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16.1 AC POWER DISTRIBUTION SYSTEMS 

In electricity supply systems, an earthing system defines the electrical potential of the conductors 
relative to that of the Earth's conductive surface. The choice of earthing system has implications for the 
safety and electromagnetic compatibility of the power supply. Note that regulations for earth 
(grounding) systems vary considerably between different countries. 
A protective earth (PE) connection ensures that all exposed conductive surfaces are at the same 
electrical potential as the surface of the Earth, to avoid the risk of electrical shock if a person touches a 
device in which an insulation fault has occurred. It also ensures that in the case of an insulation fault, a 
high fault current flows, which will trigger an over current protection device (fuse, MCB) that disconnects 
the power supply. 
 
International standards require that electrical installations implement two types of protection of person 
against the dangers of electrical currents.  

• Protection against direct contact with conductive parts that are intentionally live. This 
protection is provided by barriers or enclosures for which the design and type define the 
corresponding IP degree protection index. 

• Protection against indirect contact with conductive parts that are not normally live but which 
may become live accidentally. This protection is provided by disconnecting the supply of power 
when the potential difference of these parts becomes dangerous. 

 
 
International standard IEC 60364 distinguishes three families of earth arrangements using the two-
letter codes TN, TT, and IT (three letter codes only for TN systems) 
 
 

FIRST LETTER SECOND LETTER THIRD LETTER 
(only for TN systems) 

connection of the Neutral earthing of the equipment protection conductor 

TT  
 

Direct connecting to 
the earth of the power 

distribution 

TT  
Connected to a local 
earth independent 

from the power 
distribution earth 

CC  
Neutral and protective 

conductor (PEN) are 
combined in a single 

conductor 

II  
 

Isolated from the 
earth 

NN  
Connected to the 

earth of the power 
distribution 

SS  
Neutral and protective 

conductor (PE) are 
distributed separately 

 



 
TT system 
The power distribution system have one point 
directly earthed: 

• the neutral is connected directly to earth 
• the masses are earthed independently of 

power earthing  
IT system 
The power distribution system is isolated from the 
earth, except that one point may be connected to 
earth through an impedance or a voltage limiter: 

• the neutral is isolated or connected to 
earth by an impedance 

• the masses are earthed independently of 
power earthing 

 

 

TN system 
The power distribution system is directly earthed: 

• the neutral is connected directly to earth 
• the masses are connected to the same 

earthing point of neutral 
TN-S 
Neutral and protective conductor (PE) are 
distributed separately. 
TN-C 
Neutral and protective conductor (PEN) are 
combined in a single conductor. 
TN-C-S 
Combination of the two above power distribution 
systems. 

 

 
 
 

16.2 PROBLEMS WITH FOUR POLE BREAKER  

The mains transformer star centre is grounded, thus the neutral has the same potential as the earth. In 
the below picture it is possible to see how a 3-pole breaker may be used to connect/disconnect the UPS. 
In this case only three phases will be interrupted; the neutral is always connected to the load. A TN 
system guarantees either the 3-pole breaker is open or closed. 
 

SitePro / SG series 
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What’s happens if a 4-pole breaker is used? 

LP series

 

 
 

 
Above, a 4-pole breaker is used and the neutral is interrupted. In this case the output will change from 
TN into IT system. This is dangerous nearby user safety and safety of the connected load. This type of 
breaker is used in many electrical systems and it is very important to prevent any unsafe situation.  
 
How is it possible to avoid this problem? 
 
 

 
 

LP series 
 
 

SitePro / SG series 
 

SitePro / SG series 
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By adding an INPUT BYPASS TRANSFORMER a TN system is maintained whilst a 4-pole breaker opens 
the neutral of the electrical source. With this transformer a new neutral is created. For SitePro & 
SGseries UPS, this TX is fixed on the bypass line because the rectifier can operate without neutral and 
normally the UPS works in VFI mode (rectifier + inverter) thus there will be no losses added by the input 
transformer. For LPseries this transformer must feeds both rectifier and bypass (input neutral conductor 
is mandatory for LP rectifier). 
NOTE: INPUT TRANSFORMER STAR CENTRE MUST BE STRONGLY CONNECTED TO THE EARTH !!! 
 
 
What’s happens if a load phase fault to earth? 
 
 
Case 1: 3 pole-breaker used (SP & SG) 
 
 
 

 
 
 
 
 
In the above picture, due to an internal isolation problem, one load phase faults to earth. Following the 
red line it is possible to note that a loop is achieved. Thanks to the neutral-earth connection, current can 
flow through the inverter output transformer star centre and reach the line fuse. This will cause a high 
current to blow. Using a strong neutral-earth connection and a properly size fuse, will guarantee safety. 

Mains transformer      UPS           Load 

3-pole breaker Output fuses 

Inverter transformer 

LP series 
 



Modifications reserved Neutral systems – V1.0 - Page 7/9

APG_016_NEUT_SYS_XGB_V010.pdf UPS Application Guide 

Case 2: 4 pole-breaker used (neutral disconnected) (SP & SG) 
 

 
 
Opening a neutral conductor by a four pole breaker, means the current cannot flow trough the circuit; 
therefore the fuse doesn’t blow. UPS will continue to work whilst a critical safety condition is in action. 
 
 
Case 3: two load beside fault to earth 
 

 
 
Above the risk of achieving an IT system is shown with a simple picture. In case another device (not 
strongly earthed) near the first one fails to earth, and the operator is touching both, an electrical shock 
will occur.  
 
Note: using a four pole breaker upstream a transformerless UPS (LP), the system behaviour will be the 
same as SP or SG. The only one difference is that LP could be switched off automatically due to the fact 
that batteries central point will lose zero reference. 

The figure explain what’s happen during a 
opening or closing of neutral conductor. The 
voltage level between neutral and heart can 
increase up to 100V. This system behaviour 
could switch off all the sensitive equipment 
(Radio/TV equipments) connected to the UPS 
output. 
 
 

 

Mains transformer      UPS           Load 

4-pole breaker 

The device is not 
strongly earthed 
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16.3 PROBLEMS BY CONNECTING OUTPUT NEUTRAL TO THE EARTH 

To connect the output neutral conductor to the earth is strongly prohibited, a UPS failure high risk can 
occurs. It’s also not allowed to perform the same connection before the UPS. Neutral conductor must be 
fixed to earth only in the mains distribution transformer. 
 

 
 
The above picture represents an example of system distribution where the output UPS neutral is been 
connected to the earth conductor. We need to consider that inside our UPS, neutral conductor is 
common with both input and output connections. Supposing that neutral system line point “A” has a 
higher impedance respect point “B”, all the neutral current of the remaining circuit will flow to the 
internal UPS neutral and will close the circuit to the earth. This means that UPS internal neutral 
conductor could burns and damages the UPS. 

Output UPS neutral 
connected to the earth 

A 

B 



 

16.4 UPS NEUTRAL REQUIREMENT 

 
- Our UPS are designed to operate supplied by a: TN power distribution system with a solidly 

grounded neutral. 
 
- Our UPS use the same neutral for input and output connections. 
 
- A three-pole protection device shall be used as UPS input protection devices. 
 
- UPS input neutral shall be not interrupted to avoid IT distribution system when battery mode is 

operating. 
 
- In case of a 3-wire distribution without neutral, a local neutral shall be realized by adding an 

UPS input bypass transformer . 
 

- It’s possible to install a UPS in a  TN-C system (neutral and earth connected). 
 

- EN and IEC standards recommend: 
o for standard user safety (protection against direct and indirect contact), the max voltage 

difference between PE and Neutral shall never exceed 50Vac rms. 
o for user safety in critical ambient (outside or humid rooms), the max voltage difference 

between PE and Neutral shall never exceed 25Vac rms. 
 

- For UPS application we have tested: 
o up to 2Vac rms: no problem for UPS and all kind of criticals load 
o from 2Vac rms to 5Vac rms: possible (rare) problems for UPS and very critical loads 
o more than 5Vac rms: should never be accepted! 

 
- To achieve an IT system, a 

delta/star transformer is 
needed. The output UPS neutral  
conductor is not used.  

 
- The transformer star centre will 

recreate a new neutral isolated 
from the earth. 

-  
 

- It’s strongly prohibited to connect neutral and earth conductor together to the UPS output 
(it’s only allow for SitePro and SG series used as frequency converter) 

 
- SP and SG rectifiers can work without neutral conductor (neutral conductor is mandatory for 

bypass). LP models must have input neutral to both rectifier and bypass. 
 

- Inside UPS cabinet neutral and earth conductor are not connected together. 
 

- For all our UPS: internal Neutral wiring rating is two times the phase current. 
 
 
Before a UPS purchase, carefully check your electrical plant. 
 
 

Modifications reserved Neutral systems – V1.0 - Page 9/9

APG_016_NEUT_SYS_XGB_V010.pdf UPS Application Guide 


	16 NEUTRAL SYSTEMS
	16.1 AC POWER DISTRIBUTION SYSTEMS
	16.2 PROBLEMS WITH FOUR POLE BREAKER 
	16.3 PROBLEMS BY CONNECTING OUTPUT NEUTRAL TO THE EARTH
	16.4 UPS NEUTRAL REQUIREMENT



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /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 false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /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.)
    /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 <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 5.669290
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


