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ABSTRACT

This report presents the results of a review of approximately

600 Equipment Performance Reports generated during developmental

testing of the AN/TSQ-112 Tactical Communications and Emitter Iden-
tifigeation System (TACELIS). The methodology for developmenting
reliability values from a data base of incident reports is
explained. Reliability values are given for the entrie system,
its major assemlies, and the Line REPLACEABLE Units of the system.
Formulas are developed for computing reliability values
coresponding to any defined state from operation of the TACELIS
system. The reliability growth of the system components during th
e test period though represented by the particular data base
studied is analyzed. Recommendations are given for improving the
hardware-related reliability of the TACELIS system. Suggested

improvements to the information-gathering practices and data

analysis procedures employed during developmental testing are

outlined.
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FOREWORD

This report presents the results of a review of Equipment Performance

Reports generated during developmental testing of the AN/TSQ-112 Tactical

Communications and Emitter Identification System (TACELIS). The work

described in this document was performed for the U.S. Army Signals Warfare

Laboratory, Vint Hill Farms Station, Warrenton, Virginia, under Contract

DAEA18-72-0005-D302. 1
1
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Technical direction for this contract was provided by Mr. Dave Patty
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ABSTRACT

)]

This report presents the results of a review of approximately 600
Equipment Performance Reports generated during developmental testing of
the AN/TSQ-112 Tactical Communications and Emitter Identification System
(TACELIS). The methodology for developing reliability values from a data
base of incident reports is explained. Reliability values are given for
the entire system, its major assemblies, and the Line Replaccable Units
of the system. Formulas are developed for computing reliability values
corresponding to any defined state of operation of the TACELIS system.
The reliability growth of the system components during the test period
represented by the particular data base studied is analyzed. Recommenda-
tions are given for improving the hardware-related reliability of the
TACELIS system. Suggested improvements to the information-gathering
practices and data analysis procedures employed during developmental
testing are outlined.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

The U.S. Army is in the process of developing the Tactical Communica-
tions and Emitter Identification System (TACELIS). The TACELIS system is
part of a larger intelligence~-gathering and communications-jamming complex
designated TACOM-EW. The TACOM-EW system is deployed in several Army
vehicles and shelters near the Forward Edge of the Battle Area (FEBA) to
gather intelligence from the interception of enemy communications and to
control active jamming of these signals. The TACELIS system hardware
includes more than 130 different Line Replaceable Unit (LRU) types, con-
sisting of both Government Furnished Equipments (GFE) and contractor-
developed items. Several different software applications packages hosted
by various computers control the operation of the system.

The TACELIS system, at full equipment strength, is composed of:

* A Control and Processing Center (CPC), which includes 23 operator
stations, each served by a Cathode Ray Tube (CRT) display. The CPC
equipment is contained in four large vans.

* Two Remote Master Stations (RMSs), each deploying sheltered elec-
tronic equipment and an antenna support vehicle carried in four
trucks and a cargo van.

* Eight Remote Slave Stations (RSSs), each including electronic
equipment and other hardware sheltered in a tracked vehicle.

The TACELIS communications intelligence-gathering system is currently
undergoing developmental testing at the U.S. Army Electronic Proving Ground
at Fort Huachuca, Arizona. Table 1-1 lists the seven Army agencies involved
in the materiel development process for the TACELIS system.

The U.S. Army Signals Warfare Laboratory, as Materiel Developer for
the TACELIS system, has placed ARINC Resecarch Corporation under contract
to review the hardware maintenance data from the first 11 months of develop-

mental testing.
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Table 1-1. U.S. ARMY AGENCIES PARTICIPATING IN ACQUISITION OF THE
TACELIS SYSTEM

Agency Function U.S. Army Agency

Materiel Developer Signals Warfare Laboratory (SWL)
vint Hill Farms Station
warrenton, Virginia

Developmental Tester U.S. Army Electronic Proving Ground
(USAEPG)
Fort Huachuca, Arizona

Developmental Evaluator Test and Evaluation Command (TECOM)
Aberdeen, Maryland

Combat Developer Training and Doctrine Command (TRADOC)
Fort Monroe, Virginia
Combat Developer/ U.S. Army Intelligence Center and School
Proponent (USAICS)
Fort Huachuca, Arizona
Operational Evaluator Operational Test and Evaluation Agency
(OTEA)
Bailey's Cross Roads, Virginia
RAM/Logistics Advisor U.S. Army Logistics Center (USALOGC)
to Combat Developer Fort Lee, Virginia

Army Regulation 70-10 states the concept, assigns responsibilities,
establishes policies, and prescribes procedures for test and evaluation,
and provides information for use at decision reviews during the materiel
acquisition process, in implementation of DoD Directive 5000.3 and in
consonance with the provisions of Army Regulation No. 1000-1.

Testir * is conducted (1) to demonstrate how well the materiel system
meets its technical and operational requirements; (2) to provide data for
assessing developmental and operational risk in decision-making; (3) to
verify that the technical, operational, and support problems identified in
previous testing have been corrected; and (4) to ensure that all critical
issues to be resolved by testing have been adequately considered.

Testing is divided into two basic categories -- developmental testing
and operational testing -- as described in Army Regulations 1000-1 and 71-3,
respectively. Developmental testing is the testing and evaluation conducted
to demonstrate that the engineering design and development process is com=-
plete, that the design risks have been minimized, and that the system will
meet specifications -- as well as to estimate the system's military utility
when it is introduced.




Developmental testing is planned, conducted, and monitored by the
Materiel Developer and is accomplished in a proving ground environment.
It includes engineering design testing and human factors testing to
demonstrate a satisfactory technical man-machine interface, using qualified
and experienced operators, crews, and maintenance support personnel.

As Materiel Developer for the TACELIS system, the Signals Warfare
Laboratory is tasked with demonstrating that the Reliability, Availability,
and Maintainability (RAM) goals for the system can be achieved. These
goals are defined in terms of the total system and the three major assem-
blies constituting the system. Quantitative RAM requirements for the
TACEL1S system are specified in Appendix A of the TACELIS Purchase Descrip-
tion AS-011-72, Revision A, 1 June 1972, These requirements are presented
in Table 1-2.

The data base for determining whether the assigned goals can be
achieved consists, in part, of detailed Maintenance Request forms that
are generated for every controlled maintenance action and for each modifi-
cation incorporated during developmental testing. Data from these forms
are compiled on Equipment Performance Report forms, which are evaluated at
a scoring .onference attended by the participating Army agencies. RAM
statistics are derived from the evaluated data in accordance with Army
Regulation 702-3 and MIL-STD-721B.

Table 1-2. TACELIS REQUIREMENTS
Mean Time Mean Time - Tk
Assembly Between Failures to Repair ST ERGE LY
(Inherent)
(Hours) (Hours)

Total System 100 100 .9680
Control and 400 60 .9975
Processing
Center
Remote Master 200 100 .9825
Station
Remote Slave 200 100 .9825
Station

1.2 OBJECTIVE

The objective of this study is to calculate RAM statistics for the
total TACELIS system, its major assemblies, and its Line Replaceable Units
(LRUs) . Candidate LRUs for increasing system reliability are identified.
Changes to improve reliability documentation during further testing are
recommended. In addition, certain analytic techniques that may extend the




.tatistical predictions and assessments of TACELIS RAM performance are
developed and evaluated. These same technigues will provide the means
tor identifying critical system deficiencies and evaluating design
alternatives.

1.3 APPROACH

For developmental testing of the TACELIS system, the major assembly
types were deployed in the following quantities:

* Control and Processing Center (CPC) 1
* Remote Master Station (RMS) 2
* Remote Slave Station (RSS) 4

Approximately 600 Equipment Performance Report forms had already been
generated during developmental testing of the TACELIS system at the start
of this study. This bounded set is the data base for the results presented
in this report.

The RAM values associated with TACELIS system elements have been
developed from an analysis of the data base. Reliability block diagrams
for the major assemblies have been used for computing assembly reliability
and for studying assembly sensitivity to selected units. The reliability
of the total system has been studied on the basis of a time history of
assembly failures.

1.4 REPORT ORGANIZATION

This report is organized so that the analysis of RAM statistics begins
at the simplest level, the Line Replaceable Units; increases in complexity
with an analysis of the major assemblies; and finally, deals with the total
system. The concepts and definitions to be used are described in Chapter
Two. In Chapters Three, Four, and Five, the RAM analysis proceeds through
the three system levels. Chapter Six presents a method for quantitatively
discussing system states having degraded operational capability. Reliability
growth is analyzed in Chapter Seven. Chapter Eight suggests changes for
maximizing RAM analysis opportunities during system testing. Chapters Nine
and Ten present the conclusions and recommendations, respectively.

1-4
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CHAPTER TWO
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CONCEPTS AND DEFINITIONS

This chapter presents the conceptual framework within which reliability
parameters are defined as used in this report.

2.1 AREAS OF RESPONSIBILITY

All agencies that participate in the development, use, and maintenance
of a system contribute to the effectiveness of the deployed system. There-
fore, two steps must be taken to give numerical descriptions and make
quantitative predictions about system effectiveness.

The responsibilities of each participating agency with respect to
the system must be identified.

Parameters that can be derived from data describing system response
in operational situations must be defined to serve as figures of

merit for the success of participating agencies in contributing to
system effectiveness.

The following areas of responsibility may be identified in .the develop-
ment and operation of a system:

Definition of system requirements

* Technical specifications

* Engineering design 4

** To meet functional requirements
** To facilitate use

** To allow convenient maintenance, repair, and replacement

* Manufacture

* Assembly
be * Definition of logistic support
. ¢ Use
8 * Maintenance and repair




Meeting these responsibilities is essential to the deployment of an
effective system. The requirements for the system must be accurately
identified. Technical specifications must be prepared so that a system
meeting those specifications will indeed be capable of fulfilling opera-
tional requirements. The design must guarantee that the functional require-
ments of the system are met.

Ease of maintenance, repair, and replacement considerations, as well
as convenience of use, should influence the design of the system. The
hardware configuration should be convenient to service during scheduled
maintenance. Parts likely to require the most frequent repair or replace-
ment should be designed to be the most accessible.

System design can also influence the ease of manufacturing and assembly
processes. These two processes have been addressed separately in this sec-
tion to permit a distinction between parts created specifically for system
use and off-the-shelf and/or Government-furnished equipment incorporated
into the system. The manufacturing and assembly processes must be success-
ful in achieving the design specifications for the system.

Finally, the effectiveness of an existing system depends on the situa-
tion in which it is used, maintained, and supported. The users of the
system must be trained to use it properly. Maintenance personnel must
also have appropriate training, as well as all necessary tools, sufficient
spare parts, and an adequate work area. The logistic support of the system
must be defined to maximize the effectiveness of the maintenance personnel.

During developmental testing of the TACELIS system, the areas of
responsibility must be met by the vendor, the Developmental Tester, and
the Materiel Developer. How well each area of responsibility is met can
be determined by an analysis of data describing system operation. Of
particular interest are all those occasions on which the system fails to
meet operational demands. )

The impact of all these areas of responsibility can be measured in
terms of two variables -- cost and time. It is not within the scope of
this report to deal with concepts of cost-effectiveness. The following
discussion, therefore, will develop parameters describing system effective-
ness in terms of calendar time that elapses during the existence of the
completed system.

2.2 PARAMETERS RELATING TO TIME

The time relationships that may be described for the purpose of defin-
ing parameters relating to system effectiveness are presented in MIL-STD-
721B, 25 August 1966 (with Change Notice 1, 10 March 1970). Figure 2-1
illustrates these time divisions and shows all that time in which the
following conditions prevail:

* Use of the system is not required

* The system is on alert status
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* The system is being brought into operation
* The system is performing its function, or mission, successfully

* The system is down
From Figure 2-1, the following time-related parameters can be defined:

* Mean Time Between Failures Uptime
(MTBF) Number of Failures

Corrective Maintenance Time
Number of Corrective Maintenance

* Mean Time To Repair (MTTR)

Actions
* Mean Time Between _ Uptime
Maintenance (MTBM) Number of Preventive and Corrective

Maintenance Actions

Maintenance Time
Number of Preventive and Corrective
Maintenance Actions

* Mean Maintenance Time (MMT)

* Inherent (or Intrinsic) Uptime
Availability Uptime + Corrective Maintenance Time

Uptime
Uptime + Maintenance Time

* Achieved Availability =

Uptime
Uptime + Downtime

* Operational Availability =

(All of these concepts have been presented for the sake of completeness.
Sufficient data are not available under this contract to develop all of
these parameters for the developmental testing of the TACELIS system.)

These foregoing definitions are composed as closely as possible in
accordance with the following publications:

* MIL-STD-721B, "Definitions of Effectiveness Terms for Reliability,
Maintainability, Human Factors and Safety"”

* TM 38-750, "The Army Maintenance Management System (TAMMS)"

* AR 702-3, "Product Assurance: Army Materiel Reliability, Availa-
bility, and Maintainability"

* AR 70-10, "Test and Evaluation During Development and Acquisition ‘
of Materiel" I
}

However, some areas of ambiguity exist among these publications. In addi- :
tion, the concepts and definitions presented in these documents do not

correspond exactly to the data collection situation for developmental test-

ing of the TACELIS system. Therefore, some differences exist between the

standard military definitions and their usage in this report.

One obvious area of difficulty is that during developmental testing
both uptime and downtime constitute the total demand time for the system.

2-5




The demand time occurs during the regular test day work shift of about 8
hours. Modification time (although it may be considered active time)
usually occurs at night, when no demands are being made on the system,
and therefore is not considered a part of downtime.

In all deployment situations, delay time, modification time, and, to
some extent, preventive maintenance time are deferred wherever possible to
that segment of the calendar in which no demands are being made on the sys-
tem. Since the determination of failure in practice frequently rests on
the demand status of the system, the time divisions presented in MIL-STD-
721B are not completely representative. By dividing active time into
demand and nondemand time, some difficulty might be resolved. Clarifica-
tion would also result from partitioning inactive time into free time and
storage time.

he definitions given in TM 38-750 for preventive maintenance man-hours
and active repalir maintenance man-hours correspond closely to the preventive
maintenance time and corrective maintenance time of MIL-STD-721B and have
been considered to be equivalent for evaluation of data in this study.
However, the definitions for available time, nonavailable time, and possible
days given in TM 38-750 do not correspond to any of the time categories in
MIL-STD-721B.

One area that remains unresolved is the meaning of standby time as
used in the definition of operational availability in AR 702-3. For this
report, it has been equated to alert time as used in MIL-STD-721R. However,
some analysts may prefer to extend the time the system is assumed operable
into inactive time. 1In addition, there is no formula reported in the Army
publications reviewed for this report dealing with uncompleted repair
actions. Corrective repair actions for which complete documentation is
not available have been omitted from the MI''R calculations in this report.

2.3 LEVELS OF ANALYSIS

The discussion of time-related parameters applies to any defined sys-
tem. The same analysis can be applied to the entire TACELIS system, to
each of the major assemblies, and to ecach of the Line Replaceable Units
within the system. It is only necessary to ensure that whatever is reported
as a failure, maintenance action, uptime and downtime, etc., is appropriate
to the level being studied.

During developmental testing of the TACELIS system, data are being
recorded for use in computing the time-related parameters at two levels --
the major assembly and the Line Replaceable Unit (LRU). The discussion of
incident categories applies to data at the LRU level.




2.4 INCIDENT CATEGORIES

If a unit within a system being tested falls below a previously de-
fined acceptable level of operation, the incident is recorded; subsequent
evaluation may place the incident in one of these typical categories:

A. The unit failed to meet the operational requirements appropriate
to its location and function within the system.

B. The unit did not meet technical specifications.

C. The unit suffered a failure characteristic of the statistical
distribution of failures with time for that generic type.

D. The unit was improperly used (including breakage).

5. The unit was poorly maintained or previously not adequately
repaired.

F. The unit was defective.
G. The unit was improperly assembled or installed.

H. The incident was improperly diagnosed as attributable to this unit
when, in fact, it was the result of a malfunctioning switch, fuse,
power supply, etc., critical to the unit but not part of it.

These incident categories may be studied to assign responsibility.
For example, the population of incidents in Category C would definitely
be counted as failures in an assessment of how successfully a vendor had
met unit mean life specifications; those incidents in Category H would not
be considered. Incidents described by D, E, and G might be counted as
failures in a vendor assessment if they resulted from markedly poor design.
All incident categories are of interest to the field user of the system,
who simply wants to know how often he can depend on the system when he
needs it.

e ——— e

It can be seen from this discussion that the time-related parameters
previously defined can have several values depending on evaluation of the
reported incidents. The MTBF value reported to a potential user of the
system would be quite different from the value used to determine the merit
of a vendor's manufactured unit.

2.5 RELIABILITY, AVAILABILITY, AND REPAIRABILITY r

One further step may be taken in developing figures of merit from the
time-related parameters. If the number of unscheduled failures is taken
to be equal to the number of corrective maintenance actions, then the
definition of inherent availability can be restated as follows:

Inherent Availabilit Sptims
Inhere S o e — -
Y Uptime + Corrective Maintenance Time
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Let U = uptime
N = number of failures, which is assumed equal to the number of repairs

C = corrective maintenance time

Then

U
g+ C

i

Inherent availability

.. .
U/N + C/N

_ ___ MTBF

MTBF + MTTR

In the same way,

; : &3 MTBF
~t e F. = —————————
Achieved availability MTBF + MMT
and
; : . MTBF
Operat 1A 1 i =
perationa vailability MTBF + MMT + MDT
where

MDT = mean delay time (see Figure 2-1)

If the time-related parameters, MTBF and MTTR, are assumed to become
constant with time as a system or a population of LRUs matures, then the
following mathematical definitions are true:

* Reliability. The probability that a system will perform satisfac-
torily for at least a given period of time, T, when used under
specified conditions. Thus

!

Reliability = exp :—wmm‘,

* Repairability. The probability that a failed system will be

restored to operable condition in a specified active repair time T.

Thus

Repairability = exp {—T/MTRF:

In this study, the definitions specified in Sections 2.2 and 2.5 have

been used in the analysis of TACELIS developmental test data.
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CHAPTER THREE

ANALYSIS OF THE LINE REPLACEABLE UNITS

This chapter presents the analysis of the data describing the Line
Replaceable Units; a computational method for improving the analysis is
also suggested.

3.1 REQUIRED DATA

The following information should be available to calculate the time-
related parameters at the unit level for the TACELIS system:

* A complete listing of the LRU types that constitute the system

* An accurate statement of the number of individual units of each
type being used at any time in each of the major assemblies of
the system

* A history of the times for which ecach major assembly was "turned
on" or receiving power

g

* A history of all recorded incidents involving units in the TACELIS :
system, including preventive and corrective maintenance ‘

£

* The maintenance time associated with cach incident ‘
=

3.2 ASSUMPTIONS

Certain assumptions have been made to determine the use of these data:

* Malfunction of a unit can occur at any time during which the i
assembly containing that unit is receiving power, i.e., unit f
malfunction is defined not only for the duration of operational P
demand but for all the time the unit is powered (uptime).

e

* All units that failed during the night (before 0800 hours on the
next test day) have been recorded as failing exactly at the beginning
of the next test day. All units that failed during a weekend have 9
been recorded as failed at 0800 hours on Monday morning. (This
failure~reporting procedure results in an optimistic estimated value

of MTBF.)

3-1




+  After some time has elapsed in the testing of a population of a
given unit type, repairs and replacements will affect the characters
of the population, so that the failure rate and the repair rate foy
the unit type become constant with time. Constant rates have been
assumed in this analysis.

3.3 CALCULATION OF TIME-RELATED PARAMETERS

The statistic MTBF for a given unit type of the TACELIS system can be
calculated from the developmental test data as follows:

* Let the major assemblies be designated as CPC, RMS1, RMS2, RSSD,
RSSE, RSSF, and RSSG.

* Let Np cpe be the number of units of a given type functioning in
s OPC N v i i F o N . avs N "8 s &
the CPC at the beginning of calendar day D. Let ND'BMbl'.ND'RMbQ'
Np, rssp? Np,RrssE: Np, ggspi and Np pggi represent similar fiqures
for the other major assemblies.

* Let Tp,cpc: TD(RMSX7 TD,RMSQ: vtv.,‘rvprosont Shv hours for which
power was applied to each of the major assemblies on calendar day D.

Then if no unit failures occurred, the successful unit-hours achieved by
the given unit type during calendar day D would be given by

(Np,cpc ¥ Tp,cpe) * (Np,rMs1 X Tp,rmst? *- - -+ (Np,pssg ¥ Tp,RssG)

If Rp,j is the remedy time for the ith incident involving this unit
type on day D, where remedy involves either replacement or on-site repair,
then the sum of the remedy times for the day

ZRD,i
1

must be subtracted from the expression for "successful unit hours if no
failures occurred" to compute actual successful unit hours.

If the remedy time for an incident extends beyond one calendar day,
the number of functioning units, Np, in the affected assembly must be
reduced accordingly for subsequent days until the unit is restored.
Similarly, if a unit that was not operating at the beginning of a day
is restored during that calendar day, the number of successful unit-hours
for that day must be incremented to reflect the restoration.

For any specified calendar period, the MTBF for the unit type can be
found by computing the successful unit-hours accumulated for all the major
assemblies throughout all the calendar days for that period and dividing by
the failures recorded for that unit type during the same period.




The statistic MTTR for a given unit type is calculated by dividing the
sum of all completed repair times by the number of all completed repairs
(Section 2.2, Chapter Two).

Since the failure rate and repair rate for a population of one unit
type are assumed to be constant with time, the times between failure and
times to repair for that population are taken to be exponentially distrib-
uted. Therefore, the chi-square formula is used for the confidence-
interval computations for the MTBF and MTTR estimates. The values presented
in this report are given with symmetrical, 80 percent confidence limits.

Chapter Nine lists the LRUs of the TACELIS system identified in this
study by ARINC Research in cooperation with the Test Engineer for the
Developmental Tester. For each identified unit, it presents estimates of
MTBF, MTTR, and unit reliability (for a time period of 24 hours), together
with 80 percent symmetric confidence limits. These data are reported to
demonstrate the methodology for the RAM assessment of the TACELIS system,
but they must be used only to indicate general trends. These data were
extracted from Equipment Performance Reports, which represent an edited
version of the original data record (the Maintenance Request), omitting
much useful information. Failures were categorized by calendar days only;
thus the time of day at which failure occurred could not be accounted for.
An accurate record of the actual numbers of each type of unit deployed in
the various major assemblies could not be obtained from the Developmental
Tester. As a result, the computations in several cases may not accurately
reflect the test situation. Records describing unit modifications during
the course of developmental testing are likewise not available for this
study. Therefore, caution must be exercised in drawing inferences from
the values presented in this report.

3.4 ELIMINATION OF BIAS

In conducting the RAM analysis for developmental testing of the TACELIS
system, the data-collection personnel for the Developmental Tester will have
the actual time-of-day failure information for all observed failures, which
was not available for the analysis described in this study. Therefore, the
statistic MTBF can be computed as described in Section 3.3. However, under
the current data-handling methods, units that fail unobserved (i.e., during
the night and on weekends) are reported as failing at 0800 hours on the
first subsequent test day (demand time). This practice will systematically
introduce a bias in the calculated estimate of MTBF from developmental test
data. A method for improving this estimate is presented here.

The exact time at which the unit failure occurs between the end of one
test shift and the beginning of another is not observed. Therefore, for
each case the operating hours between the end of the previous test shift
and the time of unit failure must be estimated. The procedure recommended
is to increment the operating hours credited to the failing unit prior to
failure by the expected time to failure for the unit, given that failure
did indeed occur between the test shifts.




Let the variable T represent Time To Failure for a population of a given
unit type.

The density function, g(T), of Times To Failure for the unit type is
exponential, i.e.,

g(T) = Xe-AT

where

1

N = eE

If the constant Ty is defined as the elapsed time between test shifts, then
the Time To Between-Shift Failure, 0, is a random variable such that

o Bl =

The density function of 6 is given by the truncated exponential

F(0) =

The density function of 6 will now be explained with reference to
Figure 3-1.

The area under the curve g(T) = Ae AT
for the given unit type.

represents the population of failures

The shaded area represents the population of between-shift failures and is
expressed by

Ts
[ Ae AT dar

To derive a density function F(8) for the population of between-shift
failures, we use the fact that the shaded area must be equal to unity if
it represents a total population; i.e., the original density function for
Time To Failure must be normalized to describe Time To Between-Shift
Failure. Then

T T
f b Ty [_e-x'r] s
0

represents the shaded area.
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The fraction of between-shift failures occurring in the interval do
1s given by

Ae 4o
¥ -ATg
Then
- 1
ITS _de A8 de \ t_“_\i -
R T i RE Ca o
1 [ -\'I‘5 -\‘\‘]
s RSN -e + e
o e_\TS
J1-e s
1 - “\TS

Therefore the function

Xe-\0
1 - e—kTS

F(0) =

has the desired property.
The expected value of Time To Between-Shift Failure is
Ts
E@ = [ 0-F®) a8

Q

This expected value can be computed as follows:

Ta
-0 r s
fsﬂ'ke\(d9:> \ -28
0 oy e gl




1 1 -ATg ( 1
= = - 8 T. + 3
% o Ms |2 St X
L
5 1 1l - t‘—\TS -\TS
2 AT X ~%s ®
- 8L
L1 1 e
oA -ATg
l - e =

This result shows that the expected value of Time To Between-shift Failure
can be expressed in terms of the statistic MIBF for the generic LRU type
as

E(Q) = MTBF - -

- 1
since Y = MTBF.

The operating hours credited to units failing unobserved can be in-
cremented by the MTBF value calculated for that unit type from test data
collected up to that time reduced by the correction term:

Ts

X5

e

Although the failure data provided to ARINC Research did net include
enough information to permit use of this correction factor in computing
MTBF for the TACELIS Line Replaceable Units, it is recommended that the
Developmental Tester use this correction term. The data bank available to
the Developmental Tester for RAM analysis of the TACELIS system contains
enough information to apply this procedure.
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CHAPTER FOUR

ANALYSIS OF THE MAJOR ASSEMBLIES

This chapter presents the reliability block diagrams for the major
assemblies of the TACELIS system, together with the corresponding mathe-
matical models.

4.1 RELIABILITY BLOCK DIAGRAMS

Chapter Three presented the calculation of reliability values for all
the Line Replaceable Units in the TACELIS system. The methodology for
using these LRU reliability values to compute the hardware reliability of
the major assemblies is explained in this chapter. Three major assemblies
were studied:

* The Control and Processing Center (CPC)
* The Remote Master Station (RMS)

* The Remote Slave Station (RSS)

Each TACELIS major assembly performs a variety of tasks relating to
the information collection, transfer, processing, and recording-capabilities
required to accomplish the total mission of the system. Theoretically, at
any given time the level of operation of a TACELIS major assembly could vary
from "“full up" (with every LRU functioning to specifications), through all
possible combinations of degraded states of these capabilities, to the
failure of all the LRUs. A block diagram configured for the determination
of assembly reliability is entirely dependent on the definition of assembly
failure chosen from this spectrum of possibilities. A minimum level of
acceptable assembly operation must be stated for each capability. All
states exceeding this level are defined to be system success. If any
capability degrades below its defined minimum level, the assembly is con-
sidered to fail.

The concept of redundancy is fundamental to the discussion of assembly
failure. To develop this concept, redundancy is defined as the existence
within the assembly of more than one means, or path, for accomplishing a
given task. The functional diagrams of the TACELIS major assemblies --
CPC, RMS, and RSS -- have been examined in detail by ARINC Research to

4-1




determine all possible paths for successful assembly operation. Wherever
more than one path exists for the accomplishment of a specific task, the
reliability diagram is drawn to show parallel paths. Those elements which
are essential to assembly operation and whose failure would cause assembly
failure are shown in series with the other system elements. The reliability
block diagrams for the CPC, RMS, and RSS are shown in Figures 4-1, 4-2, and
4~3, respectively.

The following assumptions have been made in determining the lewel of
system operation below which failure is considered to occur:

* The Maintenance Operator Position (MOP) is essential for system
initialization and for any necessary reconfiguration. While it is
true that the system could function for a short time without this
position once it has been initialized, the next critical incident
requiring reconfiguration would represent certain failure. With
the MOP in operation, however, several kinds of critical incidents
can be successfully resolved. Therefore, the MOP must remain
operative for success.

* In defining system success, Line of Bearing (LOB) information is
required. Therefore, at least one Location Analyst Position must
remain operative.

* Multi-channel information is not considered essential.
* Only one RMS branch is required to remain in operation.

* The panoramic (pan) displays are not considered necessary; there-
fore, the pan display and pan preprocessor hardware is not con-
sidered essential.

* The fault monitor function at the MOP is not considered essential.

* System success is said to occur if only one of the four frequency
bands is available. :

4.2 THREE-STATE MODELS

Each of the three major assemblies has been diagrammed in such a way
that three states, or levels, of operation can be defined for the assembly.
This has been done (1) to show how the state concept is implemented in the
reliability block diagrams and (2) to provide examples for the discussion
of a three-state model in Chapter Six.

For the Control and Processing Center three states are defined as
follows:

* State 1. All units essential to successful system function (as
defined in Section 4.1) are operating.

* State 2. A manual mode of operation is still possible. The auto-
matic signal-collection capability of the TACELIS system has been
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lost, and bandwidth coverage is obtained by tuning the system
receivers manually.

* State 3. Not enough equipment is operable to permit collection
and analysis of signals.

The three states defined for the RMS show the RMS (1) functioning
fully in communication with the associated RSSs, (2) functioning as an
RMS but unable to communicate with the RSSs, and (3) failed.

Up to four Remote Slave Stations may be "daisy-chained" together so
that each communicates only with the two immediately adjacent in the chain.
All have the function of collecting LOB information for the system. There-
fore, even if an RSS loses its LOB capability, it is left in the chain to
relay information between its two neighbors. The three states chosen to
define RSS capability reflect this fact:

* State 1. The RSS is capable of collecting LOB data, in addition
to relaying communications between its two adjacent neighbors in
the "daisy-chain".

* State 2. The RSS has lost its LOB data-collection ability but is
left in place to function as a repeater set.

* State 3. The RSS cannot relay information.

4.3 MATHEMATICAL MODELS
In developing a mathematical representation for the reliability of
each of the major assemblies from the block diagrams, the following notation

will be used:

)%

i the probability of success, or reliability, of the itb Line
Replaceable Unit

the probability of failure, or unreliability, of the ith Line
Replaceable Unit

[

Qi

For all units (Pi + Qi) =1

The reliability of n units in series is Py * P, . . . Py

The reliability of k units in parallel is 1 - Oy = Q2 o o e Op

These concepts will be expanded to develop the mathematical descrip-
tions of the CPC, RMS, and RSS.

It is emphasized that the expressions for assembly reliability devel-
oped in this chapter relate to hardware reliability only. The major assem-
blies of the TACELIS system are also vulnerable to incidents of software
failure, which have not been included by the customer within the scope of
this study. Assembly reliability values for a 24-hour mission time are
given in Chapter Nine.

s
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4.4 RELIABILITY OF THE CPC

The formula for the reliability of the Control and Processing Center
is given here with reference to Figure 4-1 (it is emphasized that this
description of the assembly considers hardware only):
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where the operator position terms are computed as follows:

¢ CRT DISPLAYS and CRT DISPLAY CONTROLLERS

Manual Mode SEACS Mode
20 : 20 :
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FUNCTION BUTTON PANELS and ALPHANUMERIC KEYBOARDS

Manual Mode SEACS Mode
23 23
o 23 ‘___Px A=K ik 23! pX 23-x
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4.5 RELIABILITY OF THE RMS

The formula for the hardware reliability of a Remote Master Station
is developed with reference to Figure 4-2
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For Remote Slave Station control, the following terms must be added to the
product:

(1 - Caperso) (Frow ore) (area)




4.6 RELIABILITY OF THE RSS

The equation for the reliability of the Remote Slave Station is
developed with reference to Figure 4-3:

£ 3
= (3p -2
Rss ( ANTENNA ANTENNA) (PMAST ERECT)
2 3 2 2
X (3P -2 3 - 2
( DIPLEX DIPLEX)( ¥ ARC-150 ARC-ISO)
2 X 2 3
X 3p - 2\ ) j\ -
( NB MOD NB MOD ( ! KG~30 » KG-30)

x(p1602)(pCMTU)(p9771)(PDLC)(PROLM PANEL)(P\ POWER)

‘(P400 HZ)(PPOWER PANEL)(FEWI FILT)(PSCU)(pAC)

For the LOB data-collection function, these additional factors must be
included in the product:

i [l y (09793) (00794)] (PLOB ANT) (p7321) (P10051)

5

s (1 ~ 9 yorc FILTER\ (plqa:)

4.7 SENSITIVITY ANALYSIS

It is obvious that the process of calculating Repe, Rgmg: and Rggg
from the given formulas is a tedious one. To recalculate each time it is
desirable to assess the effect of modifications on assembly reliability
would be unnecessarily time-consuming. However, conveniently chosen seg-
ments of the block diagram may be examined independently.

For any assembly consisting of three units A, B, and C connected in
series, the reliability of the assembly Rpype is given by

= X X
RABC RA RB RC

Similarly, the reliability of any TACELIS assembly can be considered to be
the product of the reliabilities of several segments constituting the as-
sembly, if the segments are so chosen that they are all in series. This
approach will be developed in Chapter Seven to show the sensitivity of
assembly reliabilities to modification. This approach permits the effect
of modification on one term of the product to be observed. The effect on
the product, or total assembly reliability, is directly proportional.

4-10




CHAPTER FIVE

ANALYSIS OF THE TACELIS SYSTEM

This chapter describes the reliability of the total TACELIS system as
a function of mission time.

5.1 THE DATA BASE

In Chapter Four the reliability of the major assemblies was modeled
algebraically from the study of reliability block diagrams describing the
LRUs, or hardware elements, essential to assembly operation. This analysis
was performed to demonstrate the use of block diagrams, but it does not
give a complete description of assembly reliability since it does not
account for software failures. Software failure incident reports have
not been included by the customer in the scope of this study.

The chronological run logs from the TACELIS developmental testing for
the calendar period covered by the Equipment Performance Reports delivered
to ARINC Research have been used to develop assembly reliability figures.
A sample run log sheet is shown in Figure 5-1. These run logs show uptime
and downtime for each of the major assemblies throughout the first year of
developmental testing. Although software tailure incident reports were
not a part of this study, the definitions for assembly success that deter-
mined whether an assembly was considered to be "up" or "down" for the
chronological run logs included software considerations; in fact, almost
all of the assembly failures (or transitions to the "down" state) were
software-induced. Therefore, although these values cannot be compared
with the models developed in Chapter Four, they have been used for the
calculation of total system reliability since they are more representative
of the real situation (i.e., they include software-related assembly state
transitions).

The statistics MTBF and MTTR have been developed for the CPC, RMS, and
RSS in a manner analogous to that described in Chapter Three for the LRUs.
The total assembly hours for each assembly type have been divided by the
number of up-to-down transitions for that type to produce MTBF values. The
total downtime for each assembly type has been divided by the number of
down=-to-up transitions for that type to compute MTTR figures. These results
are presented in Table 5-1.
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Table 5-1. MTBF AND MTTR FOR THE
MAJOR ASSEMBLIES

Assembly MTBF (Hours) MTTR (Hours)

RGO B £

CPC 3.10 37 :
RMS 1.80 .61 i
}
RSS 1.60 1.00 ¢
3
£

Reliability values developed for the major assemblies from these
statistics are given in Table 5-2.

Table 5-2. RELIABILITY VALUES FOR THE
MAJOR ASSEMBLIES
Mission Time
Assembly
1, Hour 2 Hours 3 Hours
CPRC 72 S2 .38
RMS 57 «33 e
RSS S 29 e
\‘J
The major assemblies of the TACELIS intelligence-gathering system can ;!
be combined in several ways. The total number of possible configurations %
is determined by the number of "building blocks" available to the field
user of the system: . %
* 1 Control and Processing Center ,;
!
* 2 Remote Master Stations !
E
* 8 Remote Slave Stations
The allowable assembly interfaces are governed by the following rules: |
|
* The Control and Processing Center can be linked to 0, 1, or 2 r;

Remote Master Stations, as shown in Figqure 5-2.

Each of the eight Remote Slave Stations is equipped with three

data links, two of which are required for normal operation. The

third data link is used only when this assembly type is designated

- as a Master Remote Slave Station (MRSS) and assigned the role of
interfacing between other Remote Slave Stations (RSSs) and the

. Remote Master Station (RMS). Communication between an RMS and any

PSS must always be made through an MRSS.




CPC

Configurat

ion 1

CPC

Configurat

CPC

Configurat

Figure 5-2.

ion 3

CPC-RMS LINKS

* Up to eight Remote Slave Stations (one a designated Master Remote
Slave Station) can be slaved to one Remote Master Station.

Each Remote Master Station can relay signals from only one Master

Remote Slave Station to the Control and Processing Center.

* Each Master Remote Slave Station can have no more than two links

to Remote Slave Stations.

* Remote Slave Stations can

5.2 OPTIONS FOR THE CPC-RMS LINK

All possible options for the

be "daisy-chained".

CPC-RMS link are illustrated in Figure 5-2.

The CPC can stand alone, be linked with one RMS, or be linked with two RMSs.
Selected reliability values for Configuration 2 are as follows:

Mission Hours Reliability
1 .41
2 w17
3 SO

5-4




The probability of retaining at least one CPC-RMS link in Configuration 3
is as follows:

Mission Hours Reliability
1 .59
2 .29
3 <13

5.3 RELIABILITY OF THE TOTAL SYSTEM
The estimates of mission reliability for the total system depend on
the system configuration. Mission reliabilities are given in Table 5-3 for
the various configurations shown in Figure 5-3. The definition of success
is that at least one CPC-RMS-RSS path must remain available. 1In addition,
two RSSs must remain functional and in communication with an RMS so that
LOB information is obtained un intercepted signals. The effect of RSS
redundancy in improving reliability is apparent. The reliability of any
desired configuration can be computed by using the methods described in

Chapter Four.

Table 5-3. ONE-HOUR MISSTON RELI-
ABILITIES FOR THREE
TACELIS CONFIGURATIONS

Configuration Reliability
Series o
RMS Redundancy e,
RSS Redundancy . 299

If difficulties are repeatedly encountered in improving the MTBF values
for the Remote Slave Station assembly, significant improvement in system
reliability can still be obtained by using configurations in which the
Master Remote Slave Station is linked to two Remote Slave Stations. 1n
fact, for full-strength deployment of the TACELIS system, with four RSSs
reporting to one RMS, the interfaces

RSS

N gss

At Pa

RSS

CPC == RMS == MRSS

are always preferable, from a reliability viewpoint, to

CPC === RMS == MRSS Se=w RSS === RSS —== RSS

S e

B T T A




CPC

Series Configuration

CEE

RMS Redundancy Configuration

€PC

RSS Redundancy Configuration

Figure 5-3. POSSIBLE TACELIS CONFIGURATIONS




CHAPTER SIX

THREE-STATE MODEL FOR RESOLVING
DEGRADED OPERATION

The TACELIS system can continue to provide useful tactical support at
various levels of degradation. To provide a RAM assessment of TACELIS
beyond the usual two-state availability concept, a three-state model is
developed in this chapter. The three-state model can be generalized to a
more descriptive N state model at a later time if required. The three-
state model presented here is sufficient to provide the basis for guantita-
tive evaluation of the steady-state availabilities corresponding to the
three levels of TACELIS operation as introduced in Chapter Four of this
report.

6.1 MODEL DEVELOPMENT

To illustrate the following discussion, Figure 6-1 depicts the three
operational states identified for TACELIS:

¢ Automated Mode - SEACS function operational

*  Manual Mode ~ Manual tuning necessary

* System Down -~ Critical function lost

Manual System
Mode Mode

AL A3

Figure 6-1. TACELIS STATE TRANSITION DIAGRAM

6=1
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Over a long calendar period, the fractions of time that TACELIS will
be in states 1, 2, or 3 (as shown in Figure 6~1) are given by state availa-
bilities Ay, Ay, and A3. These availabilities are determined by the failure
and repair rates of all system components ("components" generally means
LRUs) .

These component failure and repair rates enter into the formulas for
the Ay, Ap, and A3 in terms of state transition rates Aij' Ui where

A = the rate of system degradation from state j to state i

ij
Mj§ = the rate of restoration of service from state j to state i

The state transition rates Ai‘ and Uiy can in theory be developed from
the reliability block diagrams of %he TACELIS major assemblies when the
failure and repair rates of each system component (LRU) are known. This
computation is tedious if not computer-automated. In addition, it is
difficult (but not impossible) to carry an exact accounting of the uncer-
tainties in the estimates for the many individual LRUs to confidence limits
for the transition rates 1jj, Hjj and the state availabilities A, A, and
A3. The advantage of this direct method of calculating the availabilities
is that it permits identification and evaluation of critical components,
together with the effects of their failure and repair rates.

An alternative approach is to evaluate the transition rates Aij and
Hjj and the availabilities Ay, A, and A3 directly from the existing devel-
opmental testing run logs. Let Ty, Ty, T3 denote the accumulated operating
times TACELIS was in states 1, 2, and 3, respectively, during a total
logged operating time T = T; + T, + Tj3. Then point estimates of the Aj are

A

Rj =Ty/7; i=1, 2, 3

Let njj denote the logged number of transitions from state i to state j
(i, j =1, 2, 3) during the logged intervals Ty, Ty, and T3. Then the six
transition rates Ayj and Mj; are estimated by

X]1=n31/T1 i=1p2;j=2,3;i#j

My = nyi/Ty L& @y dp = L, dp e

6.2 STATE AVAILABILITY FORMULAS

The formulas for the state availabilities Ay, Ajp, and A3 in terms of
the transition rates are obtained by solving the steady-state transition
equations:

0 = -Ay (Mg + A3y) + Ay o + Ay g,

0 = .5} )\21 - Ay ()\32 + “12) + Aj Hos

0= a1 A3 + Az Ay - A3 (W23 + H13)
6-2




subject to the condition that the system must always be in one of the
three states, i.e.,

A1+A2+A3=1
The solution is seen to be

Ay = 940G £ Yo+ Y3)
Ay = of(Yy + Yo + ¥Y3)
Ry = 30¢Yq + Y9 * Ya)

where, in terms of Aij and 4.

Y1 = H12 W13 + M2 M23 + M13 A3
Yo = 133 A3 + Uaz Agy + Moz Am;

Y3 = U2 A31 + Apyp Azp + A3; A3

6.3 APPLICATIONS OF STATE TRANSITION MODELS

The software applications packages that control TACELIS system opera-
tion are currently being modified too frequently to permit acquisition of
meaningful data from developmental testing for a three-state availability
analysis of the TACELIS system. Since the system is, in effect, being
continuously redefined with respect to software, any quantitative descrip-
tion of the availability of the many TACELIS capabilities would be obsolete
by the time it could be published. However, at a later state in the devel-
opment of the TACELIS system, when the hardware and software constituting
the system remain constant with time, a multiple-state analysis of TACELIS
availability as presented in this chapter should be made. Since several
levels of degraded operation can be defined for the TACELIS system, all of
which may yield some degree of useful information, the multiple-state analy-
sis provides a much more appropriate description of system availability.
Therefore, the methodology has been presented for future use.

6-3
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CHAPTER SEVEN

RELIABILITY GROWTH

In this chapter, the hardware reliability growth achieved during the
first 11 months of developmental testing is analyzed and improvement-effort
allocation is discussed.

7.1 RELIABILITY GROWTH

Whenever a statistical estimate is based on a sample of n data items,
such as an MTBF estimate based on n incident reports, the confidence that
the true but unknown mean of an infinite population of these data items
lies within fixed bounds about the estimate increases as n increases.
Correspondingly, for a given level of confidence, the bounded interval
about the estimate that can be assumed to contain the true but unknown
mean decreases in size as n increases. In short, a reasonable number of
incident reports must be available to make a meaningful estimate of MTBF
and to make statements about reliability growth. Therefore, only those
Line Replaceable Units for which more than 15 incidents were reported have
been studied to determine whether any significant change in MTBF occurred
during the first 11 months of developmental testing.

The analytic approach involved computing a value MTBF(l) for each LRU
based on the first half of the calendar test time, which contains all those
incidents reported through April 11, 1978. Symmetrical 80 percent confidence
limits were developed for the MTBF(l) estimate of the true but unknown mean
life of the LRU type (see Figure 7-1). Then a value MTBF(2) was calculated
from the second half of the chronological test data. If the MTBF(2) value
lay within the 80 percent confidence interval about MTBF (1), the result was
judged inconclusive. If the MTBF(2) value lay outside the bounds of the
80 percent confidence interval about MTBF(l), a significant change was
recorded. The results of these calculations are presented in Table 7-1.
When this analytic method is used, four of the seven unit types show
improvement. Two units types have declined in reliability. The results
for the VHF Receiver are inconclusive.

—————— e «....—-M



In 80 percent of the estimates, this in-
terval will include the true but unknown
mean of the population of data items.

A

r i
o i | i
T 1 R il
Lower 80 percent Estimate of mean Upper 80 percent Range of
confidence limit for data sample confidence limit values for
of n items data items

Figure 7-1. CONCEPT OF CONFIDENCE LIMITS

7.2 LRU IMPACT ON TACELIS SYSTEM RELIABILITY

For any integer n, the following configuration is always more reliable
than the single unit A:

AL

-

The reliability diagrams in Figures 4-1, 4-2, and 4-3 show that the TACELIS
system, with first-level capability and one RSS operational, can be no less
reliable than 118 units all in series, with

* 66 units in the CPC

¢« 29 units in the RMS

* 23 units in the RSS

If each unit in this hypothetical series configuration were required to
have a 24-hour mission reliability of Rg or greater, then the reliability
of the imaginary system would be

R > (Ry) 118

Therefore, by selecting all the LRUs from the equipment list with a 24-hour
reliakility less than Ry and accounting for them, one can quickly identify
areas for hardware improvement that would guarantee a TACELIS CPC-RMS-RSS
sequence to have a 24-hour reliability of at least (Ro)lla.
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Those LRUs which are the poorest contributors to system reliability
can be identified by the process of elimination. The lower cutoff point
Ry for acceptable unit reliability is identified and those LRUs failing to
exceed this value are listed. The unit types that are not included in the
118 segments critical to the definition of system success are deleted from
the list. Reliability is calculated for each of the critical segments con-
taining LRU types that fail to meet the R; standard. Those segments which
meet the R, value because of unit redundancy are dropped from consideration.
The remaining segments are analyzed for allocation of the improvement effort.

Table 7~2 lists LRUs in the TACELIS system having a 24-hour unit reli-
ability of less than .995. The Cartridge Magnetic Tape Unit has been re-
placed during developmental testing with a more reliable tape-read system.
Units judged as being not critical to TACELIS system operation are:

* GRC-103 AM-3349
¢ GRC=103 RIT-662

* Pan Monitor Switch $-2109
* Pan Processor Unit MX-9428

* VHF Receiver 1850
The following units appear as redundant implementations:

* CRT Display Controller

* TD-203 Multiplexer

* Scanner Control Panel

* Time Division Demultiplexer
* Temporary Storage Recorder
* Output Encoder Module

*  Qutput Decoder Module

* Magnetic Tape Drive

Each of the redundant implementations of these units is equivalent to a
single unit having greater than .995 24-hour reliability in the currently
used assembly configurations.

The following units have not been eliminated from consideration and
are critical to system operation:

* 1 LOB Antenna in the RSS
* 1 Twin-Channel Receiver in the RSS
¢ 1 RAMTEK Keyboard at the Location Analyst position in the CPC

Any improvement in the reliability of these three units types will result
in a directly proportional improvement in system reliability.




T —

Y Table 7-2. TACELIS UNITS HAVING LOWEST RELIABILITY
Unit 24-Hour Reliability E
LOB Antennas .9883 |
Cartridge Magnetic Tape Unit .9888
CRT Display Controller .9920
GRC-103 AM-~3349 .9927
GRC-103 RT-662 - 9927
Multiplexer TD-203 .9944
Pan Monitor Switch S-2109 .9925
RAMTEK Keyboard GX-100-A .9814
Scanner Control Panel C-9112 < 9939
Time Division Demultiplexer TD-1099 .9944
Temporary Storage Recorder .9631
Output Encoder Module .9909
Output Decoder Module .9902
Pan Processor Unit MX-9428 .9948
VHF Receiver R-1850 .9944
ULR/17 Twin Channel Receiver R-1982 .9906
Magnetic Tape Drive .9870

A more rigorous mathematical technique would be to use the.equations
for Ropcs Rpmg, and Rgrgg developed in Chapter Four to compute the partial
derivatives of the assembly reliability values with respect to the reli-
ability of each critical LRU. The method presented in this section, how-
ever, is a quick and efficient way to detect trends during developmental
testing.

7.3 ANALYSIS OF ASSEMBLY SEGMENTS

The effect of improvement-effort allocation on assembly reliability s
will now be studied in accordance with the discussion of sensitivity analy-
sis presented in Section 4.7. The segment of the Control and Processing
Center containing the 1840 Magnetic Tape Drive has been selected for study.
This unit was allocated a very low MTBF in view of the assumption that two
units were operating in the CPC for a total of 6,408 test hours, and seven
failures were reported. The segment of the assembly being considered is
shown in Figure 7-2.




1840 1840

Magnetic Magnetic
Tape Tape
Drive Controller

#‘ ot S

1840 1840

Magnetic Magnetic
Tape Tape
Drive Controller

Figure 7-2. SEGMENT OF CFC ASSEMBLY

Figure 7-3 illustrates the reliability of the Magnetic Tape Drive
segment of the CPC assembly. Curves are given to show varying degrees, M,
of redundancy. The solid curves show reliability as a function of time
for one path, two parallel paths, and three parallel paths. The dashed
curves show the reliability that would be achieved in each case if the
MTBF value for the 1840 Magnetic Tape Drive could be improved from 1830.9
hours to 2000 hours. This graph indicates the improved segment reliability
that can be achieved by increasing unit MTBF or implementing redundancy.

In general, graphs similar to Figure 7-3 should be prepared for units
with low MTBF values that have a severe impact on system reliability during
developmental testing of a system. These graphs should illustrate how
various levels of redundancy would improve the reliability of the critical
system segment. The impact of improving the MTBF values for elements
within the system segment should also be shown. Reliability-improvement
effort would be allocated on the basis of a study of these graphs and :
include such considerations as cost, available space, and whether the ?;
critical element was GFE or CFE. ’4
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CHAPTER EIGHT

SUGGESTED CHANGES TO IMPRCVE RELIABILITY ASSESSMENT

This chapter enumerates the limitations encountered by ARINC Research
during analysis of data recorded in the format currently used by the De-
velopmental Tester. Recomrendations for improving reliability documenta-
tion are also discussed.

8.1 CURRENT METHODS

Reliability data for systems undergoing developmental testing are cur-
rently collected by the Developmental Tester. Data are manipulated and
stored by a combination of clerical and computerized methods during testing.
After the information has been evaluated and categorized at a scoring con-
ference, selected data are subjected to computer analysis to generate
reliability values.

The fundamental data set on which the reliability analysis is based
consists of all the controlled maintenance actions requested in conjunction
with developmental testing. For each occurrence, test personnel fill out a
Maintenance Request, DA Form 2407 (illustrated in Figure 8-1). After addi-
tional facts become available from subsequent diagnosis and maintenance
action, the maintenance data are edited by the Test Engineer for the Devel-
opmental Tester and compiled on an Equipment Performance Report, DARCOM
Form 2134. This is the form that is actually presented for evaluation at
the scoring conference.

The scoring conference participants are tasked with composing the
final list of incidents that meet the standard definition of failure and
categorizing this list in two ways:

* Separating system from mission failures
* Distinguishing between failures attributable to Government-furnished

equipment and contractor-supplied items

The final data set, which results from editing of the original data by
the Test Engineer and categorizing of the edited data by the scoring con-
ferees, is used to generate reliability values.
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8.2 INFORMATION LOSS

The clerical methods currently used for data processing may reasonably
be applied to systems having a simple configuration or to systems requiring
few maintenance actions. For systems composed of several different generic
LRU types and for systems that require numerous maintenance actions, more
efficient data processing methods are needed. To choose between clerical
and computerized methods, a decision should be made based on the number of
different LRU types included in the system and the total number of mainte-
nance actions requested during the first month of developmental testing.
For example, automated data processing might be recommended for systems
composed of more than 50 difterent generic LRU types or for systems that
are expected to require more than 200 maintenance actions during develop-
mental testing.

Information that would have been useful for the TACELIS reliability
assessment has been lost primarily in three ways:

* By failure to record all data of imporiance initially on the
Maintenance Request

* By routine omission of data not currently included in the reliability
assessment when data are being compiled on the Equipment Performance
Report

* By obscuring significant data trends in the clerical manipulation

of data

Each of these problem areas will be discussed in detail in the following
sections.

8.3 DATA COLLECTION

To extract the maximum possible reliability information from the test
experience, the history of each part used in the system being tested through-
out both functional deployment and incurred maintenance must be retrievable
from the recorded data. This is possible it the following two conventions
are observed:

* The configuration of the system at the inception of testing must be
completely described, stating a unique LRU type and the unit serial
number corresponding to each address in the configuration.

*  For each incident recorded, all of the ftollowing information must
be obtained:

*+ LRU type (usually denoted by part number)
**  Serial number

*s Location within system

e Time of occurrence

*¢ LRU type of replacement, if any

¢¢  Serial number of replacement, 1f any

R
e
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When all this necessary information is available, a variety of data sorts
can be performed that may reveal data trends pertinent to reliability im-
provement studies. Two examples of information loss of this type are dis-
played in Figure 8-2. One Equipment Performance Report describes the
removal of one of the 32 Temporary Storage Recorders in the system. The
other report documents an incident involving one of the eight Recorder
Control Modules deployed. Neither report gives a serial number.

8.4 DATA EDITING
One important category of information routinely omitted in compiling

data on Equipment Performance Reports is time-related data. For every
reported incident at least two time values should be recorded: |

* The time required to restore the functional capability through
replacement or on-site repain

's
* The time required to repair the LRU if it is removed and replaced l
by a similar unit i
|
The absence of these data prevents calculation of MTTR for each LRU in the |
TACELIS system. These data, i1t obtainable, would provide valuable RAM |
information.
|
Another difficulty inherent in the present clerical methodology results
from the fact that several incidents may be included on one Equipment Per-
formance Report. In most cases, such reporting includes only incidents
relating to one type of LRU, characterized by a common part number but in- |
cluding more than one serial number. A one-to-one correspondence between
each incident and its recorded data item set is necessary before any
automated data processing method can be applied. Figure 8-3 is a typical !
Equipment Performance Report grouping several reported incidents on one
form. '
|
)
8.5 DATA MANIPULATION '
A number of data sorting processes may be used to expose data trends
of interest, both for reliability growth analysis and for improvement-effort
allocation:
* Time history of one particular unit by serial number !

- Incident record of one LRU type by part number
* Reliability of one LRU type as a function of time

Incidents grouped by deployment location
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The workload imposed on the Test Engineer by manual data-handling methods
precludes this type of data analysis for systems requiring large numbers of
maintenance actions. Therefore, data trends of interest may not be revealed.

8.6 IMPROVEMENT REQUIREMENTS

To be advantageous, any changes in reliability documentation methods
should conform to certain basic philosophies. The suggested improvements
should be sufficiently comprehensive to support both developmental and
operational testing with the same set of data-collection and data-analysis
tools. They should invoke the powerful algorithmic iteration and list-
processing capabilities of the computer. Finally, the effort required to
implement new techniques must have a lower dollar and man-hour value than
the value of the time and information lost with the present techniques.

8.7 RECOMMENDED METHODOLOGY

The recommended methodology for dealing with test programs that gener-
ate large quantities of maintenance requests is keyed to improvement in
five basic areas:

* Military Standard RAM concepts and definitions
* The test design and overall test plan

* The incident-reporting format

* The data manipulation techniques

* The agenda for the scoring conference

These concepts must be implemented in a manner that coordinates with a
computerized data analysis applicable to the results of both developmental
and operational testing.

Computer analysis should begin as soon as 200 incident reports become
available from developmental testing. The analysis should be updated
periodically to support RAM improvement allocation and reliability growth
analysis. At the time of the scoring conference, the same computer capa-
bility should be used to develop an agenda for the scoring conference.
Finally, the automated analysis should be capable of providing all required
RAM statistics based on the results of the scoring conference.

8.8 CONCEPTS AND DEFINITIONS

Before a meaningful RAM analysis procedure can be automated, the dis-
crepancies and ambiguities in the currently published Technical Manuals,
Army Regulations, and Military Standards must be resolved. The first effort
should be to create a system calendar similar to that shown in Figure 2-1
(Chapter Two) containing all the time divisions necessary to describe the

e




life of the system, with particular attention to the special practices and
procedures of developmental and operational testing. Then the time-related
parameters needed for a comprehensive statement of system effectiveness
should be defined with reference to the system calendar.

8.9 TEST PLAN

Several improvements are indicated during the planning phase. A pro-
gram must be developed to provide all test participants with an overview of
the information flow from raw test data to final RAM results. This over-
view is necessary among the participating agencies as well as within each
individual agency. The data-collection personnel, the test engineer who
clerically manipulates the data, and the analyst who conducts the final
computer analysis are currently operating without formal communication,
although these participants are within the same (Developmental Testing)
agency. This isolation contributes to information loss. Moreover, after
1-1/2 years of TACELIS developmental testing, the Materiel Developer has
not been thoroughly briefed by the Developmental Tester on the computer
analysis techniques used by the latter agency. The situation urgently
requires improved lines of communication.

A complete list of the LRUs to be included in the system under test
should be published for the use of all participants prior to testing. This
document should present an unambiguous description of each LRU and should
indicate in which major assemblies and in what quantities within each as-
sembly a particular LRU type is deployed. This list should be periodically
updated to reflect necessary substitutions and component modifications.

All personnel involved in the data collection and analysis effort should
be working from the same list of LRUs and using the same nomenclature.
This is currently not being accomplished, with the result that serious
difficulty is encountered in assessing data for improvement-effort alloca-
tion prior to the scoring conference.

An initial description of system configuration must be prepared, de-
scribing each equipment location as a unique address. The part number and
serial number of the physical unit at each address should be specified at
the start of testing. Particular attention should be given to preserving
the histories of similar equipments in different deployment locations. Only
in this way can some failure patterns influenced by maintenance and usage,
environmental factors, or collocated faulty equipment be isolated.

It is particularly important that the nomenclature system developed
permit a distinction between Government Furnished Equipment (GFE) and
Contractor Furnished Equipment (CFE). The majority of the LRUs for which
the highest numbers of incidents were reported for this study are GFE
(6 out of 7). It must be possible for the computer algorithm to make
accurate statements about the impact of CFE on system reliability if im-
provement effort is to be properly allocated. Therefore, the separate
contributions of GFE and CFE to system reliability must be appropriately
accounted for.

8=10
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A run log should be designed to preserve test activity data pertinent
to the RAM evaluation. Chronological data -- including Julian date, elapsed
total test time, and daily uptime and downtime for major assemblies --
should be recorded in a format directly translatable to computer input.

All substitutions, modifications, or reconfigurations should be recorded

in this run log, combined with the elapsed total test time at which they

are effected. Currently, vendor modifications are reflected only as nomen-
clature changes in the Equipment Performance Reports. In this way, valuable
reliability growth data are lost.

The configuration description, LRU list, and run log formats must be
flexible enough to meet the expanded requirements of operational testing.

8.10 INCIDENT REPORTING
Data-collection personnel may be handicapped by several factors:

* Lack of motivation because they have no overview of how the data
will be used

* Lack of elementary RAM training in the meaning and significance of
the data

* Lack of opportunity to properly complete data forms during a high-
workload test situation i

* Lack of appropriate alternatives for describing a particular situa-
tion because of the composition of data forms ;

All personnel who will participate in data-collection during a planned
test should be given a brief training course before testing starts. This
course should include motivational statements, a simple but factual descrip-
tion of RAM statistics, and an overview of how the test data will be devel-
oped and analyzed. In addition, a human-engineering effort should be
directed toward composition of a data-collection format that will obtain
the best results. A detailed study of test procedures should be conducted
before this comprehensive incident report is designed. A checklist or
multiple-choice structure is probably the most appropriate.

i s —

A single report form should be designed to accommodate all data relating
to one particular incident. It would be used to initiate incident reporting;
track all subsequent data, including diagnosis and maintenance efforts; and
carry the data to the computer analysis in a format identifiable with the
input of the computer program. This procedure is intended to prevent infor-
mation loss in a manual data-editing step by deferring data editing to a
computer sort. The proposed incident report form would replace the Mainte-
nance Request and Equipment Performance Report forms currently used.

To permit timely forwarding of information concerning incidents to the
Test Engineer without waiting for the addition of maintenance and repair
data, the format would be implemented on multiple copy paper. One copy,




although still incomplete, could be promptly routed to the Test Engineer
following incident occurrence. Remaining copies could be distributed to
test personnel requiring the data after all maintenance and repair informa-
tion had been included.

The computer program would be correspondingly designed to process the
data in various levels of detail. First-level processing would be applied
to data immediately routed to the Test Engineer to support allocation of
reliability improvement efforts. More detailed processing would augment
the initial RAM results when the completed incident reports became
available.

The crucial factor in making this procedure efficient is the descrip-
tion of exactly what constitutes an incident. It is necessary to construct
a clear definition of acceptable operation, for both individual units and
composite systems, as well as an exact statement defining mission success.
Whenever operation fell below this predetermined level of satisfactory per-
formance, an incident report would be generated. The report format should
be designed to include parameters that permit computer analysis to distin-
guish between the following:

¢ Scheduled and nonscheduled maintenance
* System and mission failures

* GFE and CFE

In the present system, reports are generated during developmental and
operational testing for controlled maintenance actions according to the
schedule shown on the front of DA Form 2407 (Figure 8-1) entitled "Uses and
Instructions". At the scoring conference, failures are categorized accord-
ing to the Signals Warfare Laboratory publication Failure Definition and
Scoring Criteria. The data set subjected to the reliability analysis using
current methods is initially defined by the maintenance criteria and ulti-
mately sorted by the failure definition, although these two concepts were
developed independently. With the recommended methodology, all the defini-
tions by which the data are evaluated during analysis should be tailored
to work together.

8.11 COMPUTER PROGRAM

The composition of a computer program that would serve all the require-
ments of storage, sorting, and analysis of data for developmental and opera-
tional testing is the basic element of the recommended methodology. The
important characteristic of such a program is flexibility.

Multiple READ options must be available to accept the various levels
of detail with which incidents would be described, including:

* The incomplete incident descriptions forwarded directly to the Test
Engineer




* The completed incident descriptions, including diagnosis and
repair data

* Incident descriptions corresponding to all events defined as
failures at the scoring conference with parameters categorizing
failure chargeability

The dimensioning of data storage arrays must be expandable to permit
the continuous addition of data as testing progresses. Data would accu-
mulate in three categories as follows:

* The system description will change with reconfiguration, modifica-
tion, or generic type replacement.

* The chronological data from the run log will continuously increase.

* Incident descriptions will be added continuously to the basic data
set.

Therefore, the input format and array structure for the three data sets
described must be designed to facilitate data additions.

Several processing options must be included in the computer program to
meet the differing requirements for analysis of improvement-effort alloca-
tion, assessment of reliability growth, preparation of scoring conference
agenda, and computation of final RAM results. Most important, the automa-
tion must have a full edit capability for revising stored data as correc-
tions and reevaluations are made.

8.12 SCORING CONFERENCE AGENDA

Currently, the scoring conference examines the Equipment Performance
Reports in exactly the order in which they were compiled. Consequently,
the discussion moves from one LRU type to another in a disorderly fashion.
The final recommendation of the proposed methodology is to sort the inci-
dents by LRU type with the computer program to prepare an orderly agenda
for the scoring conference. This agenda could be organized so that all the
LRU types furnished by one vendor would be considered consecutively, and
that vendor's representative could be invited for the appropriate sequence
of the scoring conference only. All incidents relating to one LRU type
would be discussed in the order of their occurrence but separately from
those relating to another LRU type.




CHAPTER NINE

CONCLUSIONS

This chapter presents the findings of the quantitative analysis of the
incident data and chronological run log data.

9.1 THE LINE REPLACEABLE UNITS

Table 9-1 lists all the Line Replaceable Units of the TACELIS system
for which records of incident data were kept during the period of develop-
mental testing covered by this report. During this period the system was
not deployed at full-equipment strength as described in Chapter One. The
major assemblies tested were:

« 1 Control and Processing Center
e 2 Remote Master Stations

* 4 Remote Slave Stations

Table 9-1 shows the numbers of units of each type that were included in the
major assemblies. Each unit type is categorized as GFE or CFE where this
information is available. MTBF and MTTR are given for each unit type for
which incident data were available. The symmetrical 80 percent confidence
limits for these MTBF and MTTR estimates are also included in Table 9-1.

A reliability value for a mission time of 24 hours is given with each unit

type.

For several unit types, no failures occurred during developmental
testing. For these unit types, the total number of part-hours calculated
according to the methods presented in Chapter Three has been recorded in
place of the MTBF value. The 24-hour mission reliability for these units
has been included in all computations as unity. Neither an MTTR value nor
any confidence limits are given for these units.

For some units, incident data were reported, but not the subsequent
repair data. For these units, MTTR and the upper and lower confidence
limits on the MTTR estimate are omitted.

9-1
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9.2 THE MAJOR ASSEMBLIES

The lack of complete maintenance data precludes the computation of
achieved availability or maintainability for the assemblies of the TACELIS
system. Therefore, inherent availability and repairability have been re-
ported instead. Table 9-2 lists the reliability, inherent availability,
and repairability for the major assemblies of TACELIS. These data are
based on the chronological run logs for the reported phase of TACELIS
developmental testing. Almost all of the up-to-down assembly state transi-
tions were software-induced.

Table 9-2. MAJOR ASSEMBLY STATISTICS

Repairability

Reliability for for One-Hour
= . Inherent ] :

Assembly One-Houx . oF. % Corrective
g 5L i Availability

Mission Time Maintenance
Time
cPC . 724 .893 <933
RMS <574 S . 806
RSS + 335 .615 . 999

Notice that even when reliability values for a system are low, system

inherent availability values may be reasonable beccuse repairability values

e

o ‘..ig...__“ >

are close to unity.

9.3 THE TOTAL SYSTEM

ok b

A unique table of RAM statistics cannot be given for the total TACELIS
system since the reliability of the total system is different for each
possible system configuration. However, it is apparent from Table 5-1
(Chapter Five) that the RSS assembly has the lowest MTBF value and the
largest MTTR value of the three assembly types constituting the TACELIS
system. Correspondingly, the RSS has the lowest assembly availability, as
shown in Table 9-2. Moreover, at least two RSSs must remain functional to
obtain Line of Bearing information. An analysis of the essential assemblies ]
for minimum TACELIS operation -- 1 CPC, 1 RMS, and 2 RSSs -- reveals that
the RSS is the "weakest link in the chain".

9.4 REPORTED INCIDENTS
The greatest number of incidents were reported for GFE unit types.

Table 9-3 lists the 10 LRU types requiring the greatest number of mainte-
nance actions.




Table 9-3. UNIT TYPES GENERATING MOST INCIDENT
REPORTS
et e T
; N er of Equipment
Unat Seps Iﬁ??dents Prgcuiomont

Temporary Storage Recorder 321 GFE
CRT Display Controller 47 CFE
VHF Receiver 1850 45 GFE
Output Encoder Module 22 GFE
Output Decoder Module 21 GFE
Scanner Control Panel 18 GFE
Function Button Panel 16 GFE
Pan Processor Unit 14 GFE
ARC-150 Radio 13 GFE
ROLM Control Panel 10 GFE

9.5 THREE UNITS MOST CRITICAL TO SYSTEM HARDWARE RELIABILITY

The three unit types having the greatest impact on system hardware
reliability as identified from the available developmental test data in
Section 7.2 (Chapter Seven) are:

* The LOB antenna in the RSS

* The Twin-Channel Receiver in the RSS

* The RAMTEK Keyboard in the CPC

9.6 ASSEMBLY HARDWARE RELIABILITY

The 24-hour reliabilities of the LRUs can be used to calculate the
hardware reliabilities of the TACELIS major assemblies. The reliability
equations in Chapter Four, which represent the reliability block diagrams
of the CPC, RMS, and RSS (Figures 4-1, 4-2, and 4-3, respectively) can be
solved by using the LRU 24-hour reliabilities shown in Table 9-1. Table
9-4 shows the 24-hour hardware reliabilities of the major assemblies.

9-6




Table 9-4. MAJOR ASSEMBLY 24-HOUR
HARDWARE RELIABILITIES

Assembly

Reliability

CPC
Manual Mode

SEACS Mode

RMS
With RSS Control

RSS
With LOB Function

0.98019
0.94628

0.96449
0.96297

0.97202

0.94493

9.7 IMPACT OF SOFTWARE-INDUCED ASSEMBLY FAILURE

The following results are obtained when 24-hour first-level capability
assembly reliabilities for hardware only are compared with similar values

based on hardware and software failures combined:

24-Hour Hardware

24-Hour Hardware/

Assembly Reliability Software Reliability
CPC .94628 .00043
RMS .96297 .00000(16)
RSS .94493 .00000(03)

Recommendations for improvement of these values are presented in Chapter

Ten.
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CHAPTER TEN

RECOMMENDATIONS

This chapter presents suggestions for improvement-effort allocation
made on the basis of the conclusions reported in Chapter Nine.

10.1 SYSTEM CONFIGURATION
The maior assembly that is most detrimental to TACELIS system reli-
ability is the Remote Slave Station. Two corrective activities are

recommended :

* The RSS must be the focus of a concentrated software improvement
effort.

* The TACELIS system should be deployed wherever possible with re-
dundant RSS configuration. The optimum interface for four RSSs in
one RMS branch is

CPC —— RMS ——MRSS 2
\

10.2 LOGISTIC SUPPORT

The unit types identified in Section 9.4 as having generated the
greatest numbers of maintenance requests will (with the present failure
rates) have a severe impact on the maintenance and supply procedures for
the TACELIS system. For these unit types, a study should be conducted to
choose among alternative solutions, including:

* Modification and improvement of unit
* Implementation of redundancy

* Stocking of spares

Replacement of unit type

10-1




10.3 HARDWARE IMPROVEMENT ALLOCATION

The hardware improvement effort should be directed toward three unit
types:

* The LOB antenna in the RSS
* The Twin-Channel Receiver in the RSS
* The RAMTEK Keyboard in the CPC

The currently suggested improvement effort is based on the limited data
made available for this study and on the definitions of system success out-
lined in Chapter Four. Subsequent reevaluation with more data and analysis
resulting from additional testing may alter this recommendation.

10.4 SOFTWARE IMPROVEMENT ]

stage of development. The scope of this evaluation did not provide for an
assessment of software reliability improvement or performance prediction.
It is recommended that a software reliability assessment effort be intro-
duced as part of RAM analysis during the operational testing of TACELIS.
Planning for software data collection and analysis should begin as soon as
possible because the collection cof useful software incident data requires
appropriate data forms and instruction in their use. The selection of
forms and training in the use of these forms could begin in the present
development test program.

Software is the major reliability problem for TACELIS at the present ]

10.5 LIMITATIONS OF DATA L

The results presented in this report are based on the information \
available to ARINC Research for this study. This information (data from
the first 11 months of developmental testing of the TACELIS system) is in-
complete at the present time. The reader must be aware that the conclusions
and recommendations presented are subject to change as the following events
take place:

* More detailed data become available.
* Existing data are reinterpreted.
* Definitions of system success are changed.

* Additional system testing is conducted.

Methodologies for analyzing the data have been developed. The possi-
bilities and limitations of the test procedures currently in use have been
identified. A preliminary first estimate of numerical results based on
early data returns has been made. This report, if used with an understand-
ing of the deficiencies in the data base from which it was developed, should
be a useful guide to planning for the future of the TACELIS materiel devel-
opment process.




