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Safety Information

Safety Notice

Please read this before installing the GuardiarmMe Guardian™ recorder contains dangerous volegsd
during operation. Do not disassemble the recorder.

THERE ARE NO USER SERVICEABLE PARTS INSIDE.

Do not install or operate near open bodies of water

The Guardian™ is intended for use with a stand&dn2ter base, with the appropriate revenue metggph into
the meter base.

Wear protective gloves and safety glasses atadigiduring installation and operation of the GuardY'.
If possible, disconnect power during installation.

If the green ground clip is damaged or detachdtPé4l for a replacement.

Do not install the Guardian™ if the green grourigd chnnot be attached to earth ground.

When removing an installed Guardian™, always cotepleemove the revenue meter before attemptirrgriwove
the recorder from the meter socket.

The USB port is electrically isolated from the 120¥ line. However, to ensure user safety and presamage to
the unit, plug only the supplied Guardian™ USB eabhto this port. Plug the other end of the comitations
cable into a USB port.

The Guardian™ contains a lithium battery for memuoaigkup and a nickel metal-hydride battery fordrgttride-
through. These batteries are not user-replaceable.

Follow all applicable regulations concerning disdas batteries if the Guardian™ is discarded,atum the unit to
the factory for disposal.

Although the Guardian™ has been designed andtouilé as safe as possible, great care should beisee at all
times during operation and installation. Follow tHational Electric Code as well as any local sapebcedures at
all times.

SIGNAL INPUTS WARNING
AWARNING

- ® Use extreme caution when wiring signal input connéions. Hazardous potentials may
B exist on signal input terminals, which are floating with respect to instrument ground.
These hazardous potentials may be exposed insidestimstrument case and on the
Connectors of your instrument. Any voltage potentl at the signal source will exist on
the instrument's respective signal input cable.
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Contents of the Guardian™
Package

The Guardian™ has been packaged with the followargs:

- Guardian™ meter socket recorder

- CD-ROM containing latest versions of ProVision™taafre, WinScan™, and all
documentation

- USB communications cable

- A sealing ring to secure recorder to a meter base

If any of these items are missing, please call ivhediately at 1 (800) 296-4120. The CD-
ROM includes the latest version of ProVision™, Wia8™, example data files, and
documentation for the software and all PMI recasderAdobe Acrobat® format, Acrobat
Reader®, and the latest firmware for all PMI reersd

Contents of the Guardian™ Package
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Introduction

Power Monitors Incorporated (PMI), an industry-leadproduct design and manufacturing firm
based in Mt. Crawford, Virginia, specializes in bfipg advanced technologies to develop state-
of-the-art power quality recording solutions fosidential, commercial, retail, institutional,
industrial, and substation applications. Sinc871%ve have worked directly with electrical
utilities and their customers to identify and addra wide array of power quality concerns. We
pride ourselves in delivering leading-edge reca@erd software that are as easy to use as they
are affordable. Our 24/7 technical support is iastly rated "best in the business."

Dedicating ourselves to this high standard of qualve have developed the Guardian™ meter
socket recorder. The Guardian™ combines the paolyéeichnologically-advanced analysis
capabilities of our other recorders with the speciteds of single-phase meter base
applications. We developed the Guardian™ metetetaecorder specifically to diagnose and
record power quality issues at the revenue méibe unit plugs into any standard 2S meter
socket to measure and record voltage, current, pdva@emonics, and more, detecting outages,
sags, swells, and flicker.

We created the lightweight and rugged Guardian™ watur needs in mind. It is perfect for
analyzing electrical power issues at the consumezll After looking through this manual and
using the Guardian™ meter socket recorder, pleastact us if you have any questions about its
operation or if you have any ideas for new featwresdditional products. Total customer
satisfaction is our primary goal, and we apprecatg input to help us develop products to meet
your future needs. We are always available tousisdqiow PMI can help you meet your power
monitoring needs.

Introduction - 7



Getting Started with the
Guardian™

Figure 1 — The Guardian™ Recorder

The Guardian™ meter socket recorder, seen abdvigime 1, is an electronic recording device
which plugs into a standard single-phase 2S meige.bThe unit measures and records voltages
from line-to-ground on each single-phase line.eAttata has been recorded, the unit can be
connected to a computer using either its propiyate8B cable or wirelessly via Bluetooth®.
ProVision™, WinScan™, pmiScan™, or ProVision MoBfleour data analysis software, can be
used to extract the data from the Guardian™.

Identification

ProVision™, WinScan™, pmiScan™, or ProVision MoBfleean be used to identify a PMI
recorder, such as the Guardian™. Identifying thar@ian™ using software can provide you
with useful information such as the exact model eatine serial number of your unit, the
firmware version, the number of voltage and curadrannels, and any possible options that your
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unit may have. This is particularly useful wheyirig to gather as much information about your
Guardian™ as possible when requesting technicadtasse.

Initialization

The Guardian™ recorder must be initialized beferding data. This is done by either
connecting the Guardian™ meter socket recordeotw gomputer using the USB
communications cable that came with the recordevilessly with your computer, PDA, or
Field PC using Bluetooth®. See the “PC and La@ommunications with the Guardian™
Recorder” section for more information on how tontounicate with the Guardian™ meter
socket recorder using your computer. For moreil@etanformation on initialization, see the
software documentation.

Installation

Please read the safety section carefully befotallafon. Always exercise extreme caution
when installing the Guardian™ meter socket recordigerrupt the electrical service to the point
of connection whenever possible. Always wear gicwed safety glasses, as well as any
additional applicable protective equipment. Do install the Guardian™ unless you are
qualified by your utility to install and remove &we meters.

Remove the revenue meter at the installation sitegunormal safety precautions. Make
whatever notations your procedures require abausthtus and identification of the meter at the
time of removal. Attach the green ground clip (fdwon the rear of the recorder) to earth
ground, or the ground from the service drop. lh#te Guardian™ meter socket recorder in the
meter socket by sliding the blades of the recortterthe receptacles in the socket. The top of
the unit is marked with a sticker inside the frtate. If the ground clip is damaged, please call
PMI for a replacement cable. The ground 8liPST be connected for proper recorder

operation.

Use the locking ring supplied with the Guardian™ségure the recorder to the meter base.

Reinstall the revenue meter using the front ofGluiardian™ recorder as the meter socket.
Attach the clamp or locking ring you would normalige to install a meter. The Guardian™
socket should accommodate the existing hardwageurs your utility’s standard meter seal and
make any notations your procedures require abeustditus and identification of the meter at the
time of installation.

Getting Started with the Guardian™ - 9



Battery Ride-Through

All Guardian™ meter socket recorders come standéitda battery that will allow the unit to
continue to record during an outage for approxitga8® minutes. If the battery is fully
discharged, it will take approximately 14 hourstloe battery to fully charge when the recorder
is connected. Charging is automatically performgdhe Guardian™ meter socket recorder
whenever it is powered. The Guardian™ can dekbettit has been unplugged from a meter
base and will not continue to record under batpenyer if it is removed from service (as
opposed to an outage whenever it is still conn@ctbid special setup is necessary for the
battery option to function.

Downloading Data

After the Guardian™ has recorded the desired datan be downloaded using ProVision™,
WinScan™, pmiScan™, or ProVision Mobile™. The Glian™ may be downloaded in the
field using either the USB communications cabl8loretooth® with a laptop (see PC and
Laptop Communications with the Guardian™ Recordeg PMI Field PC (see Field PC
Communications with the Guardian™ Recorder), or y@y use Bluetooth® with a PDA (see
PDA Communications with the Guardian™ Recorder).

The Guardian™ will stop recording whenever it imioved from the meter socket or whenever
the recorder is placed in “Standby” mode usingveaife. Once recording has stopped, the data
is ready to be downloaded into ProVision™, WinScampMiScan™, or ProVision Mobile™. If
using the USB communications cable to download ftata the Guardian™ without removing
it from the meter base, the Guardian™ will contineeording whenever the USB cable is
removed from the unit, appending data to the eagstecording session (assuming the allotted
recording memory has not been filled). If the Gliemn™ is re-initialized, it will start a two-
minute countdown, after which it will begin recandia new session. ProVision Mobile™ or
pmiScan™ can also be used to download data frorstia@dian™ using Bluetooth®
technology (as well as ProVision™ or WinScan™ ifiytaptop computer has Bluetooth®
communications capability). Data from the Guard@ameter socket recorder may also be
downloaded later. Simply remove the unit fromtieter base and take it back to the office.
Once again, the Guardian™ automatically stops deegr(even though it has battery ride-
through) whenever it is disconnected from the mieésie. The recorded data is held in non-
volatile memory so that no data is lost.

When the Guardian™ is taken back to your officeyneet it to a PC or laptop computer using
the included USB communications cable. The gre€D Llluminates in this mode to indicate
that it is in communications mode, and ready famdloading.

The recorded data is still in the Guardian™ andlmdownloaded again even after it has been
re-initialized if you have not yet begun a new meloog session. The data is not erased until the
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end of the two-minute countdown of the next reaogdiession. For more information on how to
download data, please see the software documemtatio

Analyzing Data

See the ProVision™ or WinScan™ documentation tonlehout analyzing data recorded by the
Guardian™. This documentation is located in thetMals” section on the included CD-ROM.
Data downloaded with pmiScan™ or ProVision Mobileitst be imported into either
ProVision™ or WinScan™ to analyze.

Getting Started with the Guardian™ - 11



PC and Laptop Communications
with the Guardian™ Recorder

Figure 2 — A Laptop Computer Running ProVision™

The Guardian™ meter socket recorder can commungéteProVision™ or WinScan™
running on a desktop PC or a laptop to be idenutifieitialized, or downloaded.

The following operations can be performed usingpdp or desktop PC using ProVision™:
- Identify recorder to display serial number, firme&aersion, and any options

Initialize recorder with customized, user-seletettings

Set the date and time

Retrieve the initialization settings from a Guardta recorder
Download recorded data from recorder

To connect to the Guardian™ using your desktop Pi@ptop, you can use either the supplied
USB communications cable or Bluetooth® if your degkor laptop has Bluetooth®
communications capability. If you would like tommmunicate using USB, use the supplied USB
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communications cable that was included with youa@ian™ recorder to connect the
Guardian™ to your computer. Plug the type-A US&gpénd of the communications cable into
your computer’'s USB receptacle. Plug the otheradritie cable (a 4-pin female connector) into
the port on the bottom of the Guardian™. The isntowered through the USB connection.
The green LED illuminates to indicate that it icmmmunications mode, and ready for
communication.

If your laptop or desktop computer has Bluetootls®munications capability, or if you have
purchased a Bluetooth® USB adapter, you can contatewith the Guardian™ using
Bluetooth® wireless technology. However, the umnitst be powered either by the 120VAC
meter base or by battery ride-through (only if tbeorder and meter are still connected to the
meter base) in order to communicate. See the Br@V™ and WinScan™ software
documentation on the supplied CD-ROM for more infation on Bluetooth® and USB
communications.

WinScan'™

Pre
MW

Figure 3 — WinScan™ and ProVision™ Logos

™
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Field PC Communications with
the Guardian™ Recorder

Figure 4 — PMI Field PC

The Guardian™ meter socket recorder can communa#teProVision Mobile™ running on a
PMI Field PC to be identified, initialized, or dolwaded. The Field PC has Bluetooth®
communications capability, so you can communicatk the Guardian™ using Bluetooth®
wireless technology. However, the Guardian™ megpdwered either by the 120VAC meter
base or by battery ride-through (only if the re@rdnd meter are still connected to the meter
base) in order to communicate. See the ProVisiobild™ documentation for more
information on communicating with the Guardian™ngsihe Field PC.

Field PC Communications with the Guardian™ Recorder - 14



PDA Communications with the
Guardian™ Recorder

Get real-tinme readings
frorn Scanner

Download o initialize
a Scanner

Figure 5 — A PDA Running pmiScan™

In order to connect to the Guardian™ meter soc@&inder to selected Palm PDAs, the recorder
must have power, either from the meter base (ifélcerder is connected), the battery ride-
through (only if the recorder and meter are stlhiwected to the meter base), or from the USB

communications cable.

The following operations can be performed usingbnFPDA and PMI’'s pmiScan™ and
pmiView™ software:
- ldentify the recorder

Initialize the recorder

Download recorded data

View real-time data values

View real-time voltage, current, and power waveferm

View real-time vector diagrams

View real time harmonic content
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Once the Guardian™ is powered, make sure it iange of the PDA for Bluetooth® wireless
communications. To view real-time waveforms, vediagrams, or harmonics, open up
pmiView™. For information on viewing real-time waforms using pmiView™, see the
pmiView™ documentation on the included CD-ROM.

If you would like to view real-time data readingerh the recorder, first open up pmiScan™ on
your PDA. pmiScan™ has two modes: LDU (which stafuat “Local Display Unit”) and

Comm (*Communication”). LDU allows the user todtthrough a series of screens showing
real-time displays of the measurements that haea beabled, which may include voltage,
current, power, phase angle, power factor, disphece power factor, and harmonics. Comm
mode, however, allows you to download data oreegrisettings from the Guardian™, along
with initializing, identifying, or setting the dasnd time of the Guardian™. For more
information on viewing real-time data and commutigawith your Guardian™ using
pmiScan™, see the pmiScan™ documentation on theded CD-ROM.
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What the Guardian™ Records

The job of any power monitor is to record all irtgting data, and to not record unremarkable
data. The difficult part for a monitor is decidingpich events are important. This is the primary
problem of data reduction. A recorder that cateeery 60 Hz waveform during a week’s
recording would never miss an event, but would gmmethe user with millions of useless cycles.
Conversely, a recorder whose thresholds are setraatly may not record anything. Staying
between these two extremes involves a balanceedhblds, settings, and record types. The
monitor will see an enormous amount of data omottage and current inputs — the Guardian™
sees over 1 billion samples per day! Ideallyitai data is reduced to a small report which just
shows the important events and measurements.

The sifting of data into specific record types anptishes this task.

Triggered Record Types

Guardian™ records can be divided into two classiggered and non-triggered. Triggered
records are event driven. These record typegiggeted by a combination of triggering logic
and adjustable thresholds, usually voltage-ba#fealtrigger never happens, nothing is recorded
for that record type. As more triggers occur,Bwardian™ collects more data for that record
type. The advantage of this class is that notlimgcorded unless something happens. In the
ideal case, no problems occur, so nothing is rexhrdnd no data analysis is necessary. If a
trigger does occur, then the Guardian™ logs thatefee later analysis. This is a powerful data-
reduction tool, and can reduce huge amounts ofideda few small records containing all the
significant events. The disadvantage is that ssccempletely depends on good thresholds and
settings. A low threshold, such as 0.5%, may cthus&uardian™ to log records that are not
really worth analyzing.

These extraneous records often hide the few impbataes. Conversely, a higher threshold may
cause the recorder to ignore important disturbances

Although it is often possible to use regulatoryitsror other known standards to set thresholds,
choosing the proper thresholds can be a problateeti: sometimes you need to know
something about the disturbance before you capreper thresholds to capture it. Despite these
potential pitfalls, triggered record types are pdwletools in power line monitoring. They are
most useful for capturing voltage disturbances @maer quality problems. The captured events
are then presented in a text report. Triggeredrtetypes include power outage, abnormal
voltage, event change (i.e. event capture), sicamti change, and waveform capture.
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Non-triggered Record Types

The second class of record types is not event riidnese record types are always logging data,
regardless of how interesting, important, or uningoat the data may be. The classic example is
a paper stripchart, which continuously logs dathere are no thresholds to set, although there
may be a parameter to determine how often to dale@. The logged data is usually presented
as a graph of data points. Although there may laege amount of data, using a graph lets the
eye pick out important data. Problems such as aagswells are easy to see in the interval
graphs. In addition to voltage quality studiegstarecord types are used for finding daily trends
in current or power values, measuring power faetw, The advantage of not having thresholds
to set is that there is no question about what wdtde recorded. The disadvantage is that
sometimes much of the recorded data is unimportaat.non- power quality data such as power
factor measurement, there is no disadvantage. eTfeesrd types include interval graphs, daily
profiles, histograms, and energy usage.

Using the Guardian™

The Guardian™ can record every available record sfmultaneously. Each record type has its
own fixed memory allocation, so there is no dargdeme errant record type filling the
Guardian™ memory to the exclusion of other recgpes (for example, event capture can never
overflow into interval graph memory). Thus the iceousually is not which record types to
record, but which record types to examine. In otdenswer that question, a good
understanding of each record type is required. détails of each record type, and potential
uses, are described in the following subsections.

Interval graphs

The interval graph is one of the most useful re¢gpes. In a single interval graph, you can see
power quality events such as single-cycle voltages @and current surges, as well as long-term
voltage trends. With the graph, one can examinengine recording session at a glance.

What is Recorded

The only setting for the interval graph is the ma#8. This interval, which can be as small as one
second to as large as four hours, determines htam tfe recorder takes a interval graph data
point. Every interval graph the Guardian™ is relog uses the same interval settings. During
the interval period, the Guardian™ keeps a histditye largest and smallest one-cycle values
for each interval graph, as well as a running ayeraAt the end of the interval, the maximum,
minimum, and average values for that time peri@dracorded as an interval graph data point.
For example, if the interval is set to one minatéypical setting), at the end of each minute, the
voltage interval graph will record the average no@an-square (RMS) voltage, the minimum
one-cycle RMS voltage, and the maximum one-cycleSRMItage, all during that minute. All

of the 3600 cycles that occur during that minutewsed to calculate the average, and for
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maximum and minimum detection. For more informaim these calculations, please see
“Calculations” athttp://www.powermonitors.com/support/calculatiorn.pThese values are
presented to the user as three traces on a grapa&ximmum, a minimum, and an average. The
average trace roughly corresponds to interval gragsha graph from a paper stripchart recorder.
The maximum and minimum graphs, however, are unidtach gives the worst-case value for
every interval, with single-cycle measurement resonh.
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Figure 6 — RMS Voltage and Current Interval Graph

Each Guardian™ has at least enough memory to réctval graphs for about a month with a
one-minute interval. When the interval graph déiathe allotted memory, the Guardian™ has
two options: it can either stop recording intergedphs, or go into “wrap-around” mode. In
“wrap-around” mode, the oldest interval graph daisnts are erased to make room for the new
ones as they are collected, which allows the Gaardi to have the latest data at all times. This
choice is made by the user during the initializasetup. If the “Interval Graph Overwrite” box
is checked in ProVision™ (“Stripchart Overwrite”WinScan™), the Guardian™ will go into
“wrap-around” mode as needed, otherwise it wilpstderval graph recording when memory is
full. For example, if there is memory for four vkseof interval graphs, and the Guardian™ is
left in the field for six weeks, then it will hawgther the first four weeks or the last four weeks
interval graph data, depending on the wrap-aroetithg.

Every Guardian™ can record interval graphs of \g@taurrent, real power, reactive power,
apparent power, power factor, and harmonics magestu Typically, only a few interval graphs
are needed at one time. All interval graphs stteesame memory, so enabling more interval
graphs reduces the total interval graph recording {doubling the number of interval graphs
you wish to record will cut your total interval gitarecording time in half, etc.).

When creating an interval graph or report, any &jap the data due to a power outage are filled
with zeroes. This happens whenever the Guardias®slpower on its channel 1 input, and its
rechargeable battery runs down.

Typical Settings and Suggested Uses

There are three settings for the interval grapbnetypes. The primary setting is the interval.
This time setting determines how often the integrabh data is recorded. Since the interval
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graphs always give worst case one-cycle maximurmandanum values, the interval can be set
to any time value without a loss of measuremerdlugi®n. For example, even if the interval is
set to 15 minutes, the maximum and minimum oneeclRS values for each 15-minute period
are recorded. What is lost by setting the intetvdarger values is time information. If there is
a voltage minimum of 90V RMS during an intervalgmanterval, with the interval set to 15
minutes, you are sure that voltage dipped thatftovat least a cycle, but you do not know when
or how often or how long it happened during thatipalar 15 minute period. A smaller

interval, such as one minute, provides a finer tissdlution. The smallest interval allowed for
the Guardian™, one second, gives excellent timauwgen, but consumes memory 60 times
faster than a one-minute setting. Often, the ettaet of a voltage dip is not as important as the
size — in that case, any reasonable interval gefiifine.

The most common setting is one minute. This is@dbalance between frequent data
collection and long recording time. Since mostthat start and stop usually run for longer
than a minute, the start and stop effects (sudteatip current) are easily spotted in the interval
graph. An example is an air conditioner load: ryfoninute period of cycling on and off is
obvious in the interval graph as twenty data poattsne load current, then twenty data points at
low current, all connected by straight lines ongha&ph. The first interval of the high current
period will probably have a much larger current nraxn than the rest due to the starting
current of the air conditioner. The voltage intdrwill probably have a dip at the same time.

The most frequent reason to use an interval snihlder one minute is for large loads that cycle
on and off more frequently than one minute. Fameple, if an elevator is causing power
quality problems, and it only takes 10 or 20 sestiadstart at one floor and stop at another, a
one-second interval is probably necessary; otherwine entire elevator travel will occur during
a single interval. In this case, the Guardian™usthaot be left to record for days, since it will
only hold the last few hours of interval graph datde best use in this case is to set the interval
graph to one second, cycle the load (such as évatelr) for a while in an attempt to reproduce
the problem, and then download the data recordegtdouardian™. In general, the interval
should be smaller than the quickest cycling tima pfoblem load.

The most frequent reason to use an interval ldafgar one minute is to increase the recording
time. Setting the interval to two minutes doulilesrecording time, without a serious loss of
time resolution. Other common settings are five ifiteen minutes, used to match metering or
billing increments or regulatory time periods.

The second interval graph setting is the “Inte@edph Overwrite” mode or “wrap-around”
mode, as we discussed earlier. The best settirtgitodepends on how the Guardian™ will be
used. Some users leave a recorder at a problerardit the customer calls with a power quality
complaint. The recorder is set to a small intersath as one minute or thirty seconds, and
interval graph overwrite is enabled. Because watlegraph overwrite is enabled, the interval
graphs always have the latest few days of dataeimony, by discarding the old data. The data
from the Guardian™ is then downloaded, and hasnib&t recent days of interval graph data in
memory, no matter how long it was recording. Treisent data will most likely have the voltage
disturbance in it. Other users will disable intdrgraph overwrite, and leave a recorder at a
problem site where the power quality problem wéfiditely occur soon. The Guardian™ will
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record the first few weeks of interval graph datag then it will stop interval graph recording.
The Guardian™ can be downloaded later, knowingttif@beginning of the recording session is
locked in memory and will not be overwritten. Qtligers always download the recorder before
it fills up interval graph memory, which make tmegrval graph overwrite setting irrelevant.

The choice depends on the application in whichGhardian™ will be used. The factory default
setting is for interval graph overwrite to be emabl

The third interval graph setting allows you to ceeavhich interval graphs are enabled. For all
Guardian™ meter socket recorders, you can recerébtfowing interval graphs:
RMS voltage

RMS current

Real power

Apparent power

Reactive power

Phase angle

Power factor

Displacement power factor

Voltage THD (total harmonic distortion)
Current THD (total harmonic distortion)
Frequency

IFL (Instantaneous flicker level)

PST (Perception-short-term flicker)

The total recording time is shown by ProVision™ &khScan™ as interval graphs are enabled
and disabled during the Guardian™ initializatiotupe Another method to increase interval
graph memory is to reduce the number of recordedrdis. If only one channel is needed on
the Guardian™, changing the number of channels freonto one gives twice as much
recording time.

For quantities such as power factor, phase an¢i®, Etc., often the average is much more
important than the one-cycle maximum and minimutaes The maximum and minimum
traces on the graph may be turned off so that doelyot obscure the average trace.

Daily Profiles

Daily profiles are used to spot daily trends intagk, current, power factor, etc. The entire
recording session is combined to form the “averé&jehour day, which is plotted on a graph
like an interval graph. Power quality issues aeally not addressed with daily profiles (except
perhaps consistently low or high line voltage amimanic distortion). Rather, average line
conditions, such as regulation voltage, load curreta. are profiled.
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Figure 7 — RMS Voltage Daily Profile

What is Recorded

Each measured quantity has only one daily profileghannel in a recording session. For
example, there are two voltage daily profiles rdedrfor a Guardian™ in a recording session,
one per channel. The profile is averaged oveettige recording session. This average is
created by dividing the 24-hour day into 96 timequs, each 15 minutes long. During each 15-
minute period, the recorder computes the averalge ¥ar that profile (voltage, current, etc.).

This 15-minute average is then averaged with allpgitevious days’ averages of that 15-minute
period. For example, the first voltage daily piefiata point is the average voltage during the
15-minute period from 12:00am to 12:15am, averaggain over the entire recording time. If a
Guardian™ is recording for a week, then this 12t@0t5am period is averaged seven times over
the entire week.

There are no settings for daily profiles. All dahie daily profiles in Guardian™ recorders are
always enabled, regardless of the settings foroéimer record typesMemory does not run out
for a daily profile; it just keeps averaging asdas the recording session lasts (there is a
practical limit of about a year).

The Guardian™ records a profile for voltage, cutrezal power, reactive power, apparent
power, power factor, voltage THD, current THD, goidhse angle.

Suggested Uses

Daily profiles are typically used to profile or chaterize a parameter, such as average load
current or power factor. Since the profile is soggx to reflect average line conditions, the more
loads included in the recording, the better theay®e Monitoring a single small load such as a
small office building will not create a very goorbfile of distribution line conditions (such as
distribution line power factor), since the buildinguld be a small part of the total distribution
load. Voltage is somewhat of an exception in #miwhere can be good place to create a
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profile: every other load (at least those nearhbil)see the same distribution line voltage. The
ideal location for creating power factor profileswhere a capacitor bank would be placed to
correct power factor.

The voltage daily profile is normally used to idénvoltage regulation problems, or other
steady-state low/high voltage issues. The cupesfile can be used to identify daily trends in
load current. This is also possible with the appapower profile. Power factor and reactive
power profiles can be used to set capacitor ban&rs to correct for power factor only when
necessary during the day. The voltage and cuiifdbt profiles show when harmonic distortion
is present during the day.

The more days the Guardian™ records, the betteavbge created by the profile. A recording
session that just lasts a single day does notpacate any daily averaging at all. Since a profile
starts with all zeros, a recording session thas st even last 24 hours will include some 15-
minute blocks with the data still zeroed. A redongdsession that does not even last 15 minutes
will have all zeroes for a daily profile.

An interval graph can also be used for profilingt that is not ideal. The interval graph interval
is usually set to an interval faster than 15 misugefast interval can show too much information,
making it hard to form a good average profile. e@fthe interval graph only has enough memory
for a week or two, limiting the averaging time; thaly profiles have no such limit. Most
importantly, the interval graph does not divide tlaga into an average day period, so it can be
difficult to spot daily trends in the graph.

Cycle Histograms

The cycle histograms contain valuable power quaiifiyrmation as well as information for
distribution line profiling. Questions such as “atlwere the absolute highest and lowest RMS
voltage?”, “how many cycles was the voltage bel®@V®’, and “what are the most common
load currents?” are easily answered. The histogr@so contain the raw data necessary to
answer more complicated statistical questions sschWhat is the probability of a voltage sag
below 100V?” and “What high and low limits does time voltage meet 99.99% of the time?”
While the daily profiles give average current, povaetor, etc. for distribution profiling, the
histograms show what values are the most commannbde” in statistical terms.

What is Recorded

A histogram divides a measurement range into maws; l-or example, in the Guardian™, the
voltage histogram divides the 150V voltage range 50 bins, each one-volt wide, giving a bin
for OV, a bin for 1V, 2V, all the way to 150V. Aifteach 60Hz cycle is measured, the voltage is
rounded to the nearest volt and placed in the gpjate bin. The bins are really counters that
count how many cycles were at that voltage. If@8V bin has a count of 45, then there have
been 45 cycles with an RMS voltage of 108V sometimnéng the recording session. The
histogram does not include time information: théSecycles could have occurred anytime
during the recording session. There may have BBaycles in a row, or three 15-cycle sags, or
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45 isolated sags spread out during the entire daupisession. (To recover the time information,
use the interval graph or an event-based report.)

Guardian =

RMS Voltage Cycle Histogram Report

Start: Apr 19,2007 11:45:12

Stop: Apr 19,2007 11:56:26

Duration: 11 minutes, 14 seconds

Firmware Version: 4.38 Unit Type: Guardian
ProVision Version: 1.20 Serial No.: 47000

Circuit Type: Wye
Voltage Scale Factor: x1.00
Current Scale Factor. x1.00
Current Range 10 Amps
Interval Time: 1 cycle

Volts

DN EWN = O

0=0w
coooocoooocooooo0oO
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Figure 8 — RMS Voltage Cycle Histogram Report

Every interval graph maximum and minimum value Wwdle a non-zero count in the
corresponding histogram. For example, if the \g@taterval graph shows six sags to 108V
sometime during the recording session, there shmeilal count of at least six in the histogram at
108V. The count will probably be somewhat largeress each individual sag was only one
cycle long.

There are no settings for histograms. All avaddtiktograms in the Guardian™ are always
enabled, regardless of the settings for any oteord types.

Memory does not run out for a histogram; it justp® classifying measurements into the bins
(by incrementing the bin counters) as long as ¢leending session lasts. The neutral to ground
voltage channel on the Guardian™ records a histogvidh tenth-volt increments, from 0.0 to
90.0V.

Suggested Uses

The power of the histogram is that every cycle@uded in the report. Every cycle during the
recording session is reflected in the count of @inde bins.

If all the counts in a histogram are totaled, ttrenresult is how many cycles, the recording
session lasted (minus any time under a power outage
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Histograms are presented as a bar graph and a.réfwe report is in some ways easier to read
than the graph. The absolute highest and lowdttges during the recording session are found
by finding the highest and lowest bins with a nemnezcount. At that point, you also know how
many cycles the voltage was at those extremeshwagthncing at the nearby bins, you know
how many cycles the voltage was near those extrefasexample, if all the bins below 110V
are zero, then you immediately know that there ma@sven a single cycle of voltage below
110V anytime during the recording session. If¢bant at 111V is 1,352,200, then the voltage
was at 111V for over 6 hours (1,352,200 = (60 »@D)). By totaling the counts for all the
bins in a voltage range (for example, 0 to 1508} find how many cycles the voltage was in
that range.

More complicated power quality questions can bevansd by exporting the histogram data to a
spreadsheet. By dividing each count by the tdtalldhe counts, the histogram data is
normalized, and can represent a sample probadistyibution function. If a normal, or bell-
shaped probability distribution is fit to this dasastandard deviation is created that can be used
to answer “what high and low limits does the limdtage meet 99.99% of the time?”. A
cumulative sum over the data will convert the disttion function into a sample cumulative
probability function. Correlations between chasmen be performed by comparing the
probability functions of channels.

For the voltage histogram, the user is generatbrasted in the few cycles that are outside
certain limits, not the vast majority of cyclestthae perfectly normal. These few cycles usually
represent power quality issues.

The current, power, and power factor histogramsiaedul for distribution minute histograms
line or load profiling. For these histograms, tbe cycles at the extremes are usually
unimportant: the vast majority in the middle is guod data.

Minute Histograms

The minute histogram provides a much “smoothersiger of the cycle histogram. Quick sags
and swells are averaged out of the data, to shewdiminal voltage or current level every
minute. Voltage regulation problems are easy &ise¢he minute histogram.

What is Recorded

The minute histogram is similar to the cycle hiséwg. During each minute of the recording
session, the voltage is averaged (every cyclecladged). At the end of the minute, the
histogram bin counter for that average value issmented. The result is a histogram of one-
minute average voltages, instead of one-cycle gea For example, if the voltage were 123V
for 55 seconds, then 115V for 5 seconds, the aevarayld be 122V, and the 122V bin counter
would be incremented. If the interval graph ingng also set to one minute, then the interval
graph voltage averages will match the minute histwgcounts.
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Like the cycle histograms, there are no settingshfie minute histogram. All available minute
histograms in a Guardian™ are always recordedydégss of the settings for any other record
types. Memory does not run out for a minute histoy it just keeps classifying measurements
into the bins (by incrementing the bin countersloag as the recording session lasts. All
Guardian™ meter socket recorders will record vatagd current minute histograms.

Suggested Uses

The voltage minute histogram can reveal voltageleggpn problems. Ideally, the line voltage
should be at the same value every minute. Theladhg spread in the minute histogram, the
more the voltage is varying. The center of theagrs (hopefully) the target regulation voltage.
This information is also present to an extent m\bltage interval graph, depending on the
recording interval and amount of memory. Becabsarterval graph spreads out the voltage
averages as a time graph, it can be more difftoulauge how long the voltage was at certain
levels (although it may be easier to see why th&ge was moving). The minute histogram is
also better for this analysis because it doesurobut of memory, and is always set for one
minute averaging.

The current minute histogram shows average loagiction a minute basis. The maximum and
average load currents are easily spotted on thegnegm as the edge and the center of the current
spread. Again, this information is usually in therent interval graph, but not as easy to see.

The cycle histograms can also be used for voltagelation problems and load profiling, but the
minute histograms can be easier to read sinceaitehe-cycle events have been averaged out.

Energy Usage

The energy usage report shows the accumulatedeaatjve, and apparent power measured by
the Guardian™. The accumulated real power is gnéngkilowatt-hours. The accumulated
reactive and apparent powers are kiloVAR-hourslalogolt-ampere-hours, respectively. These
totals are for the entire recordings session, aadaly available on all Guardian™ meter socket
recorders.

What is Recorded

Each cycle, the real, reactive, and apparent poalees are computed and added to the running
totals for the recording session. These valudsidiecthe effects of voltage and current
harmonics.

Negative power values are included in the accunmuiatFor example, if a load is both
absorbing and generating power (at different tinnéspurse), the accumulated power will
reflect it. A line that varies from leading to igg power factor may have a small accumulated
reactive power reading, even though at differenes the actual reactive power flow was large.
This would happen if the negative VARs accumulatedng the periods of leading power factor
mostly cancelled the positive VARs during the pésiof lagging power factor.
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Figure 9 — Energy Usage Report

Typical Settings and Suggested Us

There are no settings for theezgyusage reportThis report can be used to measure en
consumption of a monitored load, or accumulatedtreasignificant diange power in powe
factor studies.A revenue meter that doest total negative power, or doestniaclude the
effects of harmonics, may shaweadings that differ from this repc

Significant Change

The significant change record type tracks quicktflations in the line voltage, with sin-cycle
response, while ignoring gradual changes. Volagmts are tin-stamped to the second, a
listed in a report. If the report is empty, theere were no voltage events that exceede
trigger threshold. This is a quick way to gauge tbltage power quality, because only volt
fluctuations exceeding the threst are listed.

Trigger Logic

The significant change record type uses a voltageshold parameter. At the end of e
second during the recording session, the largessarallest RMS voltages for that second
compared withhe “standard” significant change voltage. Thisidtad voltage starts as t
nominal voltage picked by the recorder during the-minute countdown (typically 120\
208V, 240V, 277V, or 480V). If the difference betn the standard voltage and eithe
maximum or minimum voltage was more than the trokkha significant change is recorded.
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addition, the voltage (either the maximum or minm)uhat caused the trigger becomes the
“standard” untilthe next significant change. As an example, ider a “standard” voltage «
119V, and a threshold of 2V. After 40 secondsMbleage drops to 118V. No significe
change is recorded because the 1V change is srialethe 2V threshol

Figure 10 — Significant Change Report

After another 35 seconds, the voltage incrs to 120V. The change is 2V, from 118V to 120
but no significant kange occurs because 120V is only 1V greater tafstandard” of 119V
After another 23 seconds, the voe increases to 121V. A significaritange is triggere
because the 1V increase created a 2Vdifferencedeetthe 121 maximum voltages for t
second, and the 119V standaithe standard voltage is now set to 121V, untilrteet
significant change.

Only one significantltange per second can be recorded per che If both the singl-cycle
maximum and minimumeet the threshold in the same second, the voltegeas furthest fron
the standard becomes the new stanc

What is Recorded

When a significantltange is triggered, the triggering voltage is rdedr along with a date au
timestamp (to the second), and the channel nu

Significant tiange is recorded separately for each voltage ehdaithough they share the sa
voltage threshold parametety. significant change memory is filledgsificantchange
recording stops. Botholtage channels use the sasignificant ©iange memory Every
Guardian™ meter socket recorcan record over one thousand recorer the Guardian™
significant dhvange is always enabled for recort.
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Typical Settings and Suggested Uses

The default setting for the significant change shiad is 3V. This setting can be as small as 1V
or as large as 8V. Normally, a threshold betweéém2d 5V is appropriate, depending on the
nominal voltage. A single-cycle disturbance, sasha sag, will trigger significant change if the
sag is greater than the threshold. If this happ#essag voltage becomes the standard, which
will trigger another significant change if the \ae returns to its previous level.

The significant change report is very useful foredmining how often, and to what degree the
line voltage is fluctuating. If there are no sigrant change records, then there were no
fluctuations greater than the threshold.

A significant change record can be correlated withinterval graph by using its timestamp.
Find the same time period in the interval grapkde what the voltage and current were before
and after. This may give some indication of theseaof the disturbance. All significant change
records during an interval graph interval will beluded in a single interval graph data point,
consisting of a maximum, minimum, and average vak@ example, if the interval is one
minute, and six significant changes occur withie amnute, they may all fall into the same
interval graph data point. (They are still reporitedividually in the significant change report).

The significant change report provides more déaih the interval graph for these disturbances.

A key advantage of the significant change repottias only one disturbance per channel can be
triggered each second. If multiple disturbancesioduring a second, the worst one is recorded.
This limits the size of the report, making it mwedsier to analyze, while still giving single-cycle
response. If event change detailed disturbancenrdtion on a cycle basis is required, use the
event change report. Event change gives much dededl, but is more complicated to examine.
The timestamp of a significant change event candeel to find the same disturbance in the
event change report for further analysis.

For even more detail, waveform capture can be (isedabled). If the disturbance triggered
waveform capture, the raw waveforms of each voltgecurrent channel can be displayed.
Again, the significant change timestamp is usefihtbthe waveform in the list of captured
waveforms.

Event Change

The event change report provides detailed cycletlieNormation about each voltage
disturbance. This is the most detailed reportlalsbg short of actually looking at raw
waveforms with waveform capture. An event is tegggd when the voltage moves past any of a
series of trip points. Maximum and minimum voltaged currents during the event, the event
duration (in cycles), and the current before anerahe event are all recorded.
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Figure 11 — Event Change Table Report

Trigger Logic

Event change triggering involves three paramet@&te first, the nominal voltage, sets a base
voltage level. This is not the same nominal vadtaglected by the abnormal voltage record
during the two-minute amtdown

The event change nominal voltage is specified byuer, and is not picked by the Guardian
The second parameter is the threshold, in\

The threshold is added and subtracted to the nonairiarm voltage trip points. These ti
pointsare created all the way down to zero volts andupé maximum recorder voltage
using multiples of the threshold voltage. For eglana nominal voltage of 120V anc
threshold of 6V would create trip points at 10298Y, 114V, 126V, 132V, 138V, c.

The voltage region around the nominal voltage dafiore any trip points (115V to 125V in t
above example) is called the nominal band. Ibleage moves from the nominal band to ci
a trip point, an event change is trigge

This event chargcontinues until the voltage either returns baté the nominal band, or mov
past another trip point. Each time the voltage @sgvast another trip point, the existing e\
change ends, and a new event change is triggditeeltrip points can be sualized as a gri
(every 6V in the above example) from 0OV to 150\e(thaximum Guardian™ voltage), and ¢
time the line voltage crosses a grid line, an eebange is triggere
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Figure 12 — Event Capture Edit Settings Window

What is Recorded

When an event change is triggered, the trigger ismecorded, with one cycle resolution. The
RMS current, one cycle before the trigger, is rdedr The direction of the voltage change, or
slope, is also recorded. This is displayed in Fsmvi™ or WinScan™ as a minus for a sag and
a plus for a swell. While the event is occurritigg Guardian™ keeps track of the maximum and
minimum current and voltage values. When the egads, the maximum and minimum RMS
voltage and currents are recorded, along with thriatobn (in cycles). One cycle later, the RMS
currents are measured to record the currentstaitezvent.

All voltage and current measurements are recordeeviery channel, regardless of which
channel triggered the event. If a sag occurs mretphases simultaneously, three events will be
triggered at the same time. These events areded@eparately, even though they may have the
same data in them.

Typical Settings and Suggested Uses

The nominal voltage should be set as close aslgedsithe actual nominal line voltage. If a
circuit normally runs at about 117V, use 117V asribminal, not 120V. Event change is not for
steady-state line voltage regulation problems (llHeeabnormal voltage report), but for quick
sags and swells. The threshold should be set emaillgh to catch problem events, but large
enough to avoid filling up memory with unimportafata. A good start is 5% of the nominal.
The nominal and threshold can be set separatelyaicn channel. To disable event change on a
channel, set its threshold to something exceptipteige, like 500V.
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The minimum event time is not as critical. Ideathis is set to just larger than the slowest
anticipated sag time. For example, if no sagshsiscfrom motor starts, etc.) will take longer
than 6 cycles for the voltage to drop to the sdgesahe best minimum event time is 7 cycles.
This will prevent multiple event changes from tlaee voltage sag. Otherwise, as the voltage
drops lower and lower, past voltage trip pointgres will continue to be triggered.

Ideally, only one event is triggered for a singig ®r swell. A typical value is 10 cycles. Thes i
longer than most sags take to reach the final sdgge.

Event change provides cycle-level detail on sagssavells. A sag which shows up only as a
single point on the interval graph can be analyrmdtie event change report. Usually, event
change is not the first report to analyze in a Giaa™ recording, due to its complexity. Check
the voltage interval graph for minimum or maximuoitages out of tolerance, or the significant
change report for voltage fluctuations. If a dibance needs further study, use the timestamp to
find the fluctuation in the event change reporeréddetailed information, such as cycle duration,
pre- and post-event RMS currents, etc. is availablee most useful values are the duration and
maximum and minimum voltages. This informationwldow long the event lasted, and how
low or high the voltage went. The cycle timestazap be useful to determine how far apart
several events were if they occurred within theesaetond. The timestamp is also used to
correlate an event change with other reports, asaignificant change and waveform capture.

The pre and post RMS current cycles can be usddtewsmine whether the load being monitored
caused a sag. Consider a sag that triggers an @vamge. If the current one cycle before the
event is low, but the maximum current during thergvs high, and the current one cycle after is
high (or at least higher than the pre-trigger aut);e¢he monitored load probably caused the
event. In-rush current from a motor start will sauhis type of pattern: the high in-rush current
pulls the voltage down, triggering an event. Whenin-rush current peak is over, the voltage
goes back up, ending the event. The final cuigeloiwer than the in-rush current, but higher
than the current before the event.

Another possibility is a voltage sag where the enirduring the event is lower than the pre-
trigger current (or about the same), and the paggdr current is about the same. Here, the
monitored load probably did not cause the evenimé&other load pulled the voltage down, and
the monitored load current dropped proportionatath the lowered voltage. When the voltage
came back up, then the current rose to its noreval lalso. ProVision™ and WinScan™ group
closely occurring event change records into sugents.

A super-event is started when an event starts prclaannel. The super-event lasts until there
are no running events on all channels for at leastntire second. A complicated voltage
disturbance may trigger several closely spacedok4o-back event changes, but they will be
grouped into a single super-event for easier arsalys

Event change is recorded separately for each wolthgnnel. If event change memory is filled,
event change recording stops. All voltage channsdsthe same event change memory. The
amount of memory used for event change is diffei@mvarious PMI recorders, but the
Guardian™ meter socket recorder can record ovettamesand records.
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Power Outage

The power outage report lists the date and tinal @futages during the recording session.
outage is defined by the Guardia to be a voltage sag below 80V, lasting for at leas-third
of a second. Only channel one’s voltage is usd¢dgger an outage. The beginning and en
the outage are timgtamped. In the report, the duration is also giadmng with the tote
number of outages and the total outage t

Figure 13 — Power Outage Report

The Guardian™ has battery ritlerough capability, s@ will continue to recorchistograms,
interval graphs, etc. during autage A power outage often triggersaweformcapture, which
may help reveal the cause of the out

Flicker

The flicker record type is designed to show voltageations that cause lights to flicker. T
Guardian™ defaults to the threshof irritation curve from IEEE Standard 141. Thig\aelis
designed to show only voltage flicker that is peseé as irritating. When this occurs, a flicl
event is recorded with the flicker time and maguhet

Trigger Logic

A flicker curve is specified by a list of allowableltage thresholds, and a limit on their quar
in certain time spans. The defaparameters conform to IEEE Standard a#4dl can be adjuste
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in ProVision™. For more information on flicker paneters see the ProVisionT™
documentation.

Figure 14 — Flicker Report

Flickeris computed once per second, based on the prestmand’s one cyclmaximum,
minimum, and oneecond averai RMS voltage levelsThe thresholds are given a
percentage. If the maximyminimum, or average differs from each other by more tha
percentage for a certain time period, then a fligkent counter is incremente If the counter
value exceeds the limit for a cert time period, a flicker record is triggered.

What is Recorded

When a licker record is created, the date and time arerdsxl, along with the number
voltage events that exceeded the tolera The time span over which the flicker occurred &
recorded.Each channel is reported separa

Typical Settings and Suggested Us

The ficker report is designed to show whether utiliagtomers will perceive voltage variatic
as flickering lights.The default curve is programmed to geneflicker events when a perss
would become irritated by the levelflicker. The IEEE also has a curve that shows wh
person would just perceive flickering lights, bat hecome irritatec The validity of thest
curves depends on individual circumstanceh as lighting (the curves assume 12
incandescent) and customer sensitiy The ficker report is used both to confirm a custot
complaint about flickering lights, and to measuregpess in mitigating a probler If no flicker
events were recorded et no voltage variations occurred which exceededatlowed limits
and the problem may have been soh Since flickering light perception is so subjectiuggrely
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showing a customer #idker report that shows no flicker according tstandard curve ay
lessen the complaint by showing that the voltagetians are within standard limi

If Flicker memory is filled, licker recording stops The amount of memory used fflicker is
different for various®MlI recorder, but every Guardian™ carcord over one thousand reco

Flickeris not meaningful on neut-to-ground voltage channels: only channels that are tee
power lighting generate meaningflicker data.

Thus, flicker is only recorded for the li-to-neutral voltage channel on tGaiardia™.

Abnormal Voltage

The abnormal voltage record type shows if the ayefime voltage moved past a low or h
threshold from the nominal valge. When the trigger occurs, the event is timmped to thi
nearest second.

Figure 15 — Abnormal Voltage Report

Trigger Logic

The triggering logic uses a low and high threshaldpminal voltage, and a trigger durati
The thresholds are addadd subtracted to the nomirvoltage to find triggering point: If the
voltage crosses a triggering point for longer thiantrigge duration, an lanormalvoltage event
occurs.

The Guardian™'s initialized with a list of potential nominal vages (such as 120V, 240V, et
with low and high voltage thresholds for ea The actual nominal is picked by tGuardian™
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during the two-minute countdown. The average galtduring the countdown is compared to
each of the nominal voltages; the closest one besdhe nominal voltage for the entire
recording session.

There are five standard nominal voltages in theasot setup (120V, 208V, 240V, 277V, and
480V), and two custom nominal voltages. The custominal voltages can be set to any
voltage. It is possible to enable and disablesthadard and custom nominal voltages. For
example, if you wanted to force the Guardian™ #® 280V as the nominal, the standard
nominal voltages should be disabled, and both custominal voltages set to 230V. If the
standard nominal voltages were not disabled, thvexdd be a chance for the Guardian™ to pick
240V during the two-minute countdown, if the lingltage happened to be running closer to
240V than 230V at that time.

The nominal voltage is chosen by the Guardian™ rag¢glg for each voltage channel. There are
separate high and low thresholds for each of thersaominal voltages. The applicable
thresholds are used once a nominal voltage isteeléy the Guardian™ after the two-minute
countdown. Voltage channels are handled separaese is a complete set of nominal voltages
and thresholds for each. The Guardian™ will auttcally select the correct nominal and
threshold voltages for each channel.

The last abnormal voltage parameter is a triggeaitchn, in seconds. This specifies how many
seconds in a row the voltage must exceed the tbigksbltage before the abnormal voltage
record is triggered. At the end of each secondhduhe recording session, the Guardian™
compares the one-second average voltage with tménaband the low and high thresholds.
Each threshold actually creates two trip pointg above the nominal and one below. For
example, consider a setup where the nominal is 12@®/ow threshold is 6V, and the high 12V.
The low trip points become 126, or 114V and 126V. The high trip points are 2@8) or 108V
and 132V. If the one-second average voltage abese 126V or falls below 114V for longer
than the trigger duration, the low abnormal volt&igger occurs. The use of one-second
average voltages eliminates false triggering duadamentary sags and swells. Abnormal
voltage is designed to trigger for average-lindagg exceptions, not sub-second events.

What is Recorded

When abnormal voltage is triggered, the date and,talong with the channel and triggering
voltage are recorded. There is a separate lifbingach voltage channel, as well as low and
high thresholds. Only the first trigger for eabheshold is recorded.

Typical Settings and Suggested Uses

The abnormal voltage report is used to determinetidr the voltage drifted outside the
thresholds during the recording session. Typic#ilg abnormal voltage report is used to get a
quick read of whether there was any line voltagk; dirso, other record types such as the
interval graph and significant change are usedrfore information.
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The default threshold settings are at 5% and 10%%eohominal voltage (for example, 6V &
12V for the 120V nominal).The high threshold must be larger than the lowstho&l. The two
custom nominal voltagesre preset at 106V and 2V, but should beltanged if a differer
nominal voltage is in use.

The default trigger duration is five seconds, aad lbe set as small as one second, or as lai
255 seconds.

Loose Neutral

The loose neutral report shows whether the ty@gaiftoms of a loose neutral have occurrt
This report is intended for sin-phase services, such as those measured by thei&uardvith
voltage channels one and two connected from limestdral

Figure 16 — Loose Neutral Report

The primary symptom of a loose neutral conditioforsone voltage leg to rise in voltage, ¢
the other to fall, with the sum of the two voltagemaining close to twice the nominal voltag
For example, if the voltages start at 119V and 12hen move to 105V and 135V, a loc
neutral is a likely cause: one leg went up, onetwlemn, and the sum is close to twice
nominal (240V). This happens whenever the loatbtalanced, and the neutra
disconnected. If this condition is met fong enough, the loose neutral report is trigg:

Trigger Logic

The loose autral logic uses three parametduration, range, and differenc&éhese paramete
are used to judge whether one voltage leg has, @sehone fallen, while the sum remained

What the Guardian™ Records

. 37



same. The difference is a voltage that specifiesitinimum difference between the two legs.
For example, with a loose neutral where the diffeesis 16V, there must be at least a 16V
separation between the two legs. The range istageothat specifies how close the sum of the
two voltages must be to twice the nominal voltager example, a range of 12V means that the
sum of the two legs must be within 12V of twice tlwminal voltage. Both the range and the
difference conditions must be met for at leastrthber of seconds specified by the duration. If
the duration is set to five seconds, then the ihiffee and range conditions must be met for five
consecutive seconds before a loose neutral ismeclaDne-second average voltages are used.
The nominal voltage is the nominal determined dytire two-minute countdown by the
abnormal voltage record type, and is typically 120\ single-phase hookup. As an example,
assume the difference parameter is 16V, and thgerafV, with 5-second duration. The two
line voltages are 119 and 121V. Then one leg mtwvé&28V, and the other to 110V. The
difference between the two legs is 18V, which méstsdifference threshold. The sum of the
two voltages is 238V, which is within the requirE2V (specified by the range value) of twice
the nominal (240V). If these voltages persistd@econds in a row, then a loose neutral record
will be triggered.

If one voltage leg changes due to heavy loadirgrainge parameter keeps the loose neutral
from false triggering. For example, if the voltagsart at 119V and 121V, then a heavy load to
channel 1 causes it to drop to 105V, with the otbgrstill at 121V, the difference condition is
met (121 x 105 > 12), but the range condition ismet: 105 + 121 = 226, and 226V is not
within 12V of the 240V nominal.

What is Recorded

The date and time of the loose neutral triggersngecorded, along with the voltage on the two
channels. Only the first occurrence of a loosenaéis recorded; if the conditions are met again,
nothing further happens. The loose neutral refluotvs whether the neutral may have a bad
connection, not the exact times the connectionmade and broken.

Typical Settings and Suggested Uses

The loose neutral report can show the symptoms afictual loose neutral connection. Itis
worth investigating if the report is triggered. Wiver, it is possible for the loose neutral logic t
be fooled. If both legs are equally loaded, tHenttvo voltages will remain the same even if the
neutral is removed. This will prevent the loosetra trigger from firing. It is also possible for
one leg to rise and one to fall due to grosslyedéht loading, and not from an actual loose
connection. Thus, it is possible for a loose radutr trigger falsely, when there is no loose
connection.

Waveform Capture

Waveform capture provides the most detailed repassible: the raw voltage and current
waveforms themselves are recorded. With cluesigeovby the waveform shapes, it is
sometimes possible to determine the cause of agmlisturbance. Events such as capacitors
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opening and closing, reclosers operating, andrigltstrikes can sometimes produce distinctive
shapes. The voltage waveforms also reveal the eéxaation and magnitude of an event, and
how much was coupled across phases.

Figure 17 — Waveform Capture Edit Settings Window

Waveform capture is also useful during steady-statelitions. The current wave shapes can
show harmonic currents from non-linear loads, &@dvbltage wave shapes show the distortion
due to harmonic currents and transformer loadib¢akes a very large amount of memory to
store raw waveforms. The memory size of a singlg@@e waveform capture record is larger
than the size of four hours of interval graph dataone-minute intervals).

Trigger Logic

Waveform capture uses a single threshold for trigge This threshold is a percentage. At the
end of each 60Hz cycle, the RMS voltage for thateeys compared with the RMS voltage of the
previous cycle. If the percent change in RMS vadugreater than the threshold, waveform
capture is triggered.

Any voltage channel can trigger waveform capturbe voltage must be at least 5V to trigger.
If a trigger occurs, the waveform data is recorded.

The trigger test is repeated every cycle, so iRMS voltage keeps changing, waveform capture
will continue to be triggered, until the voltagalstizes.

What the Guardian™ Records - 39



Figure 18 — Typical Waveform Capture

What is Recorded

When a trigger occurs, the waveform data for tlygéring cycle is recorded, along with the
date and time (to the nearest cycle). The waveftata for the previous cycle is also recorded,
to provide a pre-trigger waveform. The user cao alstomize how many pre and post
waveform cycles are recorded. Whenever a waveistniggered, all voltage and current wave
shapes are recorded, regardless of which chanasédahe trigger. The waveforms of the next
cycle are also recorded, to provide a post trigggreform. This creates a three-cycle waveform
capture record. Many users choose to record twkesyprior to the triggering cycle and six
cycles after the triggering cycle, recording nigeles total (including the triggering cycle). This
provides a good depiction of what happened justreeghe triggering cycle and what happened
immediately after. If the trigger condition is nagain on the next cycle, then an additional
cycle of waveforms is added. In general, the wanefcapture record continues until waveform
capture one cycle after the triggering stopshéfvoltage is fluctuating wildly, the entire
waveform capture memory could be filled by a venyg waveform capture record. If the
waveform capture memory is full before the endhef évent and the unit is in wraparound mode,
the Guardian™ automatically erases cycles of thigesarecord to make room for the new data.
If the unit is not in wraparound mode, it will n@icord any waveforms for events occurring after
the waveform capture memory has been filled.

The waveform data is presented as a graph anda.refhe report is usually used only if the
data will be exported to a spreadsheet.

Typical Settings and Suggested Uses

The default setting for triggering a voltage wavefaapture is 3%. With this threshold, the
RMS voltage has to change by at least 3% in aesiogtle. If the threshold is too tight,
waveform capture will trigger so often that uselegsnts overwrite the important waveforms.
You may also choose to trigger a waveform captsiegua voltage value, rather than a
percentage. The default trigger setting for thikage is 5 volts. In order to use this, simply set
the percentage setting for waveform capture higfean the voltage setting. For example, if you
would like the trigger threshold to be 5 volts etkhan 3%, simply set the percentage trigger
threshold to a value such as 100%, and the wavetapture will then be triggered by the
threshold of 5 volts, as that is the tighter caaiatr
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The default setting for triggering a current wavaias 40%. If you wish to capture more or less
current waveforms, simply set this value higheloarer. If you do not wish to capture any
waveforms based on variations in current, simptytlss percentage to a very high level, so that
it is unlikely that a waveform will ever be trigger by a current variation (the highest allowed
trigger threshold is 900%).

A waveform capture report consisting of just ongydeng record is an indication that the setting
is too small. A report where all the waveform m&tsooccurred during the last few minutes of
the recording session is another indicator of tonalka threshold. In both these cases, the
trigger was being met too often. Of course, ifwaveform records are present, either the
threshold was too large, or the voltage quality Wasgood. The optimal setting varies from
system to system.

The exact nature of a voltage disturbance can &e isethe waveform capture report. The peak
voltage, length of the sag or swell, and the cawgptirom phase to phase are easily seen in the
graph. Sometimes there are clues regarding theeaafla voltage disturbance. A voltage sag
that starts in the middle of a cycle but ends zra crossing can be produced by a gas arrestor.
The arc continues until the voltage reaches zbem the arc is extinguished. A recloser
operation usually begins and ends at random pwirttee cycle. A voltage sag that is preceded
by an increase in current, but followed by a deseda current, is usually caused by the
monitored load. If the current went down during #ag, and was steady before and after, the
sag was probably not caused by the monitored |&ath triggered event is often captured by
the significant change and event change repoft& niinimum or maximum voltage is usually

in the interval graph as well. These reports caunded to place the waveform capture record
into the proper overall context. Use the timestauiop each record type to correlate the different
reports.

A manual trigger captures the voltage and cumeveforms during steady state conditions
(unless the user happened to press the buttoe aix#ct moment of a disturbance). Transformer
saturation often shows in a flattened voltage wshage. If the positive voltage half-cycle is a
different shape than the negative half-cycle, emater voltage harmonics are present. Often the
current waveforms will not be sinusoidal. The &8sy look like a sine wave, the higher the
level of current harmonics. Frequently, the ndutarent looks much less sinusoidal than the
line currents, because some harmonics do not cantét a three-phase system, even with a
balanced load. The more the current waveformifteshfrom the voltage waveform, the worse
the power factor.
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Additional Resources

Understanding Guardian™ Records

This document, which describes the records that ilRkbirders can store, is available in PDF
format. This and other helpful documents may haébon the ProVision™ installation CD.
This document can also be found on the website at
http://www.powermonitors.com/support/understandgdgy.

Technical Support

Help is always available if one needs additionalsdance. The technical support at PMI is
widely considered to be the best in the industdge one of the following methods to obtain
technical support:

E-mail Support
Send e-mail totechsupport@powermonitors.com

Web Support
Submit a support request via the wehtab://www.powermonitors.com

Telephone Support

Contact us 24 hours a day, 7 days a week for &gl support by calling:
(800) 296-4120

Faxes should be sent to:

(540) 432-9430

Postal Mail Support

All correspondence by post should be addressed to:
Power Monitors, Inc.

800 North Main Street

Mount Crawford, VA 22841 USA
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Appendix 1: Warranty Clause

Power Monitors Inc. (PMI) warrants each new produanufactured and sold to be free from defectsatenmal,
workmanship, and construction, and that when usegtéordance with this manual will perform to apatile
specifications for a period of one year after sképim

If examination by PMI discloses that the product heen defective, then our obligation is limitedepair or
replacement, at our option, of the defective unitocomponents. PMI is not responsible for piduhat have
been subject to misuse, alteration, accident, orefpairs not performed by PMI.

The foregoing warranty constitutes PMI’s sole lidfpi and is in lieu of any other warranty of meacttability or
fitness. PMI shall not be responsible for anydecital or consequential damages arising from aegdbr of
warranty.

Equipment Return

If any PMI product requires repair or is defectigall PMI at (800) 296-4120 before shipping thet tmiPMI. I
the problem cannot be resolved over the phone,WMissue a return authorization number. For pppservice,
all shipments to PMI must include:
1. The billing and shipping address for return @fiipment
2. The name and telephone number of whom to cofgaéirther information
3. A description of the problem or the work reqdire
4. A list of the enclosed items and serial numbers
5. A return authorization number
6. If possible, a copy of the original invoice
Equipment returned to PMI must be shipped withgineicharges prepaid. After repair, PMI will ret@guipment
F.O.B. factory. If equipment is repaired undernaaty obligation, freight charges (excluding aiidte or premium
services) will be refunded or credited to the costds account. Return equipment to:
Power Monitors Inc.
800 North Main Street
Mount Crawford, VA 22841 USA
Attention: Repair Department
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Appendix 2: Frequently Asked
Questions (FAQS)

Firmware: How do | check the firmware version in th e
Guardian™ using ProVision™ ? How do | upgrade
firmware? How do | use ProVision™ to upgrade the
Guardian™ recorder’s firmware?

1) To check the firmware version of your GuardianT¥stfconnect to the device using
ProVision™.

2) Identify the recorder by clickinfRecorder] and then selectindgdentify] .

3) After the identification is complete, click ¢Wiew] and the “View Identification
Information” window will appear, stating the firmweaversion of your Guardian™.

4) Go tohttp://www.powermonitors.com

5) Go to the technical support page and find the goapthe bottom of the page with
current firmware.

6) Look at the latest firmware for the Guardian™ gtada the site, and compare this with
the firmware version of your Guardian™ recorder.

7) If the latest firmware version listed on the sippears to be newer than the version on
your Guardian™ recorder, look under “Download Latgamware” on the site and select
the link for ProVision™.

8) Answer “Yes” to “Do you plan to use ProVision todgte firmware?”

9) Click [Next] then[Finish].

10) This will automatically install the package in Piedn™.

11) Provision™ can detect if firmware is needed andafbat device.

12) In ProVision™, selediOptions] then[Show Advanced Operations]

13) Select the Guardian™ in the devices tree, riglukadn the device, and select “Upload
firmware.”

14) A pop-up box should either say “Files containingvnersion not found” or “Firmware
upgrade necessary.”

15) Follow the prompts if it says “Firmware upgrade e&sary.”
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How do | initialize my Guardian™ recorder?

1) Connect to the device using ProVision™.

2) Click on[Recorder] or right-click on your Guardian™ in the devicesar

3) SelectInitialize], which should open up the “Basic Screen” window.

4) Set the desired intervals, channels, circuit typ&s, If necessary, seldétdvanced).
For more information on using this, see the Prayist" documentation.

5) Click [Finish].

6) Answer “Yes” to “Would you like to initialize theecorder?”

7) When the recorder has finished initializing, se[@isconnect]and unplug your
Guardian™. It is now ready to begin recording.

How do | check for and how do | upgrade to the most
current version of ProVision™ ?

1) See “Software Installation and Wiring” in the PreMin™ manual.

How do | export data files into Microsoft Excel or
Word?

Note: You cannot export data into Excel if datasexdts 65,000 lines (try using Word in this case); yay
however use the most recent version of Excel (e2d07) to export to it using more than 65,00@4din

1) Open the data file.
2) Right-click the file and sele¢Export to Word] or [Export to Excel].

How do | save my favorite Guardian™ initialization
settings for later use?

1) In ProVision™, go to the “Recorder Settings” foldlethe devices tree.

2) Right-click on the folder and clidiCreate Template Settings]

3) SelecfGuardian] from the “Recorder Type” drop-down menu and c[ioK] .

4) Select the desired settings and seléd] .

5) Click [Finish] when done.

6) Name the settings. (e.g. “Default Guardian Set)ings

7) SelecfOK].

8) These new settings should now show up in the “RimdBettings” folder.

9) Drag and drop on the recorder you wish to init@kdth the new settings in the device
tree.

10) Answer “Yes” to “Would you like to initialize witthese settings?”
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How should I interpret the data recorded by my
Guardian™ ?

1) See “Understanding Scanner Records” on the welisite
http://www.powermonitors.com/support/understandidfy.or on the CD included
with your Guardian™. If that does not help, caBd0-296-4120.

How do | import older WinScan™ data files for use

with ProVision™ ?

1) In ProVision™, selediFile] then[Import] .

2) Locate and select the folder containing your WimS¥adata files.

3) Answer “Yes” to “Should the folder be added recuebi?”

4) The WinScan™ data files should now be displayettiénexplorer tree in the under the
“Imported Files” folder.

How do | change the scaling (upper or lower bounds)
on a graph?
1) While looking at a graph, select tfieroperties] tab on the right. On the bottom it will
say “auto-scale.” Select the plus sign to operdifierent axis.
2) Change “auto-scale to same bounds” to “True” (tbiadlt is “False”).

3) Type the maximum and minimum under each selectfsyou change them, the graph
reflects these changes.

My Guardian™ will not communicate. What should |
do?

1) Go to the technical support pagevwww.powermonitors.corand download the
“Communications Troubleshooting” document.

Will I need to buy a site license for ProVision™ to
install it on multiple computers?

1) No. ProVision™ only works with PMI equipment, se wo not charge the customer in
order to make it easier to use our equipment aftd/aie.
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How can | get notified of updated versions of
ProVision™ as they are released?

1) You can register to get email updates from PMlar gan check our website every 4-6
months to see what the latest version is.

Can | run both ProVision™ and WinScan™ at the
same time in my computer?

1) Both programs can be run at the same time for atedilysis, however, only one program
can be used for communicating with a recordertahe. Also, the speed at which both
programs operate may be affected when running giemltaneously.
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Appendix 3: Troubleshooting

Troubleshooting

There are several things that could cause commtimmédownload problems with PMI equipment. Listezlow
are PC and software settings to check and procsdaoitey:

1.

Check all cable connections to see if tight and free of any comrosiany debris. Check cable status
for physical defects, such as cuts or abrasions and missingaor pins.

If you are using a laptop PC make sure that any energy-saahgds on the Windows operating
system are turned off. Sometimes the PC will shut dowrmamications in an attempt to save the
battery.

If you have a Palm Pilot PDA or any other hand-held PD#A tises a hot sync program, then be sure
that the program is turned off. These types of prograespecially the Palm HotSync™ — frequently
lock out the serial port, causing communications problems.

If you are using a Bluetooth® card or adapter, make surgdhatave the latest drivers installed from
the manufacturer's website. Check to insure that the locasethirig in WinScan™ or ProVision™

is set for the Bluetooth® adapter port setting on the M@ke sure that the baud rate setting in the
adapter software is set to the correct rate.

After checking all of the appropriate items above start fresh@ownload process. Disconnect the
recorder and allow it to power down. Close the ProVisigmdgram. Try the operation again.

If you still have communications or download problems dfténg all of the above, then there is
possibly a hardware problem in the recorder.

Find the “Communications Troubleshooting” documerittd://www.powermonitors.corand try

some of the suggestions listed.

Call Technical Support at 1-800-296-4120.

If there appears to be a hardware problem, call PMI at 1-80@28® to arrange for a return
authorization to send your unit to the repair department.
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