FLUKE.

= Power Quality

Predictive Power
Analysis/Maintenance
Technical Note

Power is an important resource
for any operation, but for mis-
sion-critical operations power
quality is vitally important; it
must be continuous and reliable.
Utilities provide power with
three to four nines of reliability
(99.9% = 9 hours downtime/
year, 99.99% = 59 minutes
downtime). In the Internet age
however, many e-commerce
operations are seeking upwards
of 6 “nines” uptime (99.9999% =
32 seconds downtime/year).

2. Once a data-center is built it
must be run and maintained
to ensure the reliability tar-
gets are met, and that the
design and operational goals
are achieved. If the appropri-
ate steps are taken in the
design stage, running and
maintaining the center will be
more successful. How well the
center is maintained is ulti-
mately the deciding factor in
actually achieving uptime
goals.
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To achieve six 9's or better,
mission-critical operations must
focus on the following two
strategies:

1. A good electrical system
design with adequate
redundancy and backup is
paramount (e.g. by installing
UPS systems, by adding
redundant units, dual-feeds,
static-switches, backup
generators, etc.).

The three approaches to mainte-

nance, each with a dramatically

different impact on system relia-
bility, are:

1. Crash and repair — what
occurs if no maintenance poli-
cies are established.

2. Preventive Maintenance - to
minimize crashes preventive
maintenance programs are
based on a timetable or
schedule (e.g. changing the
oil in your car or regularly
checking battery voltages and
battery-cell Ph on the UPS
system.).

Application Note

3. Predictive Maintenance —
a continuous improvement
program accomplished by
using metrics answering these
questions: Is my power good
or bad? Is it getting worse?
Where is it getting worse?
Why is it getting worse?

Crash and repair

Historically, power monitors
were used to determine existing
conditions or for a post-mortem
on an electrical system to under-
stand what happened and what
could be done to avoid a repeat
occurrence. Providing post-
mortem data is an “after the fact”
approach — rather like an air-
craft’s “black-box”. At a mini-
mum, monitors should always be
installed to provide post-mortem
data. The FAA requirement for
black-boxes in aircraft is part of
their philosophy of continuous
improvement.

Preventive and
Predictive Maintenance

Power monitors can now help
predict and avoid power quality
problems leading to equipment
malfunction, overheating of cir-
cuits, and system failure. They
provide early warning of incipi-
ent problems so preventive
action can be taken to avoid
them. Coupled with predictive
maintenance techniques, these
instruments bring an entirely
new dimension to preventing
power problems in electrical dis-
tribution systems. They allow
you to implement sound opera-
tional and maintenance policies
embracing the philosophy of
continuous improvement result-
ing in more 9's of uptime
through monitoring and predic-
tive maintenance.



Here is how preventive
and predictive maintenance
work:

Power quality index

A new technique converts accu-
mulated power monitoring data
into a single-number index
called the power quality index,
which you track over time. By
trending this index, you can get
advance warning of a deteriorat-
ing situation that could lead to
system failure.

Basically, you give each event
an index number that’s calcu-
lated by determining its relation-
ship to a power quality tolerance
curve (PQTC). You can use any
curve, but the standard elec-
tronic equipment references are
the CBEMA (Computer and Busi-
ness Equipment Manufacturers
Association) curve and the ITIC
(Information Technology Industry
Council) curve, which is pro-
posed as being the "new”
CBEMA curve. Here's how the
indexing works.

You start by defining the nom-
inal voltage as having an index
of zero, as shown Fig. 1, and the
index of an event landing on the
PQTC as 100. You give other
events an index number based
on the ratio of the event's dis-
tance from nominal voltage to
the same distance from the limits
of the PQTC, multiplied by 100.
For example, if an event is
halfway between nominal volt-
age and the PQTC, it gets an
index of 50. If it’s twice the dis-
tance from nominal as it is from
the PQTC, its index is 200.

You then calculate the mean
index at regular intervals, and
plot it over time. These plots will
show when power quality is
deteriorating (index goes up),
when it’s improving (index goes
down), or if it’s fluctuating.

Fig. 2 shows the mean value
of power quality index plots for
power monitors installed at four
locations at a facility. In our
example here, the index for the
monitor installed in a network
closet shows the most stable
power situation, while the index
for the lobby monitor is going up
at the fastest rate and is fluctuat-

ing to a greater extent than the
other monitors. By comparing the
index plots to each other, you
can easily see which locations
have better (or worse) power
quality than others.

If the lobby location in Fig. 2
were a critical site, the data indi-
cates it’s the worst of the four
locations and is worthy of inves-
tigation first. If you allow the
index to rise, this location will
inevitably suffer undesirable
power consequences.

This example shows how the
power quality index is an effec-
tive predictive tool. By taking
action at a particular location,
the index plot will soon confirm
that your action was appropriate:
It will go down and then stabi-
lize. Previously, this would
involve a time-consuming analy-
sis of large computer files or
paper tapes, studying event by
event. Indexing quickly and intu-
itively provides confirmation that
the power quality situation is
improving (or getting worse).

Reshaping the curve

There’s an important advantage
in linking the index to a power
quality tolerance curve: if the
curve doesn't exactly describe
the sensitivity of a critical load,
you can reshape the PQTC to
correctly describe this sensitivity.
As such, the index plot will pro-
vide better prediction.

For example, suppose you plot
an event against a CBEMA curve.
If the index of this event is less
than 100 it could lead you to
believe its safe when in reality it
causes disruption. The event
could actually be greater than
100, according to real world per-
formance, so you will need to
reshape the curve. In predictive
maintenance programs, you want
to know when events have an
index greater than 100, and you
want to track the index to make
sure events (and the index)
always stays below 100. By
using a modified, more accurate
curve, you'll be better informed
and alerted to events that could
potentially cause failure or dis-
ruption.
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Figure.l. The power quality event for each event is calculated from
the event’s relationship to a power quality tolerance curve (PQTC)

and nominal voltage.
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Figure. 2. Power quality mean-index plots taken of the power flowing
in the conductors at four different locations within a facility

Developing your own
curve

Suppose you don't know the
exact shape of the PQTC describ-
ing a critical load’s operational
limits, and suppose the standard
CBEMA curve doesn’t quite fit.
Furthermore, the equipment sup-
plier can’t supply a curve. What
can you do? The answer:
develop your own specific PQTC
for predictive maintenance by
fine-tuning a standard curve.
Let’s say your equipment is
more sensitive to impulses or to
high-speed transients. All you
have to do is adjust the PQTC to
be more sensitive in the
microsecond region, giving the
correct indices to events in the
impulse (microsecond) region.
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Start with the standard CBEMA
curve and note which events
cause actual equipment prob-
lems. Then, modify the curve so
that it correctly describes your
equipment sensitivity.

In full-disclosure power moni-
tors, you can automatically plot
events against any PQTC.
Remember, the curve is just an
overlay; it has no effect on how
you capture the events. Software
tools are available for a PC to
modify any PQTC at any time,
even after you've collected data.
Because this data resides in a
database, you can recalculate the
power quality index at any time
simply by changing the curve.

Highlighting trends

Another method of evaluating
what’s happening to your system
uses color to distinguish events
according to age. The software in
full disclosure monitors shades
oldest events the darkest and
recent events the brightest. Color
shading gives you an easier way
of spotting trends and migration
effects that show how conditions
are becoming worse (or better)
over time. Clouds of events,
whose perimeters are brighter
than the inside, indicate a region
where problems are expanding.
If the center of a cloud of events
is brighter, problems are consoli-
dating in one area.

With the tools described it’s
easier to prevent a deteriorating
situation from getting worse
since you'll easily notice how
minor events grow over time and
when they are beginning to go
outside of the curve limits. With
threshold-type monitors you
wouldn’t be aware of a problem
until disturbances eventually
grow to the point where they
exceed the threshold limits
before they are captured. At this
point in time, damage to sensi-
tive equipment may have already
occurred.

Frequently analyzing an
engine-generator’s lubrication oil
and monitoring the heat and
vibration of the bearings, it’s
possible to provide early warn-
ing of impending failures. Armed
with such monitoring data,

maintenance can be scheduled
and weak bearings and other
parts replaced when it's conven-
ient. Similar early warning of
incipient problems in an electri-
cal distribution system can now
also be achieved. By using moni-
toring instruments that capture
all aspects of power information,
and by using powerful software
tools that analyze trends in
power quality and harmonics,
deteriorating conditions can be
identified and suitable action
taken.

Comparing historical
data

You can set up a predictive main-
tenance program by installing
monitors at critical locations,
with each monitor making a sur-
vey for a “business-period” such
as a week or month. When the
survey is finished, you download
the data into a database and
reset the monitor to make
another survey. Then, you
archive survey databases and
compare them periodically.

Multiple databases collected
over long periods of time give
you a complete power history of
your operation and infrastructure
activity. By continuously tracking
the changes and comparing
events and trend data on a
weekly or monthly basis, you'll
note those conditions that are
deteriorating. Increases in event
activity, event amplitude, or the
emergence of new types of
events, are indications of poten-
tial problems.

Full-disclosure
technology

Power monitoring instruments
capable of providing "full-disclo-
sure" information are a break-
through development that has
made predictive maintenance
possible for electrical distribution
systems. These instruments use
digital signal processing and
high-speed sampling to capture
and store all aspects of power
(i.e., power disturbances, har-
monics, flicker, and power con-
sumption) in a database on an
internal hard drive. The data is
then downloaded into a personal
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Figure 3. Thresholds create a “dead zone” that is blind to deteriorat-

ing conditions.

computer for analysis and report-
ing. These monitors differ from
previous versions in that they do
not require the user to program
triggers, thresholds, or set-points
to isolate power disturbances.

Instruments that use thresh-
olds, etc., to capture events "by
exception" are suitable for per-
forming postmortems, but cannot
be used in a proactive, predictive
maintenance program. Setting
thresholds eliminates vast areas
of the power tolerance curve,
creating a "dead zone" as shown
in Fig. 3. Thus, these instruments
are blind to conditions that are
"bubbling under" the threshold
limits. Without this information
you will be unaware of a deteri-
orating power situation until trig-
ger values are exceeded, when it
is too late. The key advantage of
full-disclosure monitors is that
they record not only the severe
events but also the underlying
quiescent data that indicates
incipient problems.

It is important that the initial
survey establishes the true base-
line conditions to provide the
basis for comparing initial survey
data to subsequent data, and
that this data is obtained with a
high degree of integrity. It is also
equally important that each sub-
sequent database is a true record
of all of the conditions at each
moment in time. Full-disclosure
instruments faithfully record the
true conditions at the inception
of the predictive maintenance
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program and on an on-going
basis. They also consistently
capture and analyze data the
same way every time they are
used. Predictive maintenance
analysis can only be performed
by comparing data from instru-
ments with identical data cap-
ture techniques, using the same
analysis methods, and with full
information about the conditions
at the monitoring site. You can-
not perform predictive mainte-
nance analysis by attempting to
compare data between instru-
ments with different threshold
settings, using different analysis
methods, and with partial infor-
mation about the conditions at
the monitoring site.

Portable monitors
can perform predictive
maintenance

The greatest benefits of predic-
tive maintenance are realized
with a network of permanently
installed monitors, Fig. 4. How-
ever, portable trouble-shooting
instruments can also be used in
predictive maintenance programs
providing they are the full-dis-
closure types. For example, a
portable monitor is installed at a
location where power quality is
of concern, such as at an
adjustable speed drive, or at a
computer, or at the output of an
UPS. You monitor the power to
the equipment for a reasonable
period (24 or 48 hours), and
archive the monitoring data. The
monitor is moved on to other
locations to perform more sur-
veys, and their data is also
archived. At some later date,
perhaps after a month, you
return to the first location and
perform a survey again.

By repeating the above proce-
dure over weeks or months, sev-
eral power survey databases will
have been archived. They are
imported into the predictive
maintenance software and the
index is plotted for each location,
Fig. 5. There will be gaps in the
plots since monitoring was not
continuous, but the index will
indicate whether the power is
improving or deteriorating. If
equipment problems develop,
consulting the index would lead
you to include (or eliminate)

power quality as a cause before
investigating other causes such
as hardware or software bugs.
Indexing software simplifies
the task of analyzing large vol-
umes of power monitoring data
captured by full-disclosure moni-
tors. By turning the data into
useful information you can better
understand the power quality
situation of your electrical sys-
tem. This procedure of trending a
power quality index is an effec-
tive means for predicting incipi-
ent problems. As the saying goes
“to be forewarned is to be fore-
armed.” By being armed with
predictive knowledge of your
electrical system, you can take
corrective action before a prob-
lem shuts your system down.

Solutions

Reliable Power Meters (RPM)
offers the most substantial moni-
toring instruments available that
provide post-mortem data. In
addition, RPM's systems also
provide early warning of incipi-
ent problems so that action can
be taken to avoid them. RPM has
developed a unique technology
for comprehensive power moni-
toring and performing predictive
analysis, and is the only moni-
toring company capable of con-
tinuous, real-time predictive
analysis on electrical systems.
RPM achieves this with
advanced monitoring instruments
and predictive analysis software.
The RPM Power Recorder is the
only instrument that can capture
any event, any size, any length,
automatically — this is a major
advance over older monitors that
are complicated to program, or
require trigger levels and thresh-
olds to be set. Since it is impos-
sible to predict the size, or the
length, or the number of events
in all situations, previous types of
monitors often missed important
data. RPM has solved this prob-
lem with its “Full Disclosure”
technology. Where other moni-
tors are blind to subtle deteriora-
tions in power conditions, RPM's
technology monitors every heart-
beat, and every murmur on the
power line so that initially
benign anomalies that grow and
become serious over time can be
tracked and identified before

Predictive Power Analysis/Maintenance Technical Note

FLUKE.

== Power Quality

Figure 4. The Reliable Power Meters Multipoint Power Recorder
shown installed in a switchboard as part of a power-quality
monitoring network at a data center for a major bank.
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Figure 5. Power Quality Index plotted for four portable monitors.
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Figure6. The new ITIC curve above is being proposed as the

“new CBEMA curve”. The original CBEMA curve is a general

curve to describe operational voltage limits for electronic equipment.
It was developed a number of years ago based on educated
guesswork, and does not apply exactly to all equipment. The new
ITIC curve was developed to better reflect real world performance
of electronic equipment.
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they become disruptive. RPM’s
predictive analysis software,
Scenario, analyzes the data from
RPM monitors in a database, and
algorithms trend and compare
data over time to highlight incip-
ient problems. RPM's unique
Power Quality Index (PQI) is the
metric that analyzes events and
provides a simple mechanism to
determine if the power is deteri-
orating. The PQI will identify if
power is getting worse and
where it is getting worse. By
comparing the PQI to other
parameters Scenario will iden-
tify why power is getting worse.
Armed with this information
action can be taken to avoid dis-
ruptions.

Scenario can communicate to
multiple monitors in a single
facility or in remote locations by
Ethernet and via TCP/IP. Sites
anywhere in the world can be
monitored via Intranets or the
Internet. Modem communication
is also available. Data can be
displayed against worldwide or
local maps, or installation photo-
graphs of facilities, or one-line
diagrams. Easy-to-use zooming
tools isolate individual monitors
and their power measurements.
RPM'’s Polling software auto-
mates data collection and pro-
vides alarms to alert key
personnel of problems by various
methods such as pager, fax, or e-
mail. Alarms can also be passed
to building management and
security systems or to other envi-
ronmental monitoring systems to
provide a common platform for
notifying key personnel.

Downtime costs over a million
dollars a minute in many opera-
tions so it follows that it is not
prudent to operate a mission-
critical system without a power
quality monitoring system that
can perform predictive analysis.

RPM's permanently installed
monitors are based on the same
technology and include the
Multipoint Power Recorder and
the recently introduced low-cost
InSite Power Recorder* monitor-
ing and measuring device above.

RPM'’s customer list is a
*who’s who?” of major mission-
critical operations, such as:
Fidelity Investments, American
Express, Mastercard, EDS Corpo-
ration, State Farm Insurance,
America On-Line, Intel On-Line
Services, Charles Schwab, Nas-
daq, Metropolitan Life, E-Trade,
Bell Atlantic, Credit Suisse,
Depository Trust, UPS, and many
others.
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