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ABSTRACT 

In this paper, examples of existing AMR systems and IT 
integration solutions are described. Use cases for LV 
neutral fault management is specially covered. In order to 
illustrate the capabilities of the current AMR meters for 
neutral fault indication some laboratory test results are 
presented. 

INTRODUCTION 

The primary role of AMR (Automatic Meter Reading) 
systems is to provide real time energy consumption data for 
the utility, but the cost of retrofitting the existing energy 
metering system may not be justified if the meters are used 
merely for reading energy consumption data. AMR offers 
two-way communication to the customer site, which makes 
it possible to enlarge on-line monitoring also to the low 
voltage (LV) networks. This enables alarms on exceptional 
events, e.g. network faults and voltage violations, and here 
meters can also have some protective functions adding the 
safety. The use and integration of AMR in network 
operation can be seen as an extension of SCADA and 
distribution automation to the low voltage level as shown in 
Figure 1. Low voltage network management includes 
functions for example to indicate and locate faults, to 
provide accurate interruption data, to monitor voltages at 
customer sites in real-time and provide power quality 
information for customer service.  
 

 
Figure 1. Using AMR system in network management [1] 
 

SMART METERS AND AMR SYSTEMS 

LV voltage network management using the integration of 
AMR and DMS (Distribution Management System) offers 
quite new possibilities also LV network operation, asset 
management, customer service and other functions [1,2,3]. 
Fault management processes are here of great interest. 
 
Smart energy meters measure  voltage values in every 
three phases. Alarms based on abnormal changes in 
voltages are generally in use. In neutral faults, for instance, 
voltage asymmetry can be monitored by comparing 
measured voltage levels and their differences. If some 
values exceed limit values, the meter can send alarms. 
 
In Elenia Oy (earlier Vattenfall Distribution Nordic 
Finland) one major step utilizing AMR has been to integrate 
AMR data collection system with Distribution Management 
System (DMS). This is called AMR-DMS integration. The 
main functionality of the network fault management process 
can be divided into the next two parts, automatic alarms and 
status queries. Integration also enables status queries from 
DMS to the meters. A query can be sent manually or 
automatically to one meter or group of meters. After meters 
have sent spontaneous alarms e.g. about a neutral fault, 
alarms are shown on the DMS screen. After receiving 
spontaneous alarms, DMS sends queries to other meters in 
the same area. 
 
Another example is Koillis-Satakunnan Sähkö Oy where  
development projects were realised for developing a 
comprehensive technology solution of the new functions of 
AMR and related information systems for low voltage 
network monitoring and management. The aim was to 
combine new-generation energy meters, data 
communication solutions and distribution management 
systems into an entity with an open architecture according 
to Figure 1.  Aidon’s AMR system supports communication 
solutions which enables real time events to be sent 
spontaneously from AMR meter. Polling all the meters from 
the reading system would be too slow. [1] 
 
An advanced AMR meter works as an intelligent 
monitoring device and utilizes the communication 
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infrastructure to provide spontaneous event or alarm 
information to the control centre with vital information on 
low voltage network faults and voltage levels. The meter 
includes algorithms to inference the existence of a fault and 
the type of the fault. The most interesting events have been 
blown LV fuses, a broken LV conductor (line or neutral), a 
wrong phase sequence, a broken MV conductor, power 
frequency over-voltages and power frequency 
undervoltages. In certain cases, e.g. when a neutral 
conductor is broken, the advanced AMR meter could even 
automatically isolate the customer from the network. This 
requires a specific switching device which can be integrated 
into the advanced AMR meter. 
 
With AMR meters faults can be perceived and identified 
immediately and located automatically which enable to 
guide field staff directly to the fault site. Based on AMR 
data control centre have a real time snapshot from faulted 
area at the field. This is essential for the optimized 
allocation of needed work for fault isolation, repairing and 
distribution restoration. With a reliable snapshot, the scope 
of faults is under control which intensifies remarkably 
operations at control centre level. 
 
Being able to solve problem situations during a customer 
call is seen as a huge improvement in customer service. In 
the best case, the fault has been repaired before the 
customer has even noticed it. In cases of any emergency, 
the immediate disconnection of voltages can help in 
preventing human and material damages.  
 
When, DSO have selected a service concept for the AMR 
delivery this makes business environment more complicated 
than in the case of system delivery. All AMR related 
services require a comprehensive integration of operational 
work and IT systems of the DSO and service provider. This 
is a challenging situation not only to the DSO and service 
provider, as Empower IM Oy, but also to their 
subcontractors. After the identification of neutral faults, for 
instance, meters send alarms to the Empower IM’s IT-
service environment, which delivers it immediately to the 
DSO’s Distribution Management System (DMS). DSO 
delivers a SMS message to inform the customer about the 
fault and related repair time. DSO can also activate meter 
inquiries to study the status of the customer sites and to 
carry out fault location in more detail. After the fault repair 
customer sites are connected to the LV network. Also 
customers are informed about the connection and fault 
related other information. DMS stores all disturbances to its 
database to be utilized, for example, compiling network 
disturbance statistics or in constant compensation. 

Needs of new functions of AMI based systems 
In the assessment of the profitability and of the benefits of 
AMR pure energy reading will be only one component. 
Benefits are sought out from the development of network 
operation and planning, demand side management (e.g. load 

control and dynamic tariffs), and customer service. [2]  
 
New functionality for AMI (Advanced Metering 
Infrastructure) systems can be roughly divided into two time 
periods. They are short term and long term development. 
Short term development includes possibilities what can be 
realised with today’s AMI generations where, for example, 
meter hardware set limitations for more advanced 
applications. Long term development includes also meter 
hardware evolution. Even if the willingness is to increase 
the intelligence of meters also better conclusions in the 
upper level IT systems are possible. This is one essential 
part of short term development and long term investigation 
will focus more in the metering equipment to specify 
needed hardware features for the next generation AMI.  
 
At the moment network operation process can benefit 
especially from more efficient LV network fault 
management, as the detecting, locating, isolating and 
reporting of LV faults can be done much more effectively 
than in traditional manners.  

NEUTRAL FAULT MANAGEMENT   

During a neutral fault situation, the impedance of the neutral 
circuit is increased by a conductor break or by a bad 
connection.  Such neutral fault will cause voltages to float 
as higher or lower depending on the unbalance of the loads 
in the system. This is illustrated in Figure 2 where the 
shifting of the neutral point is seen. This type of fault 
condition causing any too high overvoltage may damage 
equipment connected to the supply and problems with 
safety protection occur. Risks both to humans and 
properties exist. 
 

 
Figure 2. Neutral voltage shift during a neutral fault 
 
While current AMR systems make possible to detect neutral 
faults there is a need for further development. Present 
meters can usually detect neutral faults if a phase voltage 
rises up enough or voltage asymmetry raise abnormally high 
as is simulated in Figure 3. Also such neutral faults appear 
where phase voltages remain in between normal limits but 
can cause danger later on. Such faults should likely be 
recognized, too. Also in normal state unbalanced loads 
cause voltage asymmetries as is shown in Figure 3 and 
these should be taken into account as a limiting factor so 
that too strict set limits do not cause too many unwanted 
alarms. Reasonable rapidity of alarms is of course essential. 
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One need is automatic switch off after a meter observes a 
dangerous situation. A general description of a neutral fault 
detection process is presented in Figure 4. 
 

 
 

Figure 3. An example of voltage asymmetries caused by 
neutral fault and load changes 
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Figure 4. A general description of a neutral fault detection 
process 
 
In case of a neutral fault, customers are advised to turn main 
switch open to avoid even lethal risks. When any phase 
voltage increase high enough happens often damages to 
customer’s property which must be compensated by 
utilities.  
 
An important research question is that how neutral fault 
situation should be managed in more advanced way. There 
an ideal use case for neutral fault management utilizing 
testing environment in the laboratory based on experience 
from formerly projects is essential. After “ideal” methods 
are determined it can be compared to present AMR systems 
to find out what is possible to do utilizing already installed 
meters and IT systems.  

Application development with present metering 
equipment 
Ideal use case for neutral fault management might be 
independent of any equipment or manufacturer. For several 
utilities it is also beneficial to complete use case study 
focused on the equipment used in a utility. Current 
generations of AMR meters have limitations to handle e.g. 
neutral faults and therefore it has been interesting to study 
what is possible to do with different AMR meter types. 
 
One of the most important features of present AMR meters 
is that their software is remotely programmable which 
enables adding new functionality or changes to the meter 
behaviour in different situations. For example in Elenia Oy 
one full scale meter software upgrade has been completed. 

The upgrade was done to implement new features to handle 
in a more advanced way especially voltage asymmetry 
situations. Anyway installed firmware limit possibilities and 
new features must be possible to realise with current meter 
hardware. 
 
However, essential is to find out both how neutral fault 
management can be further developed using current meter 
hardware and what is possible to do in IT system based on 
metered data analysis. Purpose is to determine how neutral 
fault management could be utilized more effectively before 
installation of the next AMR generation meters which 
should have lot more advanced metering features for 
different fault situation including neutral fault detection and 
protection functions.  

METER TESTS AND ANALYSES 

In order to evaluate the capabilities of the AMR meters 
some laboratory tests have been carried out by using Real 
Time Digital Simulator (RTDS) environment at the 
Tampere University of Technology. During simulations the 
AMR meter behaves here as it would be in a real 
distribution system. Network voltages are simulated by the 
RTDS and are forwarded through amplifiers. Amplifiers can 
be used to raise the voltages and currents to the levels of the 
normal operating levels of the AMR meter. If any fault or 
exceptional event is simulated, then the AMR meter can 
sense voltage changes in real-time. All the three tested 
meter types are used by Finnish companies.  
 
Essential settings during the neutral fault tests are shown in 
Table 1. Tested fault cases and some results are presented in 
Figures 5 - 9. 
 

Meter A  
Neutral fault Highest voltage > 253 V and  

lowest voltage < 218 V 30 s 
Overvoltage  
set limit 

Voltage > 248 V 30 s  
or > 240 V 600 s 

Undervoltage  
set limit 

Voltage < 170 V 30 s  
Or < 207 V 600 s 

  
Meter B  
Neutral fault or 
asymmetrical 
voltage 

Highest voltage > 112% of the average  
of the voltages or lowest voltage < 75%  
of the average of the voltages 600 s 

Overvoltage Voltage > 253 V 600 s  
Undervoltage Voltage < 184 V 600 s  
  
Meter C  
Neutral fault Two voltages > 253 V and one voltage  

< 190 V 10 s 
Overvoltage Voltage > 253 V 10 s 
Undervoltage Voltage < 207 V 10 s 

 
Table 1. Set values during the neutral fault tests 
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Figure 5. Phase voltages,neutral shifting points and alarms  
during a neutral fault test 
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Figure 6.  Locations of neutral shifts and alarms 
 
Meter B  
Green or blue circle: 

Alarm generated 
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Alarms will not be generated 
 
 

Alarms based on neutral fault or asymmetrical voltages 
are included. 
If overvoltage alarms are added, black area is as in Figure 6. 
 
Figure 7. Locations of neutral shifts and alarms 
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Figure 8. Locations of neutral shifts and alarms 
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Figure 9. Locations of neutral shifts and alarms 
 
Based on Figures 5 - 9, by using present smart energy 
meters neutral faults can be detected rather 
comprehensively. Here results in Figures 5, 8 and 9 show 
also that voltage level alarms can indicate further possible 
faults than only the actual neutral fault alarms when set 
limits are adequate.  
 
Thus it is essential to understand that exceptional low or 
high voltages can be caused also by neutral faults in spite 
that neutral fault alarm limits are not exceeded. Therefore at 
least the overvoltage and undervoltage alarms should be 
analysed rather carefully with sufficient expertise and 
methods. In the alarm analyses, also exact numerical 
voltage values can be quite useful. These can be sent 
already with alarms or can be acquired by some additional 
queries.  
 
REFERENCES 
 
 [1] P. Järventausta, A. Mäkinen, K. Kivikko, P. Verho,, 

M. Kärenlampi, T. Chrons, S. Vehviläinen, P. Trygg, 
P. & A. Rinta-Opas, 1997, Using advanced AMR 
system in low voltage distribution network 
management. CIRED, 19th International Conference 
and Exhibition on Electricity Distribution, 21-24 May, 
2007, Vienna, Austria 4 p. 

 
[2] N. Löf, M. Pikkarainen, S. Repo, P. Järventausta, 

2011, Utilizing Smart Meters in LV Network 
Management. CIRED 21th International Conference 
on Electricity Distribution, June 2011, Frankfurt, 
Germany 

 
[3] S. Antila, J. Kuru, V. Maksimainen, 2011,  Integration 

of AMM Functionality into Operating Systems of 
Electricity Distribution Company for LV Network 
Fault Management, CIRED 21th International 
Conference on Electricity Distribution, June 2011, 
Frankfurt, Germany 

Left  
side 

Right  
side 



<<
  /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


