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Overview 

Implementation of a power quality program relies on an effective and efficient process to review 
and analyze data, and generate suitable reports. Existing power quality analyzers may offer a 
reporting tool [e.g. – the Report Writer software included with the Reliable Power Meter (RPM) 
Power Analysis Software (PAS)]. However, these automated analysis tools are often limited in 
terms of diagnostic value, data presentation flexibility, and depth of analysis.  

This paper discusses the challenges of implementing a large (300-400 sites annually) power 
quality monitoring program, and offers techniques and solutions to reduce the cost and increase 
the quality of the resulting reports and analysis.  

The program upon which this is based uses RPM power analyzers, and many of the examples 
herein use the RPM data extracted from the PAS software. However, most of the techniques, 
processes, and report philosophies can be translated to the data obtained from other 
manufacturers’ power quality measurement devices. 

 

Background 

In early 2002, PowerLines began working with a major medical imaging equipment service 
organization to provide analysis services for the organization’s fleet of power quality analyzers. 
Data is collected for 2-5 days during installation of new equipment, as well as at existing sites 
that are experiencing problems potentially related to power quality. In addition to power quality 
data, the service organization collects environmental data (temperature and humidity) at multiple 
locations within the equipment suite.  

Data is transmitted electronically to PowerLines, where an analysis is done and a report 
generated. This report is then forwarded to the local installation / service personnel, as well as 
collated on a national basis to track trends and help identify systemic problems.  

Prior to the start of this project, a typical power 
quality report using RPM data took approximately 
4 hours to analyze and generate a formal report 
(customized, one-time report).  

At this project began, basic economies of scale 
and automation resulted in a 2-hour report time.  

In 2003, a reassessment of customer requirements, 
combined with improved automation (templates, 
macros, etc) has dropped the report time to 1 hour 
(power quality & environmental) and 0.75 hours 
(power quality only) 
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Logistics 

As the program developed, it became 
evident that dealing with a large number 
of files (data, reports, spreadsheets) as 
well as a large number of sites might 
become problematic. 

To keep things organized, each new site 
was assigned a unique site number [Site 
375, Site 376, Site 377…] and an 
individual folder was created to locate 
all site data. A spreadsheet was also 
developed to log in site data, track 
completion, and facilitate billing and 
process monitoring. This tracking 
spreadsheet has grown to include data 
analysis functions, so that we can 
review the quality of data (completion, 
length of monitoring period, problems 
with set up or parameters) as well as site 
power quality (sags, transients, ground current, etc.)  

Initially, data and reports were transmitted primarily via email. However, it soon became evident 
that some monitor data sets, as well as some of the working spreadsheets and documents, 
exceeded 5 Megabyte (MB) in file size, which often caused problems for mail servers. At 
present, a dedicated File Transfer Protocol (FTP) site has been set up to permit large data files to 
be transmitted easily in the case of large files. 

Final reports are generated in MS-Word. However, in order to reduce file size and ensure proper 
formatting / document integrity, the reports are converted to Adobe Acrobat (PDF) format in 
order to transmit to the service organization.  

With the large number and site of files generated in this program, data management, archiving, 
and storage become issues. At present, data is saved on a primary analysis computer as well as a 
mirrored server, and site folders are backed up to multiple CD-ROMS, which are stored at 
PowerLines and are also mailed to the client for storage on their internal servers. 

At present, with an average folder size of approximately 20 Megabyte (MB) per site, and 400 
sites reviewed annually, the total storage capacity required is 8 Gigabyte (GB) per year.   

 

Report Philosophy: Increased Quality and Reduced Cost 

As this program has developed, and grown to a large number of reports, consistent improvements 
have been made in report speed and quality through the use of process automation. The rest of 
this paper introduces the types of automation and process techniques that have facilitated this 
cost-effective power analysis program.  
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Data Presentation 

Default graph full-scale settings are often not optimized for best diagnosis. Here are a few 
examples of optimizing data presentation to enhance diagnostic value of the report.  

   

Standard RMS graph is plotted with a 0 – 500 V scale 
(based on 480 VAC nominal) 

With a scaling of 400 – 525 VAC, RMS behavior is much 
more clear – changes in RMS level as well as  

sags / swells are clearly evident. 

  

Disturbance summery graphs typically have a  
0 – 400% of nominal full scale. 

Rarely is a full scale in excess of 200% required, 
 and disturbances are much more clearly plotted. 

  

Voltage waveforms default to all phases,  
and 65 msec full scale. 

Selecting a single phase and zooming in to see just  
two cycles makes waveform distortion more clear. 
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Templates 

An important part of the improved efficiency of the reporting process has been the development 
of standard documents, or templates1, from which to develop the final report. Time spent in 
developing these templates is recovered quickly if one is generating 30-40 reports per month.  

PowerLines starts with an MS-Word document with the following characteristics and features: 

• Header Information derived from the file name (facility / site name and ID number) 

• Standard or most common comment fields or explanatory material already in place 

• Pre-formatted tables and locations for graphs 

• Spaces or slots for the maximum number of graphs / events – it’s simpler to delete extra table 
rows and comments instead of creating new ones 

• Form Field functions (blanks, check boxes, drop-down menus) to expedite site specific 
comments and analysis  

In addition to the basic Word template for the report, PowerLines uses spreadsheet / graph 
templates for Harmonics, Environmental data, and other graphs. Importing data into these 
spreadsheets results in standardized, well formatted graphs with a minimum of extra work.  

 

Macros 

Macros are small programs or scripts that can 
help to automate repetitive or complex tasks. 
Embedded into the document and spreadsheet 
files, macros have been designed to format tables, 
import data, clean and organize data files, etc. 
These macros save minutes per report, and ensure 
that data is formatted and imported in a standard 
way for every report.  

While macros can be recorded simply using tools 
embedded in Microsoft products, advanced 
Visual Basic (VB) scripting can enhance the 
power and flexibility of the macros. Files can be 
opened, charts and graphs reformatted and 
rescaled, etc.  

Each macro used saves a few seconds, a few extra 
mouse clicks, or a few keystrokes – and makes 
the reporting process that much more efficient 
and accurate.  

                                                 
1 Care must be taken to differentiate MS-Word templates (a specific file type) from the starter documents or default 
report documents called templates here, which are normal MS-Word documents (*.doc) 

Sub Import_RPM_Harmonics() 
' 
' Import_RPM_Harmonics Macro 
' Macro recorded 3/3/2003 by Unknown User 
' 
Dim wb As Workbook 
 
fileToOpen = Application _ 
    .GetOpenFilename("RPM Harmonics Export (*.rpm), *.rpm") 
     
If fileToOpen <> False Then 
   
    Workbooks.OpenText Filename:=fileToOpen, _ 
        Origin:=xlWindows, StartRow:=1, DataType:=xlDelimited, 
TextQualifier:= _ 
        xlDoubleQuote, ConsecutiveDelimiter:=False, Tab:=True, 
Semicolon:=False, _ 
        Comma:=False, Space:=False, Other:=False, 
FieldInfo:=Array(1, 1) 
     
    Set wb = Workbooks.Open(Filename:=fileToOpen) 
     
    Rows("1:1").Select 
    Selection.Delete Shift:=xlUp 
    ActiveWindow.LargeScroll Down:=1 
    Range("B67:C130").Select 
    Selection.Cut 
 
Excerpt from an Excel macro used to automate report 
writing and data graphing. 
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Microsoft Word: Table Formatting 

In general, when pasting graphs from the RPM 
Power Analysis Software into MS-Word, the 
graphic element is pasted in at 100% scaling, or at a 
scaling limited by the document width / page 
margins.  

However, if you place your graphic element into a 
table, with pre-sized cell height, width, and cell 
padding, and be sure that the Automatically Resize 
to Fit Contents box remains unchecked, pasted 
graphs and graphic elements will size themselves to 
fit into the table, saving a number of steps and 
assuring consistency in sizing and presentation. 

A typical power quality audit might include up to 
50 individual charts or graphs – not having to 
individually resize or format these saves 
considerable time in report generation.  

 

 

At Left: 

Table cells highlighted 
in Yellow are fixed 
height and width, and 
graphics can be pasted 
in directly without the 
need for formatting or 
resizing 

 

 

 

 

Microsoft Word: Paste Format 

Pasting charts and graphs from Excel 
to Word as the default Microsoft Excel 
Chart Object will often result in large 
document file sizes. 

Paste the objects as Picture, Bitmap, or 
Picture (Enhanced Metafile) formats in 
order to reduce file size and optimize 
image quality.   
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Microsoft Word: Form Fields 

In general, any analysis text in the power quality reports is restricted to Form Fields (e.g. - Check 
Boxes, Text Fields, Pull-down Menus). These are locations or spaces where text can be pasted, 
typed in, or selected (check box or pull-down menu). Standard text can be pre-loaded into the 
form field, so that the most likely comment or analysis is already in place without having to 
retype.  

The use of these Form Fields has several benefits: 

• Standardize formatting (line spacing, table sizes) reducing the need to repaginate  

• Boilerplate text or comments can be preloaded, but replaced on an as-needed basis 

• Form Field text boxes can be pre-formatted (font, color, case, date, time, etc.) reducing the 
need to format the analysis during the processing 

• In cases where the analysis is short and can be picked from a number of discrete choices, a 
pull down menu ensures consistent verbiage and reduces typographical errors. 

 

 
 

 

At Right: 

The gray-shaded 
Form Field 
comments within the 
Yellow colored cells 
show the standard 
comments, which are 
kept if appropriate, 
or edited / replaced 
as needed 
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Exporting Data 

While the RPM Power Analysis Software contains flexible, useful graphing tools for data 
presentation, charting, and scaling, there are some instances where the available graphs and data 
are not optimally presented. Fortunately, the RPM software, like most power monitoring analysis 
software, has the capability of exporting data in a format (usually Tab Delimited Text) that can 
be imported into a spreadsheet. 

By standardizing on an unused file type designation (PowerLines uses *.rpm) and associating 
this file type with a spreadsheet program, we are able to simply click on one of these exported 
text files and automatically open them in the spreadsheet. This technique is useful for both the 
power monitor data as well as the environmental data. In addition, development of macros, using 
VB scripting, permits these data files to be quickly opened, cleaned up, formatted, and imported 
into pre-existing template files that contain standard graphs or tables.  

 

Disturbance Data 

Many  users do not realize that 
disturbance data can be exported 
into a text file. By exporting this 
data as a text file, and sorting by 
type, amplitude, date and time, 
and duration, transient events 
(outages, sags, impulses) can be 
isolated and incorporated into 
reports quickly (quickly formatted 
with macros). This data is 
invaluable in terms of correlating 
power problems to equipment 
error logs or anecdotal evidence.  

 

Sags and Swells 
Number Amplitude Duration Date and Time 

272 454.251 0.033 Jun 28 2004 16:08:43.744 
302 438.015 0.317 Jun 28 2004 17:41:50.329 
280 444.973 0.317 Jun 28 2004 17:41:50.324 
121 454.618 0.333 Jun 28 2004 17:41:50.274 

 
Impulses 

Number Amplitude Duration Date and Time 
31 215.874 0 Jun 27 2004 10:35:41.686 
90 380.954 0 Jun 27 2004 10:35:41.685 
150 520.638 0 Jun 27 2004 11:31:07.429 
212 190.477 0 Jun 28 2004 09:38:50.649 
71 279.367 0 Jun 28 2004 09:38:50.649 
190 342.859 0 Jun 28 2004 09:38:50.650 
372 114.286 0 Jun 28 2004 20:03:09.118 
191 266.668 0 Jun 28 2004 20:03:09.123 

EDIT | COPY TO TEXT FILE will save a list of all 
disturbances to a Tab Separated Text File 
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Extracting Event Summaries:  
Overview 

The exported Disturbance Text File as initially 
opened as a spreadsheet. The first three rows are 
deleted.   

 

Extracting Event Summaries:  
Impulse Events 
Sort the Disturbance spreadsheet by Type 
(ascending) and Amplitude (ascending) and 
impulse events (Type 4) can be easily identified, 
and copied /pasted into the power analysis report.   

 

Extracting Event Summaries:  
Outage Events 
Delete the Type 4 events, and the voltage outage 
events (Type 25) are now at the top of the 
spreadsheet, where they can be easily identified, 
and copied /pasted into the power analysis report.   

 

After deleting sag and impulse events associated 
with the impulses and with the outages, sorting by 
Amplitude (ascending) pulls out the Sag events 
(Types 26 and 30). Sorting by Amplitude 
(descending) pulls out the Swell events (Types 26 
and 30).  

Redundant or multiple event graphs for each 
occurrence may have to be deleted.  

 



COST EFFECTIVE POWER QUALITY ANALYSIS 
by Jude M. Russell 

Harmonics Summary Data 

The RPM Power Analyzer collects summary harmonics data. However, the presentation of this 
data is somewhat cumbersome – view one phase only, scaled in volts (not percentage), need to 
rescale the graph to see anything significant. This is a perfect opportunity to export the data and 
generate a more useful graph for the power analysis.  

 

  
 

It may seem that the process of exporting a text file into a spreadsheet, and putting together a 
graph is very time consuming. However, with a spreadsheet template and a macro to automate 
the text file import and data reformatting, generating this useful graph takes seconds.    

 

Average Voltage Harmonics
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Reviewing Data 

Although many events can be identified and sorted by use of the disturbance text file, several 
types of events cannot be easily identified using any of the available tools: 

• Load generated events, which are of interest in order to ascertain mains impedance and 
source capacity 

• Low frequency transients (e.g. - power factor correction capacitor impulses)  

As a result, it is mandatory to review each event graph 
to do a comprehensive analysis. For large data sets, 
with perhaps 100’s or 1000’s of individual event 
graphs, paging through these events is quite difficult 
and time consuming.  

A low-cost mouse utility, such as AUTOCLICKER - 
http://www.valiskeogh.com/ - creates a sort of “rapid- 
fire” mouse click, permitting the operator to scroll 
through power analysis data sets quickly and without 
risking repetitive stress injury.  

 

Summary 

Power quality analysis, using hardware and software by any manufacturer, can be a time 
consuming process. Automated report writing applications are a first step, but are often 
somewhat limited in terms of analysis capability and diagnostic value. A thorough, customized, 
and fully reviewed report can take many hours – often making such analysis cost and time 
prohibitive. 

Process automation – using templates, macros, and document design techniques in order to 
reduce mouse clicks, typing, and keystrokes – is a critical tool in order to bridge the gap between 
fully automated reports and fully reviewed, custom designed reports.  
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