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PROCEDURES FOR COLLE CTION OF RELIABILITY ,
AVAILABILITY , AND MAINTAINABILIT Y DATA
ON ELECTRICAL AND MEC HANICAL SYSTEMS

I INTRODUCTI ON

Background

Generall y, the Corps of Engineers builds facilities and rel eases
them to a user; however , there is rarely a return of information on such
critical aspects as operation and maintenance (O&M) experience , failure
frequencies , recorded lifetime , repl acement rates , wear ra tes , per-
formance experience , or other indications of a facility ’s qual ity or ef-
fectiveness. Di strict Engineer personnel need information on wh ich to
base reliability, availability, and maintainability (RAM) estimates for
elec tr ical an d mechan ical equ i pment and systems (EMS). This information
an d the ca l cu l a ted RAM estimates are required to improve future sel ec-
tion of equ i pment and systems specified for use in military construction
Army (MCA ) projects.

Data acquisition is a l ong l ead—time item . Experience on past
projects has demonstrated that procedures required to translate and
reduce RAM and EMS data have been the most costly and time—c onsuming
operations of the total data acquisition—red uction—processing —analysis
function. However, during the R&D studies on the SAFEGUARD System ,
considerable failure and repair data were accumul ated on englne-gene --
ator sets and on rel ated power plant equipment. The data contributed
significantly to important reliability estimates and logistics and man-
power planning .

Data to be collected for analyzing RAM falls into three categories:
(1) histor ical data , (2) present data , and (3) future data.

Hi storical data is available now; it is recorded manually, usually
on sets of forms, each of which is designed to provide operation and
maintenance (0&M) personnel with i nformation about their duties. Fre-
quently, individua l manual systems have been developed and used to con—

• trol , manage , and schedul e separate mai ntenance operations. Normally,
reports on operations must be prepared periodically (usually monthly)

1 Booz , Al l en , App l ied Research , Inc ., Data Systems Proced ures, ADS71151L
(Department of the Army, May 1970).
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for  manag ement rev i ew a nd assessmen t; howeve r , with the current data
recording method , the costs of spare parts and supplies may not be seg-
regated for accounting purposes in a fashion that is amenable to anal-

1 5.

Present data uses the same collection methods as historical data .

Future dat a is data that will be available and for wh ich better
col l ection systems should be developed .

Within the Army, the information which provides the needed data is
obtained by the Facility Eng i neer; however , the reports currently re-
quired to record this data are not detailed enough to provide suff icient
information for a RAM analysis. Redirection and expansion of the re-
porting procedures are necessary to assure provision of adequate data in
the future.

Military facilities are becoming increasingly dependent on EMS for
accomplishing their assigned mission tasks ; as a resul t , the RAM factors
associated with EMS and their components have become equally important.
RAM factors indicate that assigned EMS tasks can be accomplished wi~ hin
the specified mission time under specified environmental conditions
without failure , and without injury to operating personnel . These re-
quirements have become especially important for EMS invol ved in hazard-
or risk—type missions , i.e., el ectrical systems, light i ng systems,
equipment—handling systems, transportation systems, and chemical-han-
dling systems.2

Problem Statement

There is a need for an orderly process of obtaining and using field
experience information to improve the qual ity and to facilitate the
design of military facilities. A cost—effective means of acquiring RAM
data for EMS in mil itary installations is essential to improve a facil-
ity ’s ability to function as designed , and therefore its performance.
Fulfilling this requirement will provide District Engineer personnel
with operating experience data on the frequency of normal maintenance ,
repair , and repl acements of facility components. This capability can be
used to improve future designs for mil itary facilities , particularl y
those having specific RAM requirements. The anticipated data will
enable effective selection of facility components.

2 Boo z , Allen Applied Research , Inc ., Data Systems Procedures, AD87 1151L
(Department of the Army, May 1970). —
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The Facility Engineer al so needs RAM information to provide a firm

basis for budget i ng el ectrical/mechanical equ i pment maintenance and to
schedule manpower , equi~w’- it , and overhaul and repl acement requirements.
Adequate dat a will permit knowl edgeable decisions regarding system
availabi lity -reliability estimates , maintenance pol icies , and manpower
requi rements.

Objective

The objective of this ~~rk was to develop methods for acquiring and
storing information necessary for making RAM assessments or estimates of
EMS for military facilities.

Approach

The fol l owing ~~rk was conducted to accompl i sh this objective:

1. Review current analytical techn i ques used to assess RAM and
life cycle cost (LCC) factors , electrical and mechanical systems, and
equipment to identify required data types.

• 2. Determine system types and equipment installations involved in
military facilities and eval uate these to ascertain if any or all are
critical to facility operations.

3. Identify data types available from historical records to pro-
vide direction for devel opi ng manual data collection methods.

4. Eval uate current data—recording methods used on existing sys-
tems and equ i pment installations within fixed military installations to
devel op a data—acquisition system.

5. Ident i fy current data sources which may be used for assessing
EMS to provide a ready source of data , and to provide guidance in devel-
oping a new EMS-RAM data bank which can be accessed either manually or
mechanically.

6. Eval uate the requirements for making a totally manual , statis-
tically supported RAM data base; compare this method with the Data Pro—
cedure methodol ogy devel oped by Booz , Al len Appl ied Research , Inc.
( BAAR INC ) for OCE to estab l i sh a conf idence level for the manual method .

9
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1. Devel op a manual method which would not use pre forma t ted , ma-
chine -readable forms.

8. Prepare machine-readable , preformatted form s to be used for
source—data acquisition of RA .M-type data and which would be compatible
.~~~h manual methods.

9. Deve lop data ana lys is  techn iques which wo uld be used to convert
raw RAM and ICC data to s ta t i s t i ca l l y  analyzed data by either manual
and / or machine -aided processes.

10. Determine the best method fo storing and retr ieving st at is t i —
ca l l y  ana lyzed R,~t1 and LCC data by either manual or mechanica l pro-
cesses.

11. Recomend the best manual and/or mechanical procedure for
making EMS—RAM assessment.

Outline of Report

Chapter 2 presents the type of data identified as necessary for
making RAM eval uations , and Chapter 3 provides the dat a sources and the
val ue and l imitations of these sources. Chapter 4 outlines the methods
of data collection which were eval uated and discusses their use for ob-
taining historical and present data. Chapter 5 outlines and eval uates
future data collection methods; Chapter 6 recomend s the methods thought

— to be most feasible to provide the most usable , accurate dat a and esti-
mates the cost of the reconriended system. Chapter 7 outlines the advan-
tages of using an automated system , and Chapter 8 discusses the equip-
ment needed for such a system. Chapter 9 defi nes manpower requirements
for an automated system; Chapter 10 outlines a reconviended data bank or-
gani zation and defi nes the central clearinghouse operation.

Methods of analyzing data are not presented here ; however , Appendix
A lists references for analytical techi i ques. Appendix B presents form
samples.

Mode of Technology Transfer

This report constitutes the technology transfer for this tiork.

10
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2 TYPES OF DATA REQUIRED

The data requ i red to determine RAM factors for EMS include the
chronological hi story of operation, failure events , and preventive and
restoration maintenance events. The RAM factors of EMS and their com—
ponents are not readily available to District design engineering person-
nel for preparing the technical provision for EMS procurement specifica-
tions.

The construction activities of Army—wide military facilities were
reviewed to identify those risk- or hazard—oriented activ ities which in-
volve the use of EMS and their components. Lists of components have
been prepared which are hazard— or risk—oriented , and this data will be
required for assessing the RAM and LCC of EMS.

This review indicated that the critical systems are:

1. Power generation
2. Electrical distribution
3. lighting
4. Heating boilers
5. Chillers
6. Air—handling equ i pment
7. Control s
8. Water treatment
9. Fuel suppl y.

The list of hazardous systems for RAM assessment input was pre-
sented in a previous CERL report.3 This data list is provided for all
14 systems listed in that report without regard to priority or to exclu-
sions of systems such as sewage, firefighting , and coniuunications.

E. M. Takemori , Mission Critical Electrical—Mechanical Systems in Mu—
itary—Constructed Facilities , UnpubTished Report C—23 (CER L, Januar y
1975).
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3 AVA ILABLE SOUR CE S OF DATA

Avai lab le  RAM data sources include mi l i tary and industrial records
from operating EMS , and manufacturers ’ specifications. Appendix A con-
t uns a l ist  of data sources. Since the information required is not all
numerical and much of it is handwritten , it may be di f f icul t  to identify
and chronologically classify failure and maintenance events.

Military records are confi ned to a 2-year period , which limits the
data ’s validity. The number of failure s , maintenance actions , and over-
haul times during that period may be insufficient to provide valid in-
formation. For instance , where failures and maintenance actions oc-
curred over a 3-year period , but the data for the third year is not
available , the information is i ncomplete , and confidence in the use of
such data may be reduced .

Procedures developed for acquiring available data include obtaining
information from EMS manufacturers , i.e., obtaining the names and
locations of civilian users. Questionnaires have been devel oped for ob-
taining other information from the manufacturer , includ i ng character-
istics of the equ i pment and maintenance information. The same approach
has been devel oped for obtaining data from Industria l installations.

Records from the Finance and Accounting Office are available; how-
ever , this information would be useful mostly for checki ng parts inven-
tory and for indicating a component’ s frequency of repair and the time
required to repair it. Since this information is mostly for repl acement
parts , it does not provide signific ant information for RAM analysis.

12
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14 DATA COLLECTION METHODS (HISTORICAL AND PRESENT)

The method expected to be used for dat a retrieval and analysis de-
termines what methods will be devel oped for col l ecting historical and
present data. In most case s, the format for recording the data is not
suitable for rapid collection. Getting data into a recordable format
would require revising the operat i ng forms containing the chronological
order of events and l oad profiles . It would also necessitate combining
an operating form with a maintenance form to reduce the number of docu—
nients handled and to enable chronological arrangement of the failure and
maintenance activities.

Past method s of source data collection that were useful for design ,
RAM , and LCC analysis have been dictated primarily by operational and
facility management considerations. The procedures usually empl oyed to
correlate the many and diverse data el ements necessary for comparative
design analysis , and for RAM and ICC analysis , have been t~und to becostly, time-consuming, and nonresponsive to the usual time-frame allow-
able for Di strict operations. For exampl e, some types of data col-
lection require high manpower and experience level s for retrieval and
analysis. Studies have shown that there Is a high degree of coninonality
between the data elements necessary for RAM analysis and those for ICC
analysis. The techn i que of any proposed data— collection method should
be able to improve and/or reduce the data-recording efforts of facility
operational personnel.

New Data-Col l ection Methods

Several areas of investigation have been pursued to facilitate data
collection:

1. Developi ng a single set of data el ements that are ordered in a
fixed format .

2. Developi ng a method (s) of source data recording and entry whi ch
(1) is compatible with the types of environments involved; (2) will pro-
vide hard copies of data entered for operational usage ; and (3) wi l l
provide means for automatically (machine) generating the data element
set developed in Method No. 1 (explained above).

3. Achieving the capability of adapt i ng the combination of methods
and data element sets for performing the required .~nalysis so that (1)the labor and time required for analyzing historLal records are re-
duced; and (2) present facility maintenance recordkeepi ng procedures are
observed .

13



4. Achieving compatibility with operational practices and designs
for future automated power plants and EMS systems. Extens ivel y used
variations of this techn i que are (1) microfilming , (2) combining and or-
dering onsite operational records , (3) manually extracting the pertinent
data elements , and (4) pl acing these data elements in the required data
format for analysis. The cost of this techn i que was determined to be 60
cents per frame.

This investigation has completed a consolidated set of data el e-
inents and revised , for RAM analysis , the dat a format of Office of the
Chief of Eng ineers (OCE) Form I to include:

1. Diagnosed reliability factor
2. Confidence level
3. Performance requirement
4. Stress levels.

The data el ements in OCE Form II have been reorganized into the catego-
ries of:

1. Card collation data
2. Event col l ation data
3. Repair statistical data
4. Operat i ng cost data.

The revised Forms I and II have been given the acronym “CRAM ” to refl ect
the incorporation of the necessary data el ements to provide for RAM and
ICC analysis (see Figures 1, 2, and 3). Form II data records cannot be
completed on the basis of sing le , complete entries , s i nce the sourc e
data will come from maintenance logs , monthly sumary reports , time
card s, fuel consumption meters , and accounting records. Instead , they
require multiple entries , based on raw data from different sources at
different times. It is therefore necessary to build into the source-
data collection method an ability to enter such discrete segments of
data and to categorize such segments automatical ly. To facilitate the
record search and updating operations , col umns 1 throug h 19 (Form II ,
Figure 3) have been allocated as various identifiers which would be
comon to all Form II program cards associated with a specific equipment
item. The remaining 61 col umns are used for the individual data ele-
ments.

The development of methods for source-data collection and recording
recognizes that the major prerequisites for a successful overal l ap-
proach are the provisions for greater fl exibility, response to varying
env i ronmen tal con diti ons , and to the needs of operational personnel .
Several more efficient techniques have been developed for recording data
in various operational environments at their sources.

14
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Data Record i ng

To record the meter readings required for load— profi le data in the
operating room and in the engine-generator plant , a digital cassette
type of recorder can be used. Data entered in such a digital recorder
can be re-entered into a memory system automatical ly. To record data at
a maintenance dispatching area , neither an audio cassette or a manual
data entry can be used ; a consol e operator transcribes such data. To
record data at more external sources , either manual entry or audio cas-
sette techn i ques can be used . The objective is to eventually repl ace
manual entry techn i ques entirely ; however, during transitional periods,
the method s now being used will be accoimiodated with this type of ap-
proach. Transl ating such recorded data to hard copy , and simultaneously
entering it permanently into a machine -readable format will be effectel
by a relativel y inexpensive type of minicomputer information process or
terminal apparatus having fl exible input and out put capabilities. Esti-
mating costs for collecting historical and present data wi ll probably be
25 to 40 cents per data frame.

The available data—collection method s which were experimentally
verified are :

1. Manual entry on forms. This method must be compatible with
system operation. The operating personnel must be able to maintain
present data recording and presentation methods to insure smooth transi-
tions between present and newer methods; this capability must be pro-
vided so the overal l system can be used on historic records.

2. Audio cassette recorders. This method is used in environments
where noi~~ considerations are not controlling ; its use must be combined
with data formats , so that data elements are entered in correct order .

3. Punched card method. This techn i que is used to collec t data in
such field environments as external electrical distribution systems.
The punc h—card method can be used to collect EMS data to build a data
base for assessing RAM. The card is prepunc hed with the equ i pment It)
number , facility ID number , and system number. If a failure is noted on
the system or equipment , the respective prepunc hed card is selected (if
weather conditions permit , the card is located at the site and on the
equipment), and the desired information is handwritten on the pre-
formatted card (such as date and time of occurrence, type of failure as
denoted by BAARINC , and if available , present—hour meter reading). Then
the card is keypunched for computer application. The problem with this
method is that if there are 1000 different item s, there will have to be
1000 different prepunc hed cards at the site. The BAARINC method uses a
minimum of two card s for each item to satisfy total RAM inpu t data.
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4. Digital cassette recorder. This techn i que is useful in noisy
environments and is desi gned to be used with the forms normally used in
data collection; the data elements are keypunched in the correct order.
The proposed recorder presents a visual displ ay of the data for checking
purpose s before it is entered on the cassette. A major advantage of
this techn i que is that after the operator pl aces the correct permanent
tape in the consol e, the information on the digital recorder cassette
can he entered automatically as a permanent record without transcription
by the operator.

5. Dual remov able disk drive unit. The dual removable disk drive
unit , or a disk file , uses a flat disk for storing digita l inforlnat ion.
It uses an electromagnetic storage medium and heads that operate simi-
larl y to tape recorder and pl ayback heads. This method is probably
better than using cassette tapes because there is more storage capacity
and the disks have greater random-access capability. This method re-
duces the time requ i red to provide a hard—copy report from 15 to 30
minutes to 3 to 5 minutes. In addition , the operator will not have to
change the storage file as frequently.

6. Digital mod em recorder. A di gita l modem recorder or mod u-
lator/demodulator accepts signal s and modu lates or impresses the infor-
ination on a carrier signal. At the other end of the circuit , it re-
verses the process that recovers the information. This technique is
useful for noisy environments where l arge numbers of data elements must
be transmitted to a more permanent recordkeeping facility. Its oper-
ation is similar to that described for the digital cassette recorder ,
except that the digital modem is patched directly into the console with
a telephone l ine , and the dat a el ements are entered directly into the
consol e permanent record tape.

Organization of a Minicomputer System

Many minicomputer systems have been devel oped which can be pur-
chased at prices ranging from approximately $6000 to $9000, depending on
the individual capabilities and provisions desired . Figure 4 illus-
trates a system for collecting historical and present data.

The Wang System 2200 has been used experimentally in the field.
Comunications among as many as two to four such systems can be acconino-
dated at one location , using telephone lines and modems. It is also
possible for one installation having this system to coninunicate with a
remote location. This type of cormiunications system could be used in
situations like that of the hospital and the Facility Eng i neer Office at
For t Hood , TX. The system 2200 consists of a console; a combining and
interactive displ ay screen (CRT); a normal typewriter keyboard that is
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equipped with add itional keying, display and cursor indication , a core
memory, and a power supply box ; and either a typewriter or line printer
for provi ’iing hard copy . The mod em provides for comunications between
the remote location and the base.

An important feature of this system is that the programing l an-
guage is BASIC.

The console can accomodate two di gital memory cassettes. One of
these provides interrogative and data formats. For exampl e, the parame-
ters that must be entered into the dat a base such as date , time , oper-
ating status , and maintenance performed are input to the computer term i-
nal . These subsequentl y appear as questions to the personnel entering
the data. The acquired data elements are overlaid on the second cas-
sette. A standard form was transcribed to machine format for a System
2200 to record data; this system includes provisions for interro gative
and data-error checki ng . A normal 8 x 10-1/2 in. form can be tran-
scribed in approximatel y 4 hours. Appendix B provides an exampl e of a
transcribed form. The Wang system has two addit i onal capabilities for
collecting and recording historical and present data -- data report ing
and trend analysis.

~~~~~~

The data-report i ng section consists of a set of cassettes. These
cassettes contain all records included on the first page of the manual
system (Form 1); as the maintenance actions are compl eted , they are
recorded on that set of cassettes. Hard copies of forms on which new
entries have been made can be provided to maintain present procedures.

~~~~ AnaZL~~ s

The major reasons for requiring hourl y entries for readings of
operators logs and similar reports ~ ‘~ (1) to insure that the important
monitoring points are visually insp. ~c1 on an hourly basis , and ( 2 )  to
provide information on trends of critical data. Usually, these logs are
examined by supervisors at the beginning o , ~hift to determine if ac-
ceptable l imits of the readings are being app, oached ; this will deter..
mine whether corrective actions are necessary. If there is visual in-
spection of the meters , it would be possible to reduce the requirement
for entering such data on an hourly basis. Then, on the basis of infor-
mati on entered every 2 hours , for example , trend analyses and actual
data plots could be performed automaticall y and presented for exam-
ination. As an i nterim measure , the hourl y recordings could be made
manual l y; in addition , provisions could be made for entering any number
of strings of data points i nto the system, and for performing trend
analyses on suc h data , compl ete with displ ay plots.
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This computerized system for source data—col lection , dat a record-
ing , and storage of historica l and present data Is compl etely f lexible.
It is compatible with techniques for collect ing source data both manu-
all y (on forms) and automatica lly (transcription). It al l ows data to be

consolidated discreetly (i.e., item by item ) into prescribed data for-
mats for later analysis whenever it is availab le.
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5 FUTURE DATA-COLLECTION METHODS

Current Problems

Manua l method s of collecting , storing , retrieving, and analyzing
data have the fol l owing deficiencies:

1. Analysis results frequently indicate that detailed data is re-
quired over l onger time periods ; this data may or may not be available ,
or may requ i re more investigation to acquire.

2. Analysis is costly and time—co nsuming and requires highly
trained and experienced personnel to interpret and pl ace data into the
necessary formats.

3. Faci l i ty operational or maintenance personnel cannot obtain
rapid indications of potential l ong-term problems.

4. Timeliness of results is questionable.

Analyses of recorded data are necessary (a) to optimize design , (b)
to compare available equ i pment for procurement purpose s, and (c) to com-
pare forecasts of a facility ’s RAM characteristics for mission avail-
ability with those of mission requirements. (Appendix A provides a
number of sources for data analysis.)

Future Improvements

Automatic data recording and reporting will probably be required in
future insta llations . Because of equ i pment costs , normal EMS installa-
tions will not be able to use redundancy techn i ques and paral l el ed
equipment units at critical points in the system. Future instal l ations
will probably use automated control and monitoring techn i ques and pre-
suinably depend less on manual operations and maintenance methods. Thus ,
the possibilities of unattended operation will be exploited , and re-
sponse times to failure conditions will be improved . It is anticipated
that these improved means of acquiring source data will reduce the cost
of data acquisition , reduction , anal ysi s , stora ge, and retrieval pro-
cedures by 2 to 5 cents per data frame.

Advances in control s and instrumentation technology have made
analog control devices less acceptable. New methods have been devel oped
for accura tely control ling and mon itor i ng most parameters of power
plants by digital methods. The increased requirements for energy con-
servation and environmental control of power—pl ant effl uent has
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necessitated the development of better control systems and the means to
adapt existing digital technology to such controls.

Design criteria for the constructi on of military facilitie s t i n —clud i ng power plants ) which require digi tal control s will al so provide
for automated data-collection systems interfaced with the control system
and with the automated energy-control systems.
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6 RECOMMENDED COLLECTION METHODS

The reconinended methodol ogy for col l ecting historical data is de-
fi ned by BAARINC and the Bechtel Corporation.” These organizations rec-
cinmend that all records rel ati ng the equipment shoul d be microfi lmed;
the events offsite are then reconstructed because the necessary data to
support RAM and ICC studies are kept in various records within a facil—
i ty.

The fol l owing are recoimiended data collection techniques:

1. Maintain hourl y operating logs to assess performance and to
note daily energy and miscellaneous suppl y usage.

2. Consult the Operating Engineer ’s or Plant Foreman ’s log to de-
termine whether the downtime was caused by human or el ectrical/mechani-
cal failure , standby, idle , preventive maintenance , or corrective main-
tenance action.

3. Consul t the Maintenance Engineer ’s or Plant Foreman ’s log to
determine the cause of electrical /mechanical failure , and to determine
the “total-time—to—restoration ” caused by preventive maintenance , diag-
nosis , obtaining parts , disassembling and reassembling equipment for
el ectrical /mechanical part repl acement , and checkout.

4. Use the accounting or procurement logs to determine the cost of
repair parts , energy used , and miscel l aneous supplies.

Methodology for collecting both present and future RAM and LCC data
from operating el ectrical and mec hanical systems and the equi pment re-
quired to obtain and store it has been developed; this methodol ogy and

• equi pment can be used both in present systems and in future automated
systems.

Booz , Al l en Applied Research Inc., Data Systems Procedures, AD87 1151L
• (Department of the Ar m y, May 1970).
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Record i ng O&M Data

When recording O&M data , several characteristics requ i re consid-
erat ion:

1. Operational data , which is used to assess EMS performance and
daily suppl y usage , is almost always recorded in numeric val ues; there-
fore , current data can be collected easily by digital recording equip-
ment.

2. O&M data , which is used to record trouble or failure , is almost
al ways noted in coment form on the operational log sheets and in log

• books ; therefore , this type of data requires alphanumeric record Ing
• equi pment. This equi pment can be either portable or fixed , because the

operating engineer or foreman is usually located in the central office.

3. Maintenance data , which denotes action taken to accomplish work
specified by a maintenance work order , is usually noted in both coninen-
tary and numeric form. These types of data are not uniform , because the
work is mainly equipment-dependent; thus , there are no standard i zed
forms. This lack of standard i zation l imits application of direct ma-
chine-entry recording techniques. Thorough investigation indicates that

• mark—sense type data recording is most suitable for this application ,
• because both standardized and nonstandardized operations can be adapted

for each type of equipment.

• The present data acquisition System can be automated readily
because equipment and technology for machine col l ection of the data are

• availab le. The methodol ogy developed will cause minimum impact on exis-
ting recordkeepi ng systems and will suppl y the equipment user with a

• quantity of data never before achieved because of a lack of adequate
manpower.

A system configuration recormiended for collecting present and
future data provides four major features: (1) a data-recording system ,
(2) data transmission offsite, (3) operational source-data reporting ,
and (4) a maintenance—record system.

Data-Recording System

A centrally located set of terminal equi pment consisting of a data
terminal with an online memory and a cathode ray tube displ ay and key-
board is provided . The onl i ne memory is suppl emented with flexible
disks because : (1) the flexible disks will be capable of storing all
the programs necessary to control operation of the terminal , and on a
separate disk , all the data to be entered Into the system; and (2) the
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data entered will be stored in i sol ated blocks , each of which is perti-
nent to one reporting form. A high-speed line printer will provide hard
copies of the data entered for reports required periodical ly. The est i-
mated time required to produce the equival ent of a completely filled -out
manual form is less than 2 minutes.

An optical reader (mark-sense type) is also provided . Althou gh
this equipment is used primarily to enter information associated with
maintenance — data reporting , it can also be used to enter operational
data. The optical reader can operate directly through the terminal to
the fl exible disk record storage.

Data Transmission Off-Site

A provision in the terminal equipment for a modem, under the con-
trol of the terminal supplies a means of transmitting desired data off-
site. The data would be transmitted in the format devel oped; thus , com-
pl etel y ex ec uted data that would be equival ent to a completely fi lled-
out manual report form coul d either be reproduced in hard copy , or
stored in digital form in a remote location.

Operational Source-Data Reporting

Operations data which is presently recorded manually will be re-
ported by operators using al phanumeric digital recorders. Several
source-data recorders are available comercially; some are based on cas-
sette-tape memories , and some on bui l t-in , sol id-state memories. Those
having built - in memories are recommiended for this application. The
number of data records that can be stored is adjustable so that a single
unit can record all of the hourl y required readings , or a smal l number
of recorders can be used for various classifications of readings. The
stored information can be transferred automatically to the terminal by
telephone or by direct connection; it can be transferred for remote
locations by using a mod em unit and a tel ephone connection .

It is also feasible to use mark—sense data l ogging for certain
types of data. This system could be used to enter the time of failure ,
the time of start of repair , the t ime of repair compl etion , and the t ime

F available for use; both operations and maintenance empl oyees could use a
coninon reader and a comon input sheet. The mark-sense sheets could be
used with an optical reader to transmit i nformation directly to the ter-
minal
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Maintenance-Record System

The manual recording system would be replaced , which would provide
a number of advantages to the facility and to O&M personnel , and would
provide more accurate data.

The provisions for output data of this system are :

1. Automatic display of out -of-limit input readings
2. Hard-copy information in equival ent format s
3. Hard copy of daily inspection and overhaul schedules
4. Hard copy of monthly suninary information on operations
5. Parameter trend reports on critical equipment.

Since between 60 and 80 percent of the data required to com pl ete
failure—event analyses (the data represents the information necessary
for RAM eval uations) are derivable from maintenance -reporti ng , the auto-
mated system permits direct use of recorded maintenance-system data ,
which is already formatted in the CRAM format.

The collected data can be retrieved automatica lly, aid the requ i red
analysis procedures can be documented and programed by computer oper-
ators. Most of the analysis time can therefore be devoted to examining
the out put s of the computer runs , with only a minimum amount of time ex-
pended for data handling and ordering .

I
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7 ADVANTAGE S OF AUTOMATE D SYSTEM

Advantages to Facility Personnel

~~~~~ ~~~~~~~~~

Opera tors  will be able to carry hand—held ligital recorders or
mark —sense holders , rather than current data—sheet formats which must be
entered manually. The entered data are visible and can be checked
against the meter indications before they are pl aced in temporary hand-
held storage. When entering the hand—held stored data into the tenni—
nal , error checking and out—of -limit indications permit rapid validity
checks . Corrections , if any , can be impl emented quickly.

The operational workload for dat a gathering will be reduced by at
least 50 percent because of improved data—handling and reporting tech—
ni ques.

Hard copy of reported dat a will be available on demand after the
hand-held stored data are entered into the terminal .

Indications of out-of-limit conditions for reported data on crit-
ical parameters will be available as soon as the hand—held data are
input i nto the terminal . The opportunity to review and modify incorrect
data will be available at this time . Correctly entered out— of -limit
conditions will be flagged and presented on hard-copy reports.

Operational reports will be clear and legible , and if the report is
inadvertently damaged , it can be reproduced within minutes.

Chronological hi stories will be developed automatically from daily
operational reports.

• Dai ly updating of inspection and overhaul schedules of the gener-
ator sets will be provided automatically, on comand .

Monthly suniiiary reporting information required by the facility su-
perintendent about monthly operations will be provided automatically, on
command .

There will be better coordination among activities of 0&M personnel
because of improved cormiunications.

29
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Out-of- l imit  conditions wil l  be indicated and identified imiiiied i-
ately after the reported data are entered into the terminal. Hard-copy
reports of operational data will flag indicated out-of -limits condi—
t ions.

Some preventive maintenance tasks will be reschedul ed automaticall y
during the month; the remainder will be compared against forecasted
available manpower , and lower priority tasks will be shifted to the fol-
lowi ng month.

Preventive maintenance tasks for the fol l owi ng month will be re-
scheduled automatically by comparing l abor requirements of the exec ut ed
tasks against forecasted available manpower.

No additional workload will be imposed on maintenance personnel for
identifying and reporting corrective maintenance tasks.

Log forms and data-reporti ng procedures for generator sets will
have the same data—fl ow status as all other maintenance operations.

The reporting load of the maintenance foreman in charge of gener-
ator sets will be reduced .

The monthly summary reporting information required by the facil-
ity ’ s Superintendent for Maintenance Activities will be provided auto-
matically.

Trends of critical parameters will be provided on comand .

There will be better coordination among the activities of O&M per-
sonnel because of improved coninunication.

Cost Reporting Personnel

Costs of spare parts and supplies will be provided by individual
task , thus furnishing better information for ICC analysis and spare—part
procurement planning .

Historical trends will be available after 1 year or less of oper-
ation for forecasting stocki ng requirements and reduc i ng inventories.

30
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Reports will be forwarded to highe r headquarters in a neater and
more legible form. The reports will be prepared automatically on
demand .

Report formats produced automatically can be legibly reduced to mi-
c r o f i l m , which will alleviate bulk record storage at the facility. If
necessary, original s can be retained at a central archive.

Information required for a monthly summary report will be provided
automatically on demand . This will impose no additional load on either
operations or maintenance personnel .

The maintenance supervisor ’s reporting workload will be reduced ,
thus allowing more time for re-examining personnel operations and devel-
oping better preventive mai ntenance techniques.

• Usage history of spare parts and supplies used for maintenance ac-
tivities will be availao le by month , which will help justify ordering

• parts and supplies.

The fl exibility of the automated system will facilitate mod-
ifications to procedures and methods.

Advantages of the Automated System
to Personnel Requiring the Anal yses

The fol l owing paragraphs outline the advantages derived by data re-
cipients from the automated system:

The proposed automated system will be adaptable to future facili-
ties that use automated data reporting and operational monitoring equip-
ment . Interfaces between sensors and the data—reporti ng system will
consist primarily of timing controls. Out-of-limit recognition in a
data-reporting terminal will allow rapid early warning of possible trou-
ble or failure in critical subsystems. Automatic data l ogging and stor-
age facilities will perm it trend analyses.

• The ability to transmit data stored on disks to a central facility
will el iminate present fiel d trip and microfilming requirements. Data
transmission will be by telephone l ines to a central location. In
remote locations , or in situations where data may be classifi ed , the
flexible disks will be repl aced and shipped to a central facility for
processing .

I
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The new system wi l l  simpl ify the analyst’ s probl em of recon-
structing chronol ogical histories for paral l el ed equipment subsystems,
because it will record all switchi ng information automatica lly.

Data elements rel ative to failure events wi ll be prearranged in the
correct analysis format.

Responses to requests for analyses of installed subsystem s for
either RAM or ICC eval uations can be answered on a more timel y basis.

Investigations and developments of shorter “sampl i ng” techn i ques
for RAM analyses can be examined , based on the av ailabilit y of more
timel y and complete data.
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8 EQUI PMENT FOR AUTOMAT ED SYSTEM

Equipment Manufacturers Survey

In support of the methodology devel oped for data collection , a
vendor search was made to ident i fy manufacturers of the fol l owing types
of equi pment :

1. Portable hand-held or cart—mounted digital and alphanumeric —
data-entry equipment which can store entered information and later
transmit tne stored information to the host minicomputer which will be
located at the O&M center.

‘~~. Fixed minicomputer systems having direct entry keyboard , dual
disk drive u n i t  (one for program and one for storage), CRT display, and
line printer; having interfaces to receive data from portable dig i t a l
devices and from optical scanning equipment; and having an interface to
transmit stored data to an offsite computer center.

3. Optical scanning equipment which can recognize numeric charac-
ters and normal mark—sense marking. (Note: alph a character recog-
nition , voice recognition , and magnetic -ink character recognition equip-
ment were not seriously considered because the cost was prohibitiv e and
the state of the art was uncertain.)

The survey of the data-processing equipment manufacturers included ,
but was not limited to , approximately 50 manufacturers. The survey in-
dicated the fol l owing information.

1. A review of vendors of portable hand—held or cart-mounted di g i-
tal recorders indicated that portable hand-held devices are readily
available for recording operational data and cost approximately $2000 on
a single-quantity basis. Cart-mounted portable recorders were not in-
cluded because the price started at $4000.

2. A review of vendors of fixed minicomputer systems, including
peripheral equipment , indicated that most of the major computer compa-
nies are beginning to market these i tems (e.g., WANG System 2200, IBM
Model 5100, Hewlett Packard 9830, Data General , etc.) and that they are
readily obtainable. The minicomputer with peripheral s ranges between
$20,000 to $40,000, based on a singl e-unit purcha se.
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3. A review of vendors of optical scanning equ i pment indicated
that only one manufacture r market s a unit suitable for data-col l ection
application. This is the Optical Scanning Corporation ’s Model 17; the
equipment costs $11 ,500, based on a sing le—quantity purchase .

Estimated Automated -System Equipment Costs

The estimated equipment costs for the automated system are based on
informal quotations on equivalent system components from two potential
minicomputer suppliers. In some cases , some equipment items originate
from the same sourc e for both suppliers ; however , other potential sup-
pl iers have not been examined yet. The costs shown in Tables 1 and 2
for the WANG System and the DATA GENERAL System, respectively, are based
on a General Services Administration discount of approximately 15
percent , which is standard for these types of components.

Both systems use “Flexible — Disk ,” random-access memory to store the
program and data. There have been no extensive technical eval uations
which would warrant reconm1ending one of these two terminals; however ,
both systems have been proven capable for commercial application. IBM ,
Hewl ett Packar d , and others have introduced similar systems. These are
not included in the anal ysis , because the ava i lable i nformati on i s ‘i im-
ited .

Duplicate Equipment

The proposed automated—facility system includes the costs of pro-
curing duplicate sets of system equipment. This will make it possible
to check problems of interaction between a fiel d instal l ation and a cen-
tral facility, including the transfer of data streams. In addition , it
will be possible to veri fy that error-free data have been received at
the central facility, and that methods and procedures have been used at
the fiel d instal lation for updating files and keepi ng adequate data
storage available for current data. The plan insures that all system
equipment which will be used at the fiel d installation will have been
checked for operational status before application.
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Table I

Estimated System Costs (Deceither 1975),
WANG Laborator ies , Inc .

1. Terminal Equipment

Model 2200-S Processor $2,400.00

Option 24 1/0 Controller 1,600.00

16k Core Memo ry 3,400.00

Model 2226 CRT 2 ,600.00

Interfaces with OPSCAN 300.00

Subtotal $10 ,300 .00

2. Flexible Disc Memory
(3 Discs , 786 ,432 bytes) 6 ,000 .00

3. High-Speed Line Printer
(80 columns) 3,300.00

4. Telephone MODEM and Interfaces 1 ,000.00

5. Optical Scanning Corp
OPSCAN Model 17 u,soo .oo

6. Hand-held Source Data
Digi tal Recorders (2) 5,000.00

Total Estimated Costs $37,100.00
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Ta b le 2

Estimated System Costs (December 1975),
I~ TA GENERA L

1. Terminal Equipment

Model 8491 NOVA 3/12 Con~ uter $4 ,590.00

16k MOS Memo ry 425.00

Model 8432 Battery Back-up 340.00

Model 8530 Auto Progr. Load 170.00

Model 4077 Assy Line Contr. 128.00

Model 4078 EIA 43.00

Model 6012 CRT 2 ,300.00

Interfaces with OPSCAN 300.00

Mounting Rack 950.00

Subtotal $9,246.00

2. Fl ex ib l e  Di sc Memory
Two Model 6030 Flexible Disc Sets
(786,423 bytes) 6,120.00

3. High-Speed Line Printer - Model 31 3,300 .00

4. Telephone MODEM and Interfaces 1 ,000 .00

5. Optical Scanning Corp
OPSCAN Model 17 11 ,500.00

6. Hand-Held Source Data Digital
Recorders (2) 5,000 .00

Total Es timated Costs $36,166.00
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O MANPOWER REQUIREMENTS Ff~R ONSITE OPERATIONOF AUTOMATED SYSTEM

The automated system des ign  has been based on maintaining congru-
ency with an operational facility ’s present data—handling procedures.
The defects inherent in the system confi guration used in a fiel d experi-
ment , which did not guard against entry errors , have been eliminated in
the rev i sed system. Digital cassette tapes* were used to store both the
programs and the data , and had to be changed frequently. For instance ,
the data recorded for the generator sets was maintained separately by
using a different cassette for each generator set; this resul ted in
several human errors. In addition , the inability to use d ig ita l cas-
settes in a random- access mode of operation necessitated considerable
processing time to produce hard-copy reports. Report processing time
was 15 minutes with digital cassette data storage techn i ques.

The difficulties of human error and l ong processing time have been
overcome by using flexible disks to record data and data-processing pro-
grams. These disks are designed for random access , so that the produc-
tion of reports in hard—copy form is reduced to less than 2 minutes.

• The storage capacity of a sing le flexible disk is 262,144 bytes; thus ,
one disk can store all the programs requ i red to operate the system , as
compared to four cassette tapes. The additional fl exible disks wo uld
store all the input data , providing 524,288 bytes of storage. This
storage capability would be sufficient to record both operational and
maintenance dat a for at least 2 months at a typical facility. After the
data is transferred automatically to a central facility, the disks will
be reusable. The facility must retain information entered for the past
month to produce monthly summary reports. Originally, the manual pro-
cedure kept all of the past month’ s data , but the new procedure will
store the summarized trend and reference dat a necessary to prepare fa-
cility reports.

Field experiment indicates that 0&M personnel can use the automated
system with minimal training ; thus , special computer operators are not
required . Furthermore, using hand-held source—data digital recorders
and/or mark—sense sheets will reduce the data-report i ng workload on O&M
personnel by nearly 50 percent , and increase the time avai lable for more
productive work.

a

* Digital cassettes were initial l y used because they were cheaper;
however , later studies indicated that they were not cost-effective.
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The manp ower required to transfer the recorded data in a useful
form to a central facility (a central clearinghouse) is negligibl e. A
telephone connection is first made between the terminal s at the facility
and a central location ; next , the reading and transcription of the data
stored on the flexible disk s is designated for storage; finally, tran-
scription onto comparable disks at the central faci l i ty is accomplished
in less than 5 minutes at normal dat a—transmission rates.
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1.1) RECOMMENDED DATA-BANK ORGANIZATION
AND CLEARIN GHOUSE OPERATION

Data  Bank

Figures 5, 6, 7, and 8 illustrate data collection , storage , and
usage .

Historical data should be entered on CRAM forms (not statistically
analyzed ) which are similar to Office of the Chief of Engineers (OCE)
Form s I and II. This form is currently being refi ned for RAM and LCC
data -bank application. When this is completed , the source data can be
organized and the f i l led—out form used as a RAM/LCC data bank. Since
fo rm s are structured for computer processing , they can be kept as they
were originally and stored manually, or be keypunched and stored by the
computer. This data can also be microfilmed at the site; processing can
be done offsite , and checking and screening for duplication and error
can be done by a central clearinghouse .

The data col l ected will be computer- processed , using OCE data pro-
cedures to create a data bank of input information (not statistically

• eval uated) on magnetic tape for RAM and LCC. The data collected can be
filed manually, creating a manual data bank which will be copied period-
ically for use in manual statistical eval uation. The data out put from
this system would be the events affecting mean time before failure
(MTBF) and mean time to repair (MTTR), i.e., chronology, failure , main-
tenance , repair , and time for parts delivery. Load-profile information
would be included , if available.

Present and future data will be col l ected with machi ne aids to form
a statistically eval uated data bank. Computer aids will be used to re-
trieve nonstatistical EMS—RAM data. This data will be computer-pro-
cessed , using the OCE data procedures computer program. This will
create an EMS—RAM data bank on magnetic tape of statistically anal yzed
RAM type data , with an expected confidence of approximately 95 percent.

Manual methods , aided by a programmable calculator , can also be
used to store data. EMS—RAM data can be retrieved manually from a com-
puter-created data bank or from a manually created data file; together
with the calculator , this dat a can be used to make statistical estimates
of MTB F an d MTTR , based on the Weibu l l failure rate distribution func-
tion. This will manually create an EMS RAM data bank ¶stat i stica lly

• supported), with an expected confidence of approximately 50 percent.
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Clear inghouse Operation

The central clearinghouse operation has several functions:

1. Checking and screening incoming information for duplication and
error.

2. Verifying that information is correct.

3. Executing the means of putti~g information in a nonstatistical
data bank.

4. Di stribut i ng the i nformation from the nonstatistical data bank

5. Physically analyzing and updating the data bank

6. Di stributing RAM information.
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U CONCLUS IONS

This research has produced the followi ng conclusions:

Revisions to OCE Form s I and II will improve RAM and LCC analysis
by providing the capabil ity to enter discrete segments of data and to
categorize such segments automaticall y.

An automated system will improve the means of acquiring source data
and will reduce the costs of data acquisition , reduction , anal ys i s,
stora ge, and retrieval procedures by 2 to 5 cents per dat a frame.

An automated system will benefit O&M, cost reporting , and super—
v i sory personnel , as well as personnel requiring RAM analyses.

An automated system requires only minimal training for O&M person—
mel , but can reduce their data-reporting workload by nearly 50 percent .
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APPENDIX A:

ANALYTICAL TECHN IQUES AND
DATA SOURCE

Analytical Techn i ques for Assessing EMS and
Elec trical and Mechanical Equipment (EME) RAM

Since EMS and EME are repairable and maintainable throughout the
life of the equipment , a l iterature search was conducted to determine
current techn i ques in assessing their RAM factors. Applicable l itera-
ture references and annotated comments have been included .

Literature review has showo that l imited work was done in devel-
oping new analytical techn i ques to assess the RAM of such EMS and EME.
Further research and devel opment will be required to devel op general ized
procedures for assess ing the RAM of general EMS and EME wh i ch con-
tinuously need maintenance and repairs.

1. Amstadler , B. L., Prediction of System Reliability by Method of
Bounds, Reliability and Maintainability Symposium , Boston , MA (1968), pp
423-448. The system reliability was determined by initially calculating
the upper and lower reliability limits and then combining the results to
arrive at the final overal l system reliability. In this analysis , main-
tained systems have been ignored ; however , the methodol ogy presented is
un i que , because rel i ability estimates were treated as mathematical limit
problems.

2. Billingto n , Ray, “Bibliography on the Application of Proba-
bility Methods in Power System Rel i ability Eval uation ,” IEEE Trans ac ti on
on Power Apparatus and Systems, Vol DAS—91 , No. 2 (March/April 1972), pp
649—650. This article presented a computer-aided procedure for deter-
mining reliability of serial and redundant components. The procedure is
not capable of handling repairable equipment.

3. Burjacott , John A., “Network Approaches to Finding the Re-
liability of Repairable Systems,” IEEE Transaction on Rel i ability , Vol
R-19, No. 4 (November 1970), pp 140-146. This paper presented a bibl i-
ography for the power-system reliability eval uation , but none of the en-
tries considered all the factors rel ated to estimating the rel i ability
of maintained systems.

4. Cici , A. S., and V. 0. Muglia , “Computer Reliability Opt i-
mi zation System,” IEEE Transactions on Reliabilit y, Vol R—20, No. 3
(August 1973), pp 110-116. Two approaches were described : (1) succes-
sive reduction of the network, and (2) nominal paths or cuts. Of the
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two methods presented , onl y the series /parallel system approach appears
to be practical . Manpower allocation was not considered .

5. Feely, John M. , A Method of Predicting and Apportioning S~’stem
Effectiveness Estimators. 10th Annual West Cost Rel i abil ity Symposium ,
~everT y Hil ls , CA (February 1969), pp 135-155. This paper presented the
system organ ization of computer programs writ ten to handle reliabil i ty
calcul ations covering design , production , and field application phases - •

applicable to electronic systems. The computer programs do not consider
maintained components.

6. Fleming, Jan us 1.. “Relcomp: A Computer Program for Calcu-
lating System Rel i ability and MTBF ,” IEEE Transactions on Rel i ability,
Vol R-20 , No. 3 (August 1971), pp 102—107. This paper presented a
method for determining the avai labi l i ty  and reliability of pseudo—main-
tained systems. This method does not allow for multipl e failures nor
does it consider manpower avai labi l i ty directly.

7. Kim , V . H., K. E. Case, and P. M. Ghare , “A Method for Com-
puting Compl ex System Reliability, ” IEEE Transactions on Rel i ability,
Vol R-21 , No. 4 (November 1972), pp 215—21g. This paper presented a
method for converting a series /parallel system of components into a
probal i stic graphical format. The graphical resul t was used to compute
rel i ability. Only nonrepa i rable components can be considered in this
method of analysis.

8. Krishnamurthy , E. V., and G. Komissar , “Computer-Aided Re-
liability Anal ysis of Complicated Networks,” IEEE Transac ti ons on Re-
liability , Vol R—2 1, No. 2 (May 1972), pp 86—8g. The al gorithm pre-
sented a process whereby a complicated network of components was reduced
into smal ler sets of manageable parts before reliability calculations
were made. This methodol ogy only considered nonrepairable components.

9. Spann , A. C., “A Synergistic Reliability and Maintainability
Prediction Package ,” Proceed ings of the 1973 Annual Reliabilit y and
Maintainability Symposium (January 23—25 , 1973), pp 542—549 . This paper
presented an online system for comput i ng the reliability of a maintained
system which considered maintenance pol icy and spare parts inventory ;
however, the procedure requires all model s to be in serial (or reducibl e
to serial ) form. Furthermore, the procedure does not provide for man-
power allocation. Although the program appears to be the closest simu-
lation system available for handling repairable systems of arbitrary
configurations , the procedure appears to be too restrictive for general
application.
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10. Tiger , Bernard , System Effectiveness by Computer, Rel i ability
and Maintainability Symposium, San Franc i sco , CA (1972), pp 59-67. This
paper presented a simpl e computer—aided method for calculat ing MIRE
availability and survival of complex systems; however , the repair time
must be rel ativel y smal l as compared to the MTBF of the system for the
approximation to be val id. The procedure is limited to series model s
only.

11. Van Sl yke , R., and H. Frank , “Network Reliability Analysis ,
Part 1,” Networks, Vol 1, No. 3 (1972), pp 279—290. Although the title
appeared to be applicable to the situation , this procedure used a commu-
nication type of network modeling which was described by nodes and links
and which were subject to failure . This methodol ogy did not really ad-
dress the problem of repairable component reliability.

12. Vokac , I., R. L. Burke, and C. L. Muriby, Steady State A v a i l -
ability of Power Systems, Electronic Computer Program Abstract , Program
Number 712-C8-R5018 (U.S. Army Construction Engineering Research Labora-
tory [CERL], December 1973). The computer—aided procedure was origi-
nally devel oped to determine the availability of maintained el ectric—
power generation and distribution systems having “N” num bers of
identical power generation modules , up to four motor generator sets, and
up to three c on-inercial power interties in parallel operations. The
power generation module is treated as having “M” number of series equip-
ment and further allows consideration of equipment operation , corrective
maintenance , and preventive maintenance activities. Even though the
procedure was created sol ely for the power generation and distribution
system availabil i ty assessment , the procedural approach can be readily
applied to a wide range of maintained el ectrical/mechanical systems and
equipment . This computer—aided procedure as currently written cannot be
easily adapted to any electrical/mechanical system.

Identification of Mission Critical EMS Installation
Within a Fixed Military Instal l ation

A detailed review by BAARINC of Army Regul ation 415-28 identified
12 different types of EMS which were necessary to support Army-construc-
ted facilities operation.5 Then , each EMS was place d into a s imula ted
failure state to determine whether any of the ident i f ied EMS failures
caused “risky” or “hazar dous ” operation for the facility classes when
compl eting their intended missions ; “risky” operation was defi ned as a

5 Department of the Army Facility Class es and Construction Categories ,
AR 415-28 (Department of the Army, 10 August 1973); Booz , Al len Ap-
plied Research Inc., Data Systems Procedures. AD871151L (Department
of the Army, May 1970).
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chance that a future facility— class mission would be aborted because of
EMS failure . “Hazardous” operation was defined as a chance that a
future faci l i ty —class mission would be aborted because of physical EMS
failure causing damage to either the facility and/or to the operating
personnel. Table 1 of the review by BARRINC presents the resulting
fai lure —state analysis.

In order to identify the critical EMS instal l ation , all the “risk”
and “hazard” events were suninarized as a function of EMS and faci l i ty
group cl ass. The letters “H” or “R” were assigned to the “ha zard” and
“risk” situations , respectively, and if both situations existed , the
l etters “R ,H” were assigned . Then , the “R” and “H” were total ed for
each EMS, and the respective percentages were calculated . Table 2 of
the BAARINC review presents the resulting matrix. However , the summary
did not clearly indicate the hierarchy of critical EMS; therefore , the
results of Table 2 were further categorized , based on “R ,” “H ,” and
“R&H” events , and the EMS ranked based on highest number of occurrences
in “R” “H” and “R&H.” Table 3 of the review presents the resultant
ranking . The results shown in Table 3 indicate that some of the EMS
were commonly ranked high (within the first five) when “R ” “H” and
“R&H” events were considered sepa rately. Based on the number of “R”
“H” and “R&H” occurrences within the first five rankings , the events
were reranked as a function of EMS. The results of the ranking are pre-
sented as Table 4 of the BAARINC review.

The data in Table 4 show firefight i ng , water , and sewage systems to
be the highest ranking. However, the current design practices consider
the EMS of these three in great detail , and they are built in accordance
with national codes; therefore, these EMS were , in effect, el iminated
from further consideration. The remaining EMS included el ectrical ,
lighting , heating —ventilation — air condition (HVAC), chemical handling,
fuel , and pneumatic systems as possible critical EMS. One of the conmon
needs of the remaining EMS was electrical power both to drive the prime
mover invol ved with HVAC , chemical handling , and the pneumatic system,
and to provide light i ng. Therefore, the most critical EMS would be
el ectric-power distribution and/or electric—p ower generation systems.
This should be followed by the HVAC system.

Identification of Available Data Types
From Hi stor ical Records

Using the previously identifi ed critical EMS (electrical power gen-
eration and distribution system) as a reference, the data collection ef-
forts were accomplished during September and October 1973 as a joint
effort between Kwajalein Missile Range (KMR), OCE ’s Advanced Technology
Branch , and the U.S. Army Construction Engineering Research Laboratory
(CERL), using the BAARINC source-data acquisition procedure . This site
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was selected because the power plant was continuously operated to pro-
vide electric power and because data on the same power plants had been
collected from 1962 to 1966. The 1966 to 1973 data was collected from
the followi ng KMR power plants:

Power Plant No. 1 ( ZAR ) Nine - 1500 kW , 327 rpm
Coo per - Bessemer /EMC

Power Plant No. 2 (BATTERY) Six - 800 kW , 450 rpm
White/Westinghouse

Roi Namur Power Plant Nine — 1500 kW , 900 rpm
Al co/ Westi ngho use

Mec k Isl and Nine — 1500 kW , 900 rpm
General Motors/Electric Prod uct

Ill eginni Power Pl ant Four — 800 kW. 1200 rpm
Caterpillar / KATO

The collected data was analyzed at CERL , using the XE procedure .
Even though the collected data was extensive , and the data reduction
efforts were limited to the Roi Namur Power Plants , some needed data was
missing : the maintenance foreman/engineer logs and the maintenan ce
technical reports. As a result , only gross availability assessmen t and
overall LCC assessment were possible.

Identifi ca ti on of Av ai lab le Data Type From Current Records

To identify current data availability, a diesel—el ectric power
plant was selected for study, s i nce hi stor ical data was also colle cted
on such power plants. A search to determine which mil itary installation

• was generating el ectricity continuously revealed that the USAF SAGE
Power Pl ant, 25AD, McChord AFB , Tacoma , WA , had a continuously operated
diesel-el ectric power plant.

Using past data-collecting experience , researchers rev iewed the
• plant to insure that all the data necessary for assessing RAM and LCC

would be available. The study indicated that all the necessary data was
avai l able; however , data older than 2 years was not available on the

• base in conformance with a Government regul ation; i.e., after 2 years ,
all the data is sent to the central archives to the USAF Air Defense
Command.
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Identification of Current Sources of RAM and LCC Data

A study identif ied the followi ng current data sources which could
be used to obtain RAM and LCC data for EMS:

1. An AFM —66- 1 data bank maintained by the U.S. Air Force for
parts replacement logist ics on the Minuteman Missile Systems.

2. A 3M data bank maintained by the U.S. Navy for general parts
repl acement logistics.

3. A RAM data bank devel oped by the U.S. Army to support SAFEGUARD
system devel opment.

4. A Government Industry Data Exchange Program (GIDEP) data bank
maintained by Tn Service for assessing RAM, which is currently being
administered by the U.S. Navy Missi le Fleet Analysis , Corona , CA.

Since the purpose of the study was to determine data sources for
assessing RAM , the Air Force ’s AFM-66— 1 and the Navy ’s data banks were
reviewed and found to be unsuitable because the repl acement data within
these dat a banks did not just i fy why the parts were repl aced .

The data bank prepared for SAFEGUARD systems development is a suit-
able source , but the data bank is insufficient to support all EMS RAM
assessment studies. Currently, the data bank primarily has data on the
power plant , but does not cover all types and sizes of diesel-el ectric
generator sets.

The GIDEP data bank is maintained by the Tn Services (Army, Navy ,
and Air Force) and the National Aeronautics and Space Administration
(NASA). It was originally a cooperative venture between the user indus-
tries and the Government (In Service) for exchanging information on
el ectronic component performance. The user industries -- i.e., indus-
tries that use components such as transistors , ca pac itors , resistors ,
etc., and that manufacture el ectronic equipment for the Government agen-
ci es ’ consumption -— would report failure s or suspected problem areas
with certain component manufacturers. This information was passed on to
all participating Governmental agencies and industries. The shared data

• was used to obtain greater rel iability from the fi nal product and as a
cost-avoidance factor for the project.

As a resul t of the rapidly increasing operating and maintenance
costs and the need for more reliable products , the Energy Resourc es and
Devel opment Agency , the Mine Enforcement and Safety Administration , and
the U.S. Postal Service have become participating members of GIDEP in
hopes of reducing their operation costs through cost—avoidance programs .
The data currentl y being entered into GIDEP has been expanded to include
el ectrical and mechanical equi pment.
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DIESEL POWER PL~~~1 ‘:e’EPATIHO LOG DIESI L— ~ LECTRIC)
(AF 11.67 I100

CLfl~wir6) HOC BHS6 MCCHOWI. AR B~~-L S i T E  cAflE POS&R PtANT DATE 21 APR 75

ENO f~& PUS S OF 6. ERTLRI’R X SE MOt~EL OSO-38, 14P-1755; SERIAL NUPIUF A 5704?

~~ NERA1OR, ELLIOT SERIAL NIJ~~.ER 55-1.0517 PHI ING 1250KW

RE VIEWI NG ENG I NEER bf’TE REVIEWED 

CHAOWOLOGICAL HISTCjPV S REMARI~T
TII~~e345 FUEL TRUCK ARRIVED. ‘500 OALS~ (.ORRECTCD TO 7535

PUT INTO lANE Ii,
04±0 ROCKER ARti INSPECT lOlL COPWt ET ED. ALL NORMAL
0990 FUEL TRUCK HRICIVED, 7500 GALS~ CIORRECTED TO 7535
1300 ROCKER ARM INSPECTION COARLETED. ALL NORMAL

• • i53t~ CHH~1(JLU DROOPS AND LOADED 04 DEO
1545 ROCKER ARM INSPECTION COMPLETED. ALL NORMAL
2930 LOAD BALANCED TO NORMAL

SUMMARY DIESEL FUEL S LUBE OIL USAGE

IIEIER 6ti87~ 7 1R’.’ TANK PREy 2475± PLANT
METER PktV OR’? 657249 RODEO TODAY 0 C IESEL LtIRF
IIET U5EO 145$ PUNNING TOTAL 24751. CARRY FORWARD 1O72T~it 1R4 0

RECEIVED iSO?0 0
SUBTOTAL 122321 1540
USED TODAY 3206 0• - ON HAND .1 1 9935 1549

• ENG INE Of-’EP HOURS ENGI N E EXHAUST STAT IO N BATTERI E~,PREy TOTAL 46943 CLEAR K TRICKLE K I. AMPS
• TODAY 24 VlS~ aLE CHARGING i.~~ VOL T S

NET TOTAL 46967 DARK HATER ROOED~ YES
TiM E see K NO

OPERATiNG PERSONNEL

(1.) (2) 3 

.
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ENGINE TEIIPERMTUFF S

I t,~~ JKT PQIJ LI.~~E OIL TUROO DRY CYI. CVI. CVI. CVI. CVI. CVI. I.YL CVI. ~~~ QI1

IN OUT IN OUT OUT T~~I( *1 02 03 04 05 06 •7 oe luRon
0 151 156 155 170 160 • 91 660 695 680 649 690 660 6?0 65 600

100 151 154 155 174’ 160 0. 69 660 6 5  675 640 699 669 P6.0 65 690
200 1.51 156 155 110 160 S 94 670 690 675 645 690 66’) 6~ (1 655 605
300 151 15? 1S5 179 160 0. 09 670 695 680 640 695 465 ~~•5 66.’ 610
400 151 157 155 170 160 S 63 679 690 680 640 690 615 6 7 ’  66’) 610
500 152 154 155 170 160 a.. 660 690 470 640 600 660 E~.i’ 660 600
690 iSi 156 155 170 160 0. 69 640 669 640 625 665 640 6 R  44(1 5145
700 149 1~4 155 170 159 0. 75 630 669 660 620 66¾) 640 6.4(1 640 580
500 151 154 154 110 ±60 0 75 675 700 695 660 710 685 7(10 695 640
900 150 1 1  155 171 162 0. 63 710 739 125 695 735 700 71i~, 100 645
ieee iso 1.2 156 171 162 0 Si 715 735 725 695 73~. 705 7±5 705 645
1190 151 162 1.55 172 162 0. 63 725 745 725 790 744~ 715 7 C 4  705 €‘~~128(1 151 iii? 155 ±72 162 (4 00 720 735 725 695 725 710 7 2 4  ~05 6’~T
1300 151 163 155 172 162 0. 63 760. 705. 7700 740 ?95e 759 7~~ ;~ ?4~ 6~~4
1400 151 161 156 172 163 9. 90 700 728 715 600 ?2~ 690 700 690 6.~51500 151 160 ±56 172 163 0. 69 699 715 715 675 715 685 C5’ 485 62~1680 154 159 153 170 160 0. 63 650 690 675 645 680 650 640 635 585
1700 140 149 152 167 152 0. 99 490 529 540* 490 525 408 4~ OS 495 458
1800 136 148 152 165 152 0. 75 475 500 538 475 5±0 460 51)14 470 440*.
1980 132 136 1.52 164 150 0. 69 440 465 495 440 475 429 51)8 450 42O~2000 130 1.34 151 164 150 0. 63 440 470 500 440 475 435 4145 459 4~~~~92100 150 155 155 169 160 0. 00 665 685 680 650 675 6~ 5 .7 ’S 660 6~ O
228(3 150 156 155 170 160 0. 69 670 690 690 650 690 655 670 665 .710
2300 149 154 154 170 iss a 63 669 600 600 640 680 650 665 660 (‘.0

ENG I NE PRESSURES (P S I )  ELECTRIC OENFFATOR
TIME COOL LUBE FUEL TURBO AIR TUR$O ALT AMPS AMPS PIMPS .04 KVAP EXC I TOR

H20 OIL OIL OIL 4004 1 VIOR TEMP P4401 P44*2 P44*3 (0’ AMPS
IN IN IN IN IN PP D C

0 13 46 28 31 4 0 NORM AL 60 148 82i.. $9
108 13 46 28 31 4 0 NORMAL 60 140 140 140 82~ 86 04
280 13 46 28 31 4 1 NORMAL 60 140 05.. 80
380 13 46 28 37 4 2 NORMAL 69 140 85€. 148
490 13 46 28 37 4. 2 NORMAL 60 148 050 88
500 11 46 29 36 4 . 2 NORPOIC 59 140 825 8(4
600 13 46 28 36 4 0 NORMAL 50 140 025 89
700 13 46 28 37 4 1 NORMAL 50 130 775 88
800 13 46 2 36 4 9 NORMAL 5? 135 000 05
9(10 13 46 2? . ~5 4 5 NORMAL ~. 155’ 150 150 904 6? 96

1090 13 46 27 35 4 4 NORMAL 63 150 92~.. 80
1180 13 46 27 35 4 4 NORMAl. 63 150 925 7~4

12.30 13 46 2’ 35 4 4 NORMAL 63 1% 925 4’?
h O G  13 46 27 35 4 . 8 NORM AL 63 150 90(4 97
1400 13 46 2? 35 4 8 NORMAL 68 155’ 1000
100 13 46 27 33 3 9 NORMAL 63 140 051 80
1600 13 46 27 35 3 4 NORMAL 63 140 7:~~ 98
1700 ±2 4? 27 36 2. 2 NORM AL 53 00 90 80 50(1 147 71
1000 12 41 2? 36 2. 2 NORMAL 52 08 . 4~~’ 67
1.900 12 4? 7? 36 1.9 NORW4 51 70* 4(10 149
2000 12 41 27 36 2. 0 NORMAL 50 72* 4(40 ~4?
2100 13 45 2? 38 4. 0 NORMAL 38 130 066. 88
2200 1] 45 2? 35 3 9 NORMAL 59 130 775 48
2300 13 45 2? 35 3 9 NORMAL 59 130 800 6?
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PAUE 3 OF I

ENOIIL pp l SS ’A~6S  ~PSI~ FUEL P4.1-IF RAI l.. POSIT IONS
FUEl. Oil. LURE Oil. Ck$P*~ START I?il CVI. CVL 4~vt C~ 1. CVI. CVI. C.VL CVI.

TI NE IN OUT IN OUT VAt AIR ~~Ii 51 02 53 54 55 06 07 50
1110 28 2? 56 53 0 4  228 0 5 1 9 5 2* ) 0 2 S . 5 20 0 20 5 28 1 20 0 19. 5
000 2? 20 55 52 . 5  210 ( ‘ 5 2 1 5 21 S 21 1 2 1 . 0 2 1 . 5 31 1 21. 1 20. 5

17110 2? 20. 55’ 54 • 5  238 ‘~~4 1 4 5 14. I15 Ia5 * 15 • i4 S 14 5 j4. 5

0*iP MNQ8L
V INE OFF
100 * I
100 1 1

1190 1 1.

TOTA L 3 3
P09VIOUS 41 27
TO 0016 44 38
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Tikeaio rl . (~~ ard N.
ProcedureS b r  co l lect ion of rel iability, availa bility , and mainta inabilit y

data on ele ctr ical and mechanica l syste ms / by E . N. Ta kemori, H . J. P~ l lo ck .
--Charçaign , II. : Constructio, fnf)ineering Resear ch Laboratory ; Springf ield.
VA : ava i la ble from NTIS. 1978.

SS p., 27 cm . (Spec ia l report (— 137)

I . Bulldinqs .electr lc equ1pment--maint~nance and repair. 2. Buildings.
mechanical equ ipme nt— -maintenance and repa ir. 3. M ai ntainabi l ity (engineer-
1449). 4. Re l iab Il i ty (engineering). I . Pollock , Norris , J. II . Title.
II!. Series: U .S . Construc tion Engineer ing Researc h Laboratory . Speci al
report ; (-137. 
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