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Abstract

Introduction

n an age in which

buildings and

information must to
be available at all times and
downtime can cost a company
millions of dollars a minute, the focus
on how to guarantee continuous
facility uptime and power supply has
never been sharper. At stake from
facility failure are productivity,
employee morale, and corporate
credibility — all critical factors few
companies can afford to take a
chance on.

Today’s building systems and
equipment are increasingly sensitive
and interrelated, making a commit-
ment to reliability, from senior deci-
sion-makers to operation and
maintenance staff, more important
than ever. End-to-end reliability

means that each and every compo-
nent in a building, or even touching a
building, must be monitored and
maintained. A complementary pro-
gram of predictive testing and in-
spection will identify problems in
reliability before failure.

Even with a comprehensive reli-
ability program incorporating the lat-
est monitoring and testing
technologies, your facility may still
suffer from power outages caused by
an ever increasing demand for power
that is taxing utilities and causing
blackouts and power disturbances.

It is important to identify your
facility's power needs and incorpo-
rate system backup, redundancy, or
power generation alternatives to pro-
tect your business from downtime.

n August 12, 1999,

2,300 Common-

wealth Edison
customers in Chicago lost electrical
power after three of four transformers
at a substation went off line. While
one had failed a few weeks earlier,
the other two failed suddenly and
unexpectedly, prompting the utility to
initiate a controlled outage in
downtown Chicago to lighten the load
on the local grid and avert a ripple
effect of blown transformers
throughout the city.

As a result, business in the down-
town financial district that hot sum-
mer day was brought to a standstill
at 1:45 p.m., with tens of thousands
of office workers evacuated from
darkened downtown skyscrapers.
Powerless victims included banks,
police headquarters, high-rise hotels,
DePaul University, and the nation’s
largest futures market, the Chicago
Board of Trade.

The utility’s chairman offered no
excuses, stating that the incident
(the most severe in a long line of out-
ages over the summer) was not the
result of “bad luck or coincidence....
We must meet a higher level of per-
formance,” and the utility stepped up
plans to overhaul its aging infrastruc-
ture.

Bringing building systems and
equipment to a “higher level of per-
formance” before a critical problem
develops is an approach many facil-
ity managers and owners should also
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7x24 Operations

take. Like a utility grid, a building’s
systems are connected to increase
efficiency, but their interrelation can
also make the entire building more
vulnerable when a problem arises in
one system or piece of equipment.

One of the best approaches to in-
creasing the reliability of your
building’s systems and equipment is
to develop and employ a predictive
testing and inspection (PT&I) ele-
ment as part of your building’s main-
tenance program. Testing and
inspection can catch potential prob-
lems in system reliability before they
become problems.

In addition to taking steps in your
maintenance program to ensure the
reliability of your building, it is also
important to develop a strategy to
deal with electric power reliability fail-
ures that occur outside your facility.
With demand for power in the U.S.
breaking records for the third time
this summer, utilities are increasingly
resorting to rolling blackouts and
planned outages to keep their entire
systems from crashing. Typically,
large industrial and commercial cus-
tomers are targeted for these black-
outs, and its important to be
prepared with alternative power sup-
plies and system redundancy.

ne of the fastest

growing trends in

facilities operation
and maintenance is the 7x24 facility.
The Information Age has all but
eliminated time zones and national
boundaries, making it essential for
companies in banking, investment,
insurance, communications,
manufacturing, and a host of other
industries to conduct business seven
days a week, 24 hours a day (7x24).
A 7x24 facility is a mission-critical
facility in which the goal is zero
downtime - a building always open
for business.

In a 7x24 facility, every point of
failure in the building is backed up,
from chillers and power generators to
individual circuit breakers. Every
electrical and mechanical component
- from switchgear and panelboards
to air handlers - is designed so that
the isolation of any subsystem will
not interrupt building operation. All
equipment and systems are de-
signed for optimal reliability and
maintainability. Some of the key
elements of 7x24 design and opera-
tion include:

B Redundancy - Incorporating du-
plicate critical systems into the
building. 7x24 buildings are often
designed with reasonable redun-

dancy in mind, meaning the most
crucial systems in the building are
identified and given top priority in
the company’s available facilities
budget so those systems have
backup units that can operate in
crisis situations.

End-to-end reliability - Backing
up all areas of systems (e.g.,
backup generators and UPS sys-
tems), and reviewing and main-
taining everything that touches the
facility on a regular basis.

Concurrent maintenance —
Building a system that can be
taken offline for maintenance dur-
ing normal business hours without
disrupting the facility’s operations.
Each piece of equipment, sub-
system, and system must be con-
figured to be taken off-line,
serviced, and restored to opera-
tion without risk of interruption.

Commissioning — Testing all ele-
ments of a building (from compo-
nents to installed systems) to
ensure everything works properly,
and training O&M staff and techni-
cians to thoroughly maintain
equipment and systems. The
building’s systems must be fac-
tory- and site-tested for individual
performance and integration.
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Determining the
Needs of your
Facility

Another vital element to a suc-
cessful 7x24 facility is projecting fu-
ture requirements — for everything
from computer processing to net-
working and telecommunications to
furniture and space planning — and
making these projected requirements
part of all design and construction
plans for the facility.

hile the 7x24

operations approach

is becoming more
popular, many businesses do not
need such a radical approach to
improving the reliability of their
equipment, systems, power sources,
and overall facility. The first factor to
consider is the financial
consequences of downtime. All

7x24 Operations — How to  Eliminate Downtime

Adhering to these stringent uptime requirements for a 7x24 facility
can all but eliminate downtime in your facility:

- Fifth Sigma/99.999% uptime reliability (315 seconds, or a little more
than five minutes, of outage per year).

- All maintenance is performed with facility online and processing

underway.

- No facility shutdowns are allowed under any circumstances.

- All systems are provided with redundant enterprise-level MEP sys-
tem movers and primary/secondary distribution.

- All raised floor equipment is dual cord set or dual fed.
- UPS bypass power goes to another UPS source.

- The facility is on a dedicated utility feeder.

- Maintenance is performed on redundant, enterprise-level MDP sys-
tems and units only during periods of lower processing load. No
other major maintenance or testing should occur at this time.

- Maintenance is performed on redundant distribution systems only
when there is no work being performed on any other portion of the

attendant system.

- Only one unit or system component receives maintenance at any

given time.

Source: Building Operating Management, February 1998 .

companies lose money when
mission-critical equipment fails, but
in the event of a power outage, an
investment firm offering online
trading stands to lose millions more
per minute than a small company
that doesn't offer e-commerce. The
online investment firm should
seriously consider 7x24 operations,
while the small company might just
provide its employees with surge
protectors for their workstations.
What are the most frequent
causes of power failures in the facil-
ity another vital consideration. Have
overloaded power lines during the
summer months caused your utility
to schedule rolling blackouts?
Backup power sources may be the
answer. Does your system experi-
ence recurring power quality prob-
lems (e.g., voltage swells, voltage
sags, ripples, over- or undervolt-
ages, harmonics, etc.)? Then UPS
and power conditioning approaches
may suffice. Are the power failures
from secondary power quality prob-
lems generated by other in-house
equipment? Then a comprehensive
reliability centered maintenance pro-
gram that includes predictive testing
and inspection may be necessary.
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In general, the following process
should be used not only to determine
the reliability requirements of your
facility, but to address power quality
and reliability issues as well:

B Develop a Power Strategy — Evalu-
ate the power requirements of
your facility. Develop an electric
load profile that summarizes elec-
trical energy consumption and de-
mand over 24 hours, power
quality, and electric power reliabil-
ity requirements. Isolate mission-
critical electrical loads when
analyzing your power procurement
options; these loads should be
evaluated in terms of reliability,
not potential cost savings.

B Perform a Risk Analysis on Mis-
sion-critical Equipment — Record
each power quality event, fault,
and disturbance, both internal and
external. Predictive testing and
inspection is often the most thor-
ough method for locating power
and equipment failures. Rank
each event, fault, or disturbance
according to its impact on mis-
sion-critical performance, and de-
cide the allowable tolerance level.
Keep in mind that a risk assess-
ment looks at the frequency or
possibility that an event or fault
will occur and its subsequent ef-
fect on operations.

B Negotiate with Utilities and Other with electricity providers. Negoti-
Power Providers — Use the infor- ating with utilities and other elec-
mation gathered in the facility tricity providers is a good
electric load profile to negotiate business move irrespective of the

Standby Power Keeps the Data Flowing for Acxiom

Located on a sprawling campus in Conway, Arkansas, Acxiom Corpo-
ration specializes in storing, streamlining and upgrading proprietary data
for insurance companies and credit agencies. The company’s specialty
is data warehousing, including real-time data processing and other in-
formation storage services, so it’s critical that Acxiom is on-line 24
hours a day, seven days a week.

Because Conway serves as a small distribution center for Arkansas
Power & Light, Acxiom is very susceptible to power bumps, making
reliable emergency power for its computer facilities essential. Though
the surges or sags last no more than one or two seconds, they would
crash the company’s computers without reliable standby power.

That power is supplied by seven standby generator sets strategically
placed throughout the campus. Acxiom specified its first equipment,
three Caterpillar 3512 gensets, rated at 1,000 kW each, about six years
ago. The units were paralleled off one soft-load transfer switch to handle
the company’s emergency power needs. Two Cat 3516 gensets; rated at
1,750 kW, three years ago, followed by two more Cat 3512s, each
1,000 kw, two years later. Each of our four newest gensets is a stand-
alone system with its own automatic transfer switch (ATS).

Computers are Acxiom’s lifeline, and the gensets protect the envi-
ronment in which the computers operate, especially the critical air
conditioning. Acxiom’s computers are connected to a system of trickle-
charge UPS batteries. The batteries are always on-line; if there’s a dip
in power as brief as three milliseconds, the switch to UPS is seamless.

As new clients are added and data processing needs grow, Acxiom
adds standby gensets to accept the increased load, ensuring that the
company will always be “online” for its clients.

Source: Powerline/Riggs Power Systems
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Developinga
Corporate
Commitment to
Reliability

status of electric utility deregula-
tion in your state. Negotiate not
only for better rates and more
stable pricing over time, but also
for better power quality. Consider
distributed or self-generation op-
tions to counteract planned black-
outs.

B Explore Ways to Cut Energy Use
and Reduce Demand - Implement
energy efficiency measures in
non-critical areas such as offices
and restrooms. To provide flexibil-
ity for shifting loads, consider de-
signing separate cooling schemes
for critical and non-critical areas.
Consider using thermal capacity
storage, fuel cells, or other distrib-
uted generation technologies to
reduce demand during periods of
peak usage. Electricity demand
can also be reduced using alter-
nate fuels (e.g., steam or natural

gas).

After the power source reliability
has been addressed, your facility is
ready for a reliability centered main-
tenance program that incorporates
predictive testing and inspection to
address reliability problems that are
generated internally and not the re-
sult of blackouts or poor power qual-
ity from your power provider.

hough the amount of

thought and

consideration that
goes into the design, procurement,
testing, and maintenance of a
reliable facility may seem daunting,
these tasks often pale in comparison
to selling senior reliability program.
All of the system redundancy and
backup, as well as monitoring and
testing, that goes into a highly
reliable facility means a higher
facilities O&M budget. Qualified
contractors in sensitive facility
equipment and electronics may not
be the least expensive. It is
important to stress to corporate
decision-makers the importance of
value over cost when it comes to
facility reliability and uptime.

Before a company undertakes a
reliability program, management and
facilities staff alike must determine
the facility’s life expectancy and re-
quired reliability. Consider the follow-
ing questions:

B What is the impact of system fail-
ures on mission-critical equipment
and overall facility operations?
How severe are the financial con-
sequences?

B What are the most frequent
causes of power failures in the fa-
cility (e.g., weather, overloaded
power lines, etc.)?

B Does the system suffer from recur-
ring power quality problems (e.g.,
voltage swells, voltage sags,
ripples, over- or undervoltages,
harmonics, etc.)?

B Are the power failures from sec-
ondary power quality problems
generated by other in-house
equipment?

The answers to these questions
will help guide corporate decision
makers in determining how much reli-
ability is required, how much busi-
ness is being affected by current
problems in reliability, and how much
risk the business can afford to take.

The Construction Industry Insti-
tute, Design for Maintainability Re-
search Team has developed six vital
steps to take to developing a suc-
cessful plan for facility and systems
reliability and maintainability:

Step 1 - Obtain Corporate
Commitment

The catalyst for implementing main-
tainability is an overall, corporate
commitment to develop and follow a
formal process to institutionalize
maintainability throughout the organi-
zation. Justifying a comprehensive
commitment to reliability to senior
management requires research, infor-
mation gathering and a thorough un-
derstanding of how the mission-
critical components of a facility inter-
act with the business.
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Maintaining
Reliability

Step 2 - Establish a Corporate

Level Program

This is a straightforward process in-
volving a commitment of both human
and financial resources to achieve a
consistent process of implementa-
tion using standard procedures
throughout the organization. Facilities
management must be considered as
seriously as sales, accounting, and
other functions of the company.

Step 3 - Obtain Reliability and
Maintainability Capabilities

This step moves from the central or
corporate level of the business to a
more local or project level, becoming
directly tied into the project delivery
process. Reaching this milestone
means that the project is enabled to
support and implement design for
maintainability. It also means an
evaluation of in-house O&M staff and
technicians is necessary — identify
training and staffing requirements.

Step 4 — Develop a Program
Implementation Plan

This step occurs when the resources
are committed and the process is
enabled. A cross-functional project
team with resident reliability exper-
tise should be formed. This project
team identifies the reliability needs
of the facility and the business, de-
velops the maintenance strategy, de-
velops project maintainability
objectives, and considers appropri-

ate technologies to integrate into the
project design.

Step 5 - Implement Reliability and
Maintainability

This step occurs when all the ele-
ments are in place to fully implement
maintainability. Within this step are
the best practices that actually
implement maintainability on all
phases of the project — design, pro-
curement, construction, start-up, and
review. Technologies and ap-
proaches to maintain reliability are
applied to the design, considered
during procurement, recognized dur-
ing construction, taught during
owner/staff training, and evaluated at
project conclusion.

Step 6 - Update the Corporate
Level Program

The critical element that distin-
guishes the ideal process is estab-
lishing the feedback mechanism as
a driver for continuously improving
the reliability process. This is the
last step in implementing the corpo-
rate level maintainability program,
and should include integrating the
goals of the reliability program into
the company’s long-term plan.

eliability centered

maintenance (RCM)

is a continuous
process to find the optimum mix of
reactive, preventive, predictive, and
proactive maintenance practices that
will achieve the required reliability at
the lowest cost. The maintenance
strategies, each of which has its own
strengths, are integrated to optimize
facility and equipment reliability.

RCM'’s goals are to determine for

each system and equipment the fail-
ure modes and their consequences,
and to identify the most cost-effec-
tive and applicable maintenance
technique to reduce the risk and con-
sequences of failure. Specific RCM
objectives are:

To truly understand the safety and
reliability levels of the equipment.
To restore the equipment to these
levels when deterioration occurs.
To correct those items in which re-
liability is inadequate.

To achieve these goals at a mini-
mum total cost, including mainte-
nance costs, support costs, and
the costs of operational failures.

The goal of RCM is to enhance
equipment reliability, primarily by
getting maintenance experience and
equipment condition data to facility
planners, designers, maintenance
managers, craftsmen, and manufac-
turers. This information, which is es-
sential to improving equipment
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specifications, will continually in-
crease reliability and decrease the
occurrence of equipment failures, re-
sulting in greater availability for mis-
sion support and lower maintenance
costs.

The start-up costs needed to ac-
quire the technological tools, train-
ing, and equipment condition
baselines for a new RCM program
usually results in a short-term in-
crease in maintenance costs. This
short-lived spike drops quickly as
the cost of reactive maintenance de-
creases, as failures are prevented,
and as preventive maintenance
tasks are replaced by condition
monitoring.

An RCM program achieves maxi-
mum use from equipment and sys-
tems that is based on condition on is
not reliant on scheduled maintenance
tasks. This condition-based ap-
proach to maintenance lengthens fa-
cility and equipment life.

Reliability and the Facility Life
Cycle

To achieve maximum effectiveness,
reliability must be integrated into the
life cycle at an early stage, and
should be a consideration throughout
the life cycle (planning, design, con-
struction, and operation and mainte-
nance).

Decisions made early in the facil-
ity life cycle have a significant affect
on a facility’s reliability and costs.
The decision to commit to an RCM

program, including PT&l and condi-
tion monitoring is best made during
the planning phase. When RCM de-
cisions are made later in the life
cycle, it becomes more difficult to
achieve the maximum possible ben-
efit from the RCM program.

Even though maintenance is a
relatively small portion of the overall
life-cycle cost (typically three to five
percent of a facility’s operating cost),
a reliability program is still capable
of introducing significant savings
during the maintenance and opera-
tions phase of the facility’s life. Sav-
ings of 30% to 50% in the annual
maintenance budget are often ob-
tained through the introduction of a
balanced RCM program.

RCM Analysis

For RCM to be effective, mainte-
nance decisions are made based on
maintenance requirements, backed
by sensible technical and economic
rationale. The successful practice of
RCM requires a careful analysis of
the following questions:

What does the system or equip-
ment do?

What functional failures are likely
to occur?

What are the likely consequences
of these functional failures?

What can be done to prevent
these functional failures?

Functional failures occur when a
system or subsystem fails to meet
its functional requirements. However,
a system or subsystem that is oper-
ating in a degraded state but does
not have a substantial impact on
system components has not experi-
enced a functional failure.

It is critical to look at all of the sig-
nificant operational functions of an
item so that functional failure for that
item can be properly defined. A case
in point is aircraft brakes. The brakes
not only stop the plane, but they also
provide braking for maneuvering,
modulated stopping, and anti-skid
capability. Therefore, the prevention
of potential failures averts functional
failures. The purpose of PT&I is to
find and quantify degradations that
indicate the presence of potential
failures.

In this context, reliability is de-
fined as the likelihood that an item
will perform without failure during a
given operating period, under speci-
fied operating conditions. Every
equipment item has a characteristic
that is called margin to failure. The
use of equipment causes stress,
which can result in failure when the
stress exceeds the resistance to fail-
ure. Reliability can be increased (i.e.,
failures can be prevented) by:

Decreasing the amount of stress
applied to the item.
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What Defines a Reliability Centered Maintenance Program?

- Orientation on Function— the approach seeks to preserve system or equipment function, not just operability
for operability’s sake. Redundancy of function through multiple equipment improves functional reliability,
but increases life cycle cost.

- Focus on Systems — RCM is more concerned with maintaining system function than component function.

- Central Focus on Reliability — the approach treats failure statistics in an actuarial manner. The relationship
between operating age and the failures experienced is important. RCM is not overly concerned with simple
failure rate; it seeks to know the conditional probability of failure at specific ages (the probability that failure
will occur in each given operating age bracket).

- Acknowledgment of Design Limitations— the objective is to maintain the inherent reliability of the equip-
ment design, recognizing that changes in inherent reliability are the province of design rather than mainte-
nance. Maintenance can, at best, only achieve and maintain the level of reliability for equipment that is
provided by design. However, RCM recognizes that maintenance feedback can improve on the original
design. RCM recognizes that a difference often exists between the perceived design life and the intrinsic or
actual design life.

- Driven by Safety and Economics— safety must be ensured at any cost; cost-effectiveness is the criterion.
- Definition of Failure as Any Unsatisfactory Condition—  therefore, failure may be either a loss of function
(operation ceases) or a loss of acceptable quality (operation continues).

- A Logic Tree Screens Maintenance Tasks —  this provides a consistent approach to the maintenance of all
kinds of equipment (see Figure 1 on page 10).

- Tasks Must Be Effective — the tasks must be technically sound and cost effective.

- Tasks Must Be Applicable — the tasks must reduce the number of failures or ameliorate secondary damage
resulting from failure and be cost effective.

- Acknowledgment of Three Types of Maintenance Tasks and Run-to-Failure — these tasks are time-directed
(preventive), condition-directed (predictive), and failure-finding (proactive). Time-directed tasks are sched-
uled when appropriate. Condition-directed tasks are performed when conditions indicate they are needed.
Failure-finding tasks detect hidden functions which have failed without giving evidence of pending failure.
In RCM, run-to-failure is a conscious decision.

- Emphasis on the Living System — RCM gathers data from the results achieved and feeds this data back to
improve design and future maintenance. This feedback is an important part of the proactive maintenance
element of the RCM program.

Source: NASA Reliability-Centered Maintenance Guidebook
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Predictive
Testing and
Inspection

Increasing or restoring the item’s
resistance to failure.

Decreasing the rate of degrada-
tion of the item’s resistance to or
margin to failure.

How much stress that occurs de-
pends on use and may be highly
variable. It may increase, decrease,
or remain constant with use or time.
A review of the failures of a large
number of reasonably identical
simple items would reveal that the
majority was approximately the same
age at failure (subject to statistical
variation) and that these failures oc-
curred for the same reason. There-
fore, by finding a way to measure a
simple item’s resistance to failure, it
is possible to select an approach to
prevent, and thus improve reliability.

redictive testing and

inspection (PT&I) is

the use of advanced
technology to evaluate equipment
condition, with the goal being to
predict and fix problems before they
occur. PT&I data collected provides a
baseline of system and equipment
performance, and is used to plan and
schedule preventive maintenance or
repairs before equipment failure
occurs (all of which increases
reliability). In the commercial building
industry, PT&I is sometimes called
condition monitoring, or predictive
maintenance. Condition-based
maintenance is the work done as a
result of PT&I data analysis.

As the predictive maintenance

field continues to grow, new and
more economical technologies are

being developed. The technologies
identified below are not the only test-
ing technologies available. However,
they are reasonable and cost-effec-
tive approaches for most facilities
and collateral equipment. Some are
directly related to a facility’s electri-
cal distribution system and power
quality; all are important to a reliable
facility and systems performance.

Full Disclosure Power Monitor-
ing — A recent breakthrough in PT&lI
technology is the use of full disclo-
sure power monitors that use digital
signal processing and high-speed
sampling to capture data on power
disturbances, harmonics, flicker, and
consumption. Full disclosure power
monitors analyze even the smallest
event, exposing degradation in the
electrical distribution system of a fa-
cility (and thus predicting system
failure).

Infrared Thermography (IRT) -
IRT is a non-contact, line-of-sight,
thermal measurement and imaging
test that identifies temperature differ-
ences. It is ideal for finding hot/cold
spots in energized electrical equip-
ment, large surface areas such as
roofs and building walls, and other
areas where “stand off” temperature
measurement is necessary.

IRT inspections are either qualita-
tive or quantitative. The quantitative
inspection offers an accurate mea-
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surement of the temperature of the
item of interest. The qualitative in-
spection identifies relative differ-
ences, hot/cold spots, and
deviations from normal or expected
temperature ranges, producing
highly accurate temperature differ-
ences between similar components.
IRT can be used to locate im-
proper installation conditions in elec-
trical systems such as transformers,
motor control centers, switchgear,
switchyards, or power lines. In me-
chanical systems, IRT can determine
blocked flow conditions in heat ex-
changes, condensers, transformer
cooling radiators, and pipes.

Insulation Power Factor Test —
Insulation power factor, sometimes
called dissipation factor, is the mea-
sure of the power loss through an in-
sulation system to ground. It is a
dimensionless ratio that is ex-
pressed as a percent of the resistive
current flowing through the insulation
to the total current flowing. To mea-
sure this value, a known voltage is
applied to the insulation and the re-
sulting current and current/voltage
phase relationship is measured. The
results are measured in milliwatts
lost. This non-destructive test will not
deteriorate or damage insulation and
is considered one of the best electri-
cal PT&l tests.

Motor Circuit Analysis — Motor
circuit analysis is an off-line motor
technology that monitors the condi-
tion of the complete motor circuit.

The test device measures the basic
electrical characteristics, phase re-
sistance, phase inductance, resis-
tance to ground, and capacitance to
ground, that comprise all motor cir-

cuits. The test equipment is portable
and computer-based, which allows
for automated test performance and
data collection.

Figure 1, RCM Logic Tree
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Motor Current Signature Analy-
sis — Developed by Oak Ridge Na-
tional Laboratory, this technique
tests a variety of motor-driven com-
ponents in general industrial applica-
tions. The approach makes use of
the fact that an electrical motor is a
reliable transducer of mechanically
induced loads. It uses these loads to
modulate the motor line current sig-
nal flowing through the motor stator
windings. (Roger Carr, P/PM Technol-
ogy, Volume 8, Issue 3, June 1995,
p. 50).

Electrical Signal Analysis - Elec-
trical signal analysis is an on-line di-
agnostic technology that evaluates
the condition of a motor circuit. Data
collected includes voltage and cur-
rent balance, power quality, imped-
ance balance, and current sequence
data.

Vibration Monitoring — This tech-
nique involves measuring machinery
movement, or vibration, to identify
ongoing conditions through the use
of an accelerometer. It also examines
the vibration spectrum to identify
and trend frequencies of interest.
Some frequencies correlate to ma-
chine design, regardless of equip-
ment condition. For example, a
healthy fan or rotary compressor may
have a frequency that is equal to the
machine speed times the number of
fan blades. Monitoring this frequency
and noting changes in the amplitude
indicate whether there is a degrading
condition.

Other frequencies, such as those
associated with rolling element bear-
ings, may be a sign of bearing dam-
age. Electric motor problems, such
as broken rotor bars or stator eccen-
tricity, are commonly seen in vibra-
tion signatures associated with
electrical line frequency. Vibration
analysis is very helpful in identifying
faulty bearings and verifying proper
alignment and balance of new equip-
ment.

Airborne Ultrasonic Test— An
ultrasonic noise detector, a fairly in-
expensive tool, can be used to find
liquid and gas (pressure and
vacuum) leaks. When a fluid or gas
moves from a high-pressure region
to a low-pressure region, ultrasonic
noise is emitted. The detector trans-
lates the ultrasonic noise to the au-
dible range. An ultrasonic noise
detector is also useful in locating
arcing, tracking, and corona in elec-
trical systems. The detector is used
in conjunction with an IRT inspection.

Dissolved Gas Analysis — A 50cc
sample of oil from an oil-filled trans-
former is examined for dissolved
gases using gas chromatography.
This test is very effective at uncover-
ing the problems associated with an
oil-filled transformer before the prob-
lem becomes terminal.

Lubricating Oil Test — An oil
analysis verifies that the specified
lubricants are being used and that
the system is free of construction

contamination. In an operating sys-
tem, lubricating oil analysis is per-
formed to determine the machine
mechanical wear condition, to deter-
mine the lubricant condition, and to
determine if the lubricant has be-
come contaminated.

Insulating Oil Test — Similar to a
lubricating oil analysis, testing is per-
formed to verify that the specified oil
is used. The tests include Karl
Fischer (water in oil), acidity level
(neutralization number), interfacial
tension, and electrical dielectric.

Battery Impedance Test - All
batteries have a storage capacity
that is dependent on the terminal
voltage and internal impedance. A
battery impedance test set injects an
AC signal between the terminals of
the battery. The resulting voltage is
measured and the impedance is then
calculated. Two comparisons are
made: first, the impedance is com-
pared with the last reading for that
battery, and second, the reading is
compared with other batteries in the
same bank. Each battery should be
within 10 percent of the others and 5
percent of its last reading. A reading
outside of these values indicates a
cell problem or capacity loss.

Insulation Resistance Test— An
insulation resistance test is a non-
destructive DC test used to deter-
mine insulation resistance to ground.
A DC voltage is applied to the equip-
ment being tested and a small cur-
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rent flow results. The test set, which
then calculates the resistance, is a
reliable gauge for the presence of
contamination or degradation.

Flux Analysis — The flux analysis
technique involves measuring and
analyzing the magnetic leakage flux
field around a motor. Designed to de-
tect faults in rotor bars, stator turn-
to-turn shorts, and phase-to-phase
faults, this technique is similar to
that of motor current signature analy-
sis.

Ultrasonic Mapping - Used to
help identify wet insulation in roofs,
an ultrasonic signal is sent through
the roof surface and reflections are
measured. A strong reflection indi-
cates the potential of wet insulation.
Most ultrasonic mapping detectors
are small units with wheels, and a
complete inspection requires walking
the unit across the entire surface of
the roof.

Go/No-Go Tests

PT&l testing typically provides data
suitable for long-term monitoring and
trends analysis. Listed below are
equally helpful tests that do not pro-
vide data that can be used for trend-
ing; in these tests, either the
equipment passes the test or it does
not.

High Potential Test - Hi-Pot test-
ing is a DC high voltage test that is
used to show excessive leakage cur-
rent in in-service equipment and to
verify that insulation systems in new
equipment can withstand designed
voltage levels. As a result, it serves
as an effective acceptance test for
new and repaired electrical transmis-
sion and distribution equipment. For
example, in repaired equipment, if
leakage current continues to increase
at a constant test voltage this indi-
cates that the repair is not up to the
proper standard and will probably
fail soon. In new equipment, if the
equipment does not withstand the
appropriate test voltage it indicates
the insulation system or construction
method is inadequate for long term
service reliability. Since DC Hi-Pot
testing is a potentially destructive
test, it typically is not used in a PT&lI
program.

Turns Ratio Test (TTR) — Mainly
used as an acceptance test, TTR
measures the turns-ratio of a trans-
former, including identifying short-
circuited turns, incorrect tap
settings, mislabeled terminals, and
failure in tap changers. To run a
turns-ratio test, a voltage is sent to
the primary, and the induced voltage
on the secondary is measured. The
ratio is then calculated and com-
pared with the nameplate data. A
turns-ratio measurement can show
that a fault exists, but it cannot de-

termine the reason or location of the
fault. TTR also can be used as a
troubleshooting tool when other elec-
trical tests turn up possible problem.

Partial Discharge Analysis (PD)
- This is an on-line technology that
monitors the condition of insulation in
machines and cables above
4,000VAC. A partial discharge is an
incomplete, or partial, electrical dis-
charge that occurs between an elec-
trical item’s own insulation, between
an electrical item’s own insulation
and other insulation, or between insu-
lation and a conductor. These dis-
charges create a high-frequency
signal that PD monitoring systems
detect.

Breaker Timing Test — This me-
chanical test shows the speed and
position of breaker contacts before,
during, and after operation. Two gen-
eral types of timers are used: digital
contact timers and digital contact
and breaker travel analyzers.

A digital contact timer is used
only for timing contacts where no
travel time is required. A digital con-
tact and breaker analyzer measures
contact velocity, travel, overtravel,
bounce back, and acceleration to as-
sess the condition of the breaker op-
erating mechanism. A voltage is
applied to the breaker contacts, and
a motion transducer is attached to
the operating mechanism. The
breaker is then closed and opened,
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Reliability Issues
Today and
Beyond

and the test set measures the
timeframe of voltage changes and
plots the voltage changes over the
motion waveform produced by the
motion transducer. The numbers are
printed out from the test set, and the
chart is stored in memory for down-
loading to a computer.

Flow/Pressure Test — Many facil-
ity systems are closed loop-type
systems and any pressure or
vacuum leaks are not allowable. To
verify that the system was designed
and installed properly, actual flow
rates of liquids or gases are mea-
sured and compared with the design
criteria. Additionally, leak tests are
performed to confirm system integ-
rity.

everal factors will

have an increasingly

important impact on
the reliability and maintainability of a
facility and its electric power supply
as we head into the new millenium.
These factors include the continuing
rollout of electric utility deregulation,
anticipating tomorrow’s business
technologies, and training O&M staff
and technicians to service
increasingly complex and critical
systems.

The deregulation of power genera-
tion presents many opportunities for
businesses. However, in addition to
using deregulation to negotiate for
better rates and stabilized power
costs, facility managers must also
keep in mind their service require-
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ments. For any business reliant on
facility uptime, the cost of electricity
is not as important as its quality and
reliability. When considering propos-
als from the range of utility provid-
ers, energy service companies,
power marketers, etc., make reliable
service your first priority.

As computer processors become
smaller and faster (a trend that will
undoubtedly continue), they become
more sensitive to power fluctuations.
Small voltage changes can cause
major problems, even system-wide
crashes. Consider installing UPS
systems to guard against power
sags and surges, and utilizing self-
generation in the form of fuel cells or
backup generators to guarantee con-
tinuous power (see Distributed Gen-
eration — Supplementing Your Power
Supply on page 14. Newer computer
equipment can be equipped with
dual power paths — one path might
be from the utility source, while the
second may be connected to an al-
ternate utility line or a backup power
system.

Planning for future requirements in
facility construction and design is
also important. Your facility should
be able to accommodate technolo-
gies that do not yet exist, and power
requirements you cannot yet imag-
ine. As much as possible, keep wir-
ing, piping, conduits, and raised
flooring expandable and flexible.
Space, piping, conduits, etc. for me-
chanical systems, such as chillers
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Distributed
Generation -
Supplementing
Power Supply

and air handlers, should also be con-
sidered for their expandability to
handle increasing loads.

Finally, as more companies realize
the importance of facility and system
reliability, finding facilities mainte-
nance staff qualified and knowledge-
able in all of the complex aspects of
reliability is a challenge. NECA con-
tractors are at an advantage be-
cause they can offer many of the
specialized services (listed below)
that ensure reliability in electrical
systems, power supply, and the
overall facility and its equipment.
Also, consider partnering with other
qualified contractors to provide a full
package of services in the reliability
arena.

Reliability problems troubleshoot-
ing

Power-sourcing strategies
Economic evaluation/financing
Mechanical and electrical engi-
neering (particularly an emphasis
in data center design)

Building commissioning
Construction

Reliability-centered maintenance
(RCM)

Predictive testing and inspection
(PT&I)

Self-generation alternatives
Back-up power alternatives
Power monitoring

acility managers

interested in

supplementing their

supply of power
should investigate opportunities in
distributed generation and self-
generation. Distributed generation is
the integrated or stand-alone use of
modular generation resources, used
by utilities and third-party providers
in applications that benefit the
electric system, specific customers,
or both. Self-generation is the use of
the same generation resources, only
by the facility that plans to use the
power. With both distributed and self-
generation, excess power supply
produced can be sold back to the
utility.

Distributed and self-generation en-
compass a broad range of technolo-
gies and load requirements (typically
from 25kW to 25MW). Formerly used
for large industrial systems and
medical facilities, the latest distrib-
uted generation systems are smaller
and more economical to install and
use. Typical return on investment
ranges from 15 to 25 percent.

Many facilities that require 7x24
operations use some form of on-site
generation to provide redundancy in
their power supply. For instance, re-
dundancy is built into Internet Ser-
vice Provider America Online’s power
distribution system at its data center
near Washington, D.C. The center
can operate fully from either of two
separate 34.5 kV utility services. In

addition, six 1,600 kW engine-gen-
erators are on hand for emergency
backup power, with space available
for two more. The system even in-
cludes three individual UPS systems
to back up the engine-generators
and provide power conditioning. The
redundancy is vital considering the
importance to AOL of availability to
its customers, on demand, at any
time.

Following is a brief discussion of
the most types of generation tech-
nologies commonly used by facilities
today.

Microturbine Generators
Microturbine generators are heat en-
gines that use high-temperature,
high pressure gas as the working
fluid. Part of the heat supplied by the
gas is converted directly into the me-
chanical work of rotation. In most
cases, the hot gases for operating a
gas turbine are obtained by the com-
bustion of a fuel in air, which is why
gas turbines are often referred to as
combustion turbines.

Because they are compact, light-
weight, and easy to operate,
microturbine generators have found
many applications, notably the gen-
eration of electricity and steam
(many industrial processes require
steam in addition to electricity). The
natural gas used to power the
microturbine generator can be one-
third to one-seventh the cost of util-
ity-provided electricity.
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The new class of microturbines
consist of a compressor, combustor,
turbine, and generator. They are typi-
cally less than 300 kw (400 hp) in to-
tal power output and use low
nitrogen oxide (NO,) emission that
are well within the limits of the most
stringent regulations, both current
and proposed. They have few mov-
ing parts, require little maintenance
and no liquid cooling. They also are
quiet, compact, and in some cases
lightweight.

Photovoltaic Systems

Photovoltaic (PV) systems convert
solar energy into electricity and are
commonly known as solar cells. PV
systems provide power for anything
from small calculators and wrist
watches to complex systems provid-
ing electricity for pumping water,
powering communications equipment
and even lighting homes and running
appliances. The system works when
a PV cell converts sunlight, which is
made of photons, or particles of so-
lar energy, into electricity.

One solar cells typically produces
between 1 and 2 watts. Cells are
connected together to form larger
units called modules, and modules
are be connected to form even larger
units called arrays, which can be in-
terconnected for more power.

PV-generated power offers advan-
tages over diesel generators, pri-
mary (one-time use) batteries, and
even conventional utility power.

Highly reliable, with low construction
and operating costs, PV systems are
highly customizable and mobile, and
they are clean and silent. PV sys-
tems can be connected to a battery,
and the battery to a load. During
daylight hours, the PV modules
charge the battery and the battery
supplies power to the load whenever
needed. A charge controller protects
them from overcharging or draining.

Fuel Cells

Fuel cells provide a way of generat-
ing electricity without combustion
and without air or water pollution.
Like batteries, they convert chemical
energy in a fuel, such as methane or
methanol, directly into electricity.
Also like batteries, they have posi-
tive and negative electrodes and an
electrolyte. Fuel cells, however can
operate continuously as long as fuel
and air are supplied, unlike a battery,
which can provide power for a limited
time before requiring recharging or
replacement. To generate a useful
amount of current, fuel cells are
stacked in multilayers.

Fuel cells are efficient, with over
40 percent of the energy in the fuel
converted directly into electricity.
When used in distributed generation
applications, over 80 percent of the
energy in the fuel is available as use-
ful heat and electricity. Fuel cells can
produce greater value from the natu-
ral gas consumed than any other
type of power generation system.

In comparison to traditional com-
bustion methods of generating elec-
tricity, fuel cells offer several
advantages. Since no combustion is
involved, a fuel cell operating on hy-
drogen and oxygen produces no
NO, or carbon dioxide (CO,) emis-
sions. Other fuels, such as natural
gas and methanol produce emis-
sions well below all current environ-
mental standards.

Fuel cells contain no moving parts
and are, therefore, low in noise and
vibration. Similar to PV systems, fuel
cell systems are modular and
scaleable. A typical fuel cell consists
of four major components: a fuel pro-
cessor, fuel cell stack, power condi-
tioning system, and energy recovery
system. The fuel processor converts
a hydrocarbon fuel into hydrogen
gas. The fuel cell stack combines
the hydrogen with oxygen to produce
DC power. The power conditioning
system converts the DC power into
AC or DC power with the proper volt-
age and frequency. The energy re-
covery system uses the excess heat
energy for distributed generation
functions.

Fuel cells are an emerging tech-
nology, and while they are gaining
fast in commercial viability, they
should be considered a supplemen-
tal power source option only when
economically feasible.
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