sensitivity 
of the application to contamination. Passive dissipators can generate contaminants. And, 
passive dissipators leave a threshold amount of static on the charged target that attracts 
airborne contaminants. For some, sensitive applications, active static bars must be used 
and passive dissipator should be prohibited. Operational issues such as interference with 
operator task, maintenance, and service life should be included in the selection. 

REFERENCES 
[1] William H. Chapman, “Method of Removing Static Electricity from Paper, Yarn & O,” US Patent 

777,598, December 13, 1904. 

[2] K. Robinson and W. Durkin, “Electrostatic Issues in Roll-to-Roll Manufacturing Operations,” IEEE Trans. 
on Industry Applications, Vol. 46, No. 6, pg. 2172 − 2178, November / December 2010. 

[3] K. Robinson and J. J. Coleman, “Spark Protection Circuit for Measuring Current in High voltage Cir-
cuits,” Journal of Electrostatics, vol. 63, No. 3 – 4, pg. 285 – 296, 2005.  

[4] N. Bradbury, “The Absolute Values of the Mobility of Gaseous Ions in Pure Gases,” Phys. Rev., Vol. 40, 
Issue 5, May 1932.  

[5] K. Robinson, “Static Dissipator Neutralization Efficiency,” Static Beat | pffc-online.com, Jan. 3, 2014. 
 



<<
  /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


