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Abstract

This paper presents the culmination of a 24,000 man-
hour effort to collect operational and maintenance data
on 204 power generation, power distribution and
HVAC items, including gas turbine generators, diesel
engine generators, electrical switchgear, cables, circuit
breakers, boilers, piping, valves, pumps, motors and
chillers. The data collection process and the resultant
data are the subject of this paper.

The Power Reliability Enhancement Program
established the data collection effort to determine the
effects of “new technology” equipment, i.e., equipment
installed after 1971, on reliability and availability.
Previous data collection efforts were completed in the
early 1970’s using data collected in the 1950’s and
1960’s. The primary purpose of the data collection
effort was to provide more current equipment
reliability and availability data when performing a
facility reliability/availability assessment. Information
was obtained on a variety of commercial and industrial
facility types (including office buildings, hospitals,
water treatment facilities, prisons, utilities,
manufacturing facilities, school universities and bank
computer centers), with varying degrees of maintenance
quality.

Data collection guidelines and goals were established
to ensure that sufficient operational and maintenance
data were collected for statistically valid analysis.
Minimums of 3.5 million calendar hours were
established for each component. Time-to-failure data,
helpful in model development, were collected, when
available, to determine device failure characteristics. A
database system, with flexible output capabilities, was
developed to track both the equipment information
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(containing over 6,000 records of operational and
maintenance data) and the contact information
(containing over 3,500 records identifying information
sources). The levels of data quality and maintenance
quality were assessed during the analysis phase of the
project.

The results indicated that the maintenance quality
level was a major predictor of equipment availability,
therefore, the availability values presented represent an
average maintenance program across all the data
sources. In addition, the information obtained can aid
facility designers and engineers in evaluating different
designs to minimize production/mission failure and to
estimate the down times associated with various systems
or sub-systems. Facility types that require more
maintenance time and systems that may benefit from
redundancy or replacement can also be identified.

The U.S. Army Corps of Engineers, Power Reliability
Enhancement Program, located in Fort Belvoir, VA,
sponsored this two-year program. The work was
accomplished by the Reliability Analysis Center (RAC)
in Rome, NY.

1. INTRODUCTION

The U.S. Army Corps of Engineers, Power Reliability
Enhancement Program (PREP) sponsored a study of the
reliability, availability and maintainability characteristics of
204-power generation, power distribution, and Heating
Ventilation and Air Conditioning (HVAC) items. This
paper describes the data collection and summarization of all
204 items. The Reliability Analysis Center (RAC), a DoD
Information Analysis Center operated by IIT Research
Institute, in Rome New York, began the work in October
1991 and delivered the final report in early 1994.
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II. BACKGROUND

The Power Reliability Enhancement Program
established a utility system availability goal of 0.999999
(31.5 sec/yr. downtime) at Command, Control,
Communication, Computers and Intelligence facilities
worldwide. The methodology PREP used in calculating the
system reliability and availability was a Boolean algebra
based modeling technique using individual equipment
reliability values to produce the system model.

Prior to this study, PREP based its predictions on
component reliability and availability information
developed in the early 1970’s that had been compiled from
multiple sources. However, PREP had discovered
problems with using this information source since the
information contradicted itself and contained some
confusing data. In addition, the database did not fully
address maintenance. Therefore, it became apparent that
the data needed to be updated.

III. DATABASE DEVELOPMENT

A computerized system named PREPIS (Power
Reliability Enhancement Program Information System) was
developed to assist technical staff in organizing, tracking,
analyzing, and reporting all of the technical and contact
information during the execution of this PREP program.
The two major components in PREPIS are:

1. Contact records: contains site information; it is

comprised of 6208 contact records.

2. Equipment records: contains performance and
maintenance information; it includes 4043
equipment records.

3. This comprehensive database system was organized
functionally to support the following tasks:

Record individual site information
Prioritize site visits

Collect and organize site data
Data input and verification

Data summarization and analysis
- Report generation

The output record generator contains several “canned”
reports designed for data summary and availability
calculations. Some of the reports are designed to allow the
user the flexibility to select a multitude of query topics.
The format of the report generator allows easy construction
of custom reports for individual needs.

This database, developed in 1991, was adequate for the
task. As new, more efficient database tools were developed
it became apparent that a more portable, user friendly
database tool was needed. In addition several inquiries of
the database resulted in a significant effort to recreate data
reports to satisfy requests. A better method was sought to
minimize this time.

RAC began the arduous task in 1998 of creating a
common database and has transferred the data into
Microsoft Office Access database allowing the user the
ability to develop customized data extraction scenarios on a
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PC. The database can now be placed on a CD and
transferred to anyone with Microsoft Office Access.

Database Information

In order to collect statistically valid data it was important
that a stratified survey of different facility categories,
applications and operating conditions be conducted.
Guidelines were developed to assist in the selection of
potential sites. These guidelines include:

1. Locations surveyed were required to have varying
degrees of maintenance practices.

2. A number of sites for each facility category were
predetermined; this was required to eliminate any
skewing of the data caused by the influence of
limited data.

3. Component size was also a basis of site selection to
ensure that similar technologies were being
compared.

4. Equipment age was also considered to ensure that
data from both the newer high-efficiency generation
of equipment and the older technology generation
were included.

The first of these was included because it is known that
maintenance policies and practices directly affect
equipment availability. High levels of maintenance lower
availability, but have the potential to increase reliability.
Too little maintenance raises availability, but has the
potential to decrease reliability. During a prolonged period
of operation time with little maintenance, availability and
reliability both decrease drastically. The amount of
maintenance performed can drastically affect the
performance parameters being collected.

A process of identification and certification of data was
developed to ensure that each data collection trip was
successful.  Minimum requirements for data were
established to ensure a sound statistical basis for the
analysis:

¢ A minimum of five years of operational data was

collected.

¢ A minimum sample size of 40 with a maximum site
allocation of 10 items each was imposed.

¢ A minimum of 3.5 million calendar hours total for
each component was established.

Data Contacts

Contacts were the key to the success of this program.
The cooperation and support of the people involved from
the many facilities, even during times of budget and
personnel reduction is demonstrated in the quality of data
received to support the PREP.

A concerted effort was employed to develop an
extensive contact database using manufacturers, facilities,
societies, and locations of any potential data contributor
utilizing PREP components. Manufacturers were contacted
not only for contacts, but also for any warranty data that
may be available. A total of 25 manufacturers participated,
including Caterpillar, Westinghouse Electric, EMD, and
MFG Systems Corporation. A total of 25 professional
societies were contacted, including:
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- American Gas Association

- National Association of Power Engineers

- American Society of Mechanical Engineers
- Association of Physical Plant Administrators
- Association of Energy Engineers

IV. DATA SUMMARIZATION AND CLASSIFICATION

Data Completeness

As with every data collection program, there are varying
degrees of completeness in the data gathered. Some data
sources had complete records and could give statistics on
operational characteristics on every piece of equipment
from installation date to that current moment of time. More
often, the only items tracked were major items such as
cooling towers and boilers. Data for items such as valves
and filters were not usually recorded. Other problems
included incomplete or non-current versions of the
equipment’s blue prints. Several RAC technicians
manually developed parts lists, recording data from
nameplates and relying on facility engineers for component
descriptions.

It became important to categorize the different levels of
data completeness to ensure that the final data collection
included fair data representation for each component. To
quantify this data completion (or quality) index, RAC
identified these four levels:

1. Perfect Data: Data needed for a valid, complete
reliability study, including a parts list, failure
history data with time-to-failure statistics, parts
description data, operational periods, and ten
continuous years of recorded data. No engineering
judgment or data extrapolation is required. The
PREPIS equipment record database is comprised of
10% to 20% of this type of data.

2. Not Perfect Data: Data with no serious flaws, but
the data collection process demanded additional
time to ensure useful information was gathered.
Examples include parts list determined by
inspection, incomplete blueprints or less than ten
years of data. The PREPIS equipment record
database contains 35% to 40% of this type of data.

3. Verbal/Inspection Data: Data with serious gaps that
required additional documentation and verification
prior to its inclusion in the database. Items
included were typically major items, such as
generator sets and boilers. Senior maintenance
personnel were interviewed to extract the necessary
information to fill the data gaps. These interviews
were used as support documentation to recorded
data, not as data source information. About 25% of
this type of data exist in the PREPIS equipment
record database.

4. Soft Data: Data that relied on the memories of
experienced maintenance personnel from the
participating facility; it was often extracted from
log books containing maintenance personnel
entries, filing cabinets with work order forms, and
repair records when outside repair support was
needed. Engineering judgment was often used to
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determine numerous performance parameters. This
type of data was the most difficult and time
consuming to summarize and was only used when
no other data sources were available. The PREPIS
equipment record database is comprised of 10% to
15% of this type of data.

Maintenance Policy

The major intent of the data collection effort was to
minimize the effects of maintenance policies and
procedures on the calculated availability values by
collecting data from a variety of locations having various
maintenance policies. RAC personnel developed a code to
categorize each facility’s maintenance policies and
procedures into one of three levels:

Code “1”: Above average maintenance policy. The
facility not only followed a scheduled, preventative
maintenance policy that was equivalent or similar to the
manufacturer’s suggested policy, but also went beyond it,
such as using redundant units, specialized equipment tests
(thermograph, vibration analysis, oil analysis), complete
spare parts kits for equipment, and so on.

Code “2”: Average maintenance policy. Facility used
either in-house maintenance crews performing scheduled,
preventative maintenance according to the equipment
manufacturer’s suggested PM schedule or a combination of
in-house maintenance crews and outside contractors. In
both cases, it was verified that they did actually follow a
fairly rigid schedule.

Code “3”: Below average maintenance policy. Facility’s
actual policy was less than average. It may have instituted
a scheduled maintenance policy but not followed it or it
may have had no maintenance policy. Symptoms such as
leaky valves with rags tied around them, dirty air filters,
squeaky bearings, lose belts, and general house keeping
because of unavailable manpower were typical signs that
maintenance at a facility was less than desirable.

Each location was then compared to each other and to
the average maintenance policy. Overall, the facilities that
RAC visited practiced an average level of maintenance;
that is, they adhered to the manufacturers recommended
maintenance policy. RAC looked at approximately the
same number of facilities that had below average
maintenance policies as those facilities that had an above
average maintenance policy.

Results

Attached to this paper are the 204 components
representing the PREP database. It is presented in a
hierarchical structure to provide the analyst with numeric
options if the exact component is not identified. As an
example, the CATEGORY of Accumulator is comprised of
two CLASSES (Pressurized and Unpressurized). Each of
the CLASSES is comprised of individual data points.
Reliability numeric is derived for each data point listed
within a CLASS and displayed in columns in the database
report.

The numeric is then rolled-up to the CLASS level to

indicate a combination of information within each CLASS.
Subsequently the data from the CLASS level is rolled-up
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into the CATEGORY level. The reliability numeric
becomes more generically applied to the item as the
information is rolled-up to the next higher level. Where we
had various sizes for example, transformer capacities,
information was combined to create a general transformer
number.

Table 1 is provided to help you understand and properly
apply the data categories in your analysis. The summary
information calculated from the individual equipment
records is also included.

Definitions of each category are given below. These
definitions are referenced in several reliability publications
and the formulas can be verified in the RAC Toolkit for
commercial practices, page 12, or MIL-STD-339, or in the
IEEE standard definition publication. Definitions include
the following:

(MDT) = Mean Down Time is the average
down time caused by scheduled and
unscheduled maintenance, including
any logistics time.

(MTBM) = Mean Time Between Maintenance is
the average time between scheduled
and unscheduled maintenance,
including logistics time.

(Tp) = Total Periodis the Calendar time
over which data for the item was
collected.

(Rdt) = Repair Down Time is the Total

Down Time for Repairs Due to
failures (Unscheduled Maintenance).
Maintenance Down Time is the Total
Down Time for scheduled
maintenance (including logistics
time).

8760 = Total Hours in a Year (non-
leapyear).

Ao = Operational Availability considers
down time for Scheduled (repair due
to failures) and Unscheduled
maintenance, including Logistics

(Mdt)
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time. Reference RAC Toolkit, MIL-
STD-338, and IEEE Dictionary.

Al = Inherent Availability considers down
time for repair to failures only, no
logistics time. Reference RAC
Toolkit, MIL-STD-338, and IEEE
Dictionary.

Rel = Reliability calculation based on the
exponential distribution. Reference
RAC Toolkit, MIL-STD-338, and
IEEE Dictionary. A represents the
failure rate of the item and ¢
represents the period of data
collection in calendar time divided

by 8760.

Total_Fails = Total number of failure occurrences
during the Total Period.

Total Maint =  Total number of maintenance actions

(Scheduled Maintenance) during the
Total Period.

MTBF =  Mean Time Between Failures is the
average time calculated between
failure occurrences.

MTTR = Mean Time To Repair is the average
time to accomplish repairs on an
item.

MTTM = Mean Time To Maintain is the

average time

Hrdt/Yr. = (Mean Hours Down Time per
Year) = Average hours the item is
expected to be not functional based
on a year.

The attached database identifies reliability and
availability numeric for 204 components. Items with 0
failures, reliability statistics are calculated using the Chi
Squared 60% confidence interval based on time truncated
data. This common approach to data with no failures
associated with the data collection time frame is explained
in MIL-HDBK-338, section 8.3.2.5.2, Confidence Limits —
Exponential Distribution. These items are identified by an
asterisk (*) in the database report.

Calculated Data

Formula for Calculation

Ao, Operational Availability

Ao = (MTBF/MTBF+MDT)

Ai, Inherent Availability

Ai=( MTBF/MTBF+MTTR)

Rel, Reliability Rel = e~*T

FR/Yr. = Total Failures/(Tp / 8760)

FR, Failure Rate (per Year)

MTBF, Mean Time Between Failures MTBF = Tp / Total_Fails

MTTR, Mean Time To Repair MTTR = Rdt/ Total_Fails

MTTM, Mean Time To Maintain MTTM = Mdt/ Total Maint

MTBM, Mean Time Between Maintenance MTBM = Tp/ All Actions, Maintenance and Repair

MDT, Mean Down Time MDT = (Rdt + Mdt) / All Actions, Maintenance and Repair

Hours Downtime per Year Hrdt/Yr. = (rpt_repair_time + rpt_maint_time) / (Tp/8760)
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V. CONCLUSIONS

Information collected in this study is useful in determining the site
reliability or availability. The actual value that is predicted for a
specific system may not be totally definitive, but the comparisons
between systems is of greater value.

The data and procedure can be used in different manners to aid the
facility designer and facility engineer. The designer can use the data
to eval different designs. The desi can estimate the length of
downtime by adding the failure time to the production or mission loss
and can estimate the total length of time from line stop to line start as
a result of failures. New designs or redesigns can be evaluated to
minimize the production/mission failure with estimates on money
saved by avoiding downtime. The engineer can estimate the down
times associated with the systems or sub-systems and compare these
results to the actual times. This could identify problem areas that
may need more (or less) maintenance time and systems that may
benefit from redundancy or replacement.

VI. WHERE TO GET ADDITIONAL INFORMATION

Additional information including list of contacts and specific
maintenance information may be obtained from:

U.S. Army Corps of Engineers

Special Missions Office

Power Reliability Enhancement Program (PREP)
10115 Gridley Road

Fort Belvoir, VA 22060-5859

(703) 704-2777

Reliability Analysis Center
201 Mill Street

Rome, NY 13440-6916
(315) 337-0900

Copyright © 2007 IEEE. All rights reserved.
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