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ABSTRACT

The Hughes Aircraft Corporation and the RCA Corporation were assigned
complementary tasks by the Naval Electronics Laboratory Center under two
separate contracts for studies to analyze the acquisition of automatic test
equipment (ATE) systems, It is NELC's intent to integrate into a single
document the separate final study reports required to be submitted by each
company. Toward that end, NELC issued a combined outline, and fé.sks were
assigned to each company within that framework.' This report represents only
the results of the RCA effort., However, as an aid to visualizing the RCA tasks
within the total context, the table of contents and the body of the report are

annotated to indicate the sections which were assigned to Hughes.
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SECTION 1

INTRODUCTION1

1,1 GENERAL

The potential logistic advantages of automatic test equipment (ATE) are well
understood, This study has identified program management approaches and
procedures toward achieving those advantages, with particular stress on the
need for timeliness in making ATE decisions and on the organization of technical
and management forces to implement the decision process, The selection of
automatic test equipment is properly a part of logistic planning; therefore, the
results of the study are keyed to the prime equipment acquisition phases

defined in NAVMAT INST 4000, 20A, titled "lniegrated Logistic Support Planning
Policy". 2

Some of the information presented herein is already well known to ATE experts;
some ol it will he Tammillar to logisticians, and other portions will he obvious

to program managers. However, this is the first time that all of this information
has been brought together for the guidance of SYSCOMS in the future selection of
ATE - a process which requires the carefully timed cooperation of technical,

logistic, and management personnel.

1Hughes Aircraft Corporation inputs were integrated by RCA into this combined
section, per agreement at NELC review meeting, 73 Nov, 14,

2It is recommended that the procedural portions of this report should be con-
densed to approximately 5 pages and prepared in a format which will be
acceptable to the custodian of NAVMAT INST 4000, 20A as an appendix to that

instruction,
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Figure 1-1 diagrams the technical, logistic, and management interdisciplinary
relationships for the purpose of showing how ATE selection fits in with the
overall prime system definition, The first step is a technical definition of the
prime equipment to be supported, based on operational mission requirements,
This information is needed by logisticians to enable them to develop support
concepts, including spares and repair level policies upon which ATE may
impinge. .The same information enables the test equipment engineer to develop

test requirements upon which his ATE recommendations will eventually be

MISSION REQUIREMENTS

'

PRIME
] EQUIPMENMT
DEFINITION

:

INTEGRATED ATE CONCEPT/
LOGISTIC SYSTEM  Lag—dn! EQUIPMENT
PLANS DESCRIPTION

'

SYSCOM REVIEW FOR COMPATI -
BILITY WITH MISSION, MANNING
COST, AND SCHEDULE
REQUIREMENTS

PRIME SYSTEM
AND SUPPORT
CONCEPT

DEFINITIONS

Figure 1-1, Interdisciplinary Relationships of ATE Selection
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based. A double-headed arrow between logistic plans and ATE concept/equip~-
ment description denotes the iterative nature of test equipment selection,
whereby initial logistic goals may be modified by later evaluation of test equip-

1 The prime equipment definition and the logistic plans,

ment capabilities,
which would include ATE recommendations, would then be reviewed by the
SYSCOM and modified if necessary for compatibility with missicn, manning,
cost, and schedule requirements. Finally, a combined prime system and
support concept would be defined by the SYSCOM, This same general procedure
is followed at every phase of the prime equipment acquisition process, except
that the ILS concept and the ATE can be defined in increasing detail as the prime
equipment design matures with each subsequent pnase, Five phases of prime
equipment development, as defined in Appendix H of NAVMAT INST 4000, 20A,
are used to determine the various events and decision points of the ATE develop-

ment cycle, These are:

(1) Conceptual Phase

(2) Validation Phase (Engineering and Development)

(3) Full Scale Development Phase (Operational System Development)
(4) Production Phasc

(5) Deployment/Operational Phase (Logistic Support, Inventory Control,

Training, etc.)

During the Conceptual Phase, the prime equipment is defined basically by needs

and objectives, Very general support requirements are specified, such as

1Although this study is devoted entirely to automatic test equipment, it is
recognized that manual test equipment may be a» attractive alternative for
certain limited applications,

1-3
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desired (or required) operational availability, Comprehensive system studies

are performed.

During the Validation Phase, the major program characteristics are validated.
This phase ends with the contract to proceed with the detail design. Support
alternatives, including off-line vs on-line, are considered and general require-
ments for support equipment are resolved, Logistic support models which

consider system life cycle cost are applicable to this phase,

During the Full Scale Development Phase the prime equipment design is
completed, and the support equipment is defined and prototyped.

During the Production Phase off-line test equipment specifications are completed

and procurements initiated,

During the Deployment/Operational Phase, prime equipment specifications are
gerierally frozen, and if new test equipment procurements are made, they must

be tailored to the existing prime equipment.

1.2 IMPACT OF ACQUISI'TION PIIASES

For homogeneous equipment or systems, defined as those in which all components
are at a similar stage of development, the ATE/ILS iterative relationship is
essentially as shown in Figure 1-2, which is an expansion of the ATE/ILS portion
of Figure 1-1, The process starts with the initial proposal of an ILS concept,
which will include, among other things, availability, manning budgets, and the
repair policy at each maintenance echelon, From these parameters, ATE
alternatives toward meeting ILS goals can be defined, and then comparatively

evaluated to establish benefit/cost ratios. As a result of this evaluation it may
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Figure 1-2, Interrelationship of ILS and ATE

prove necessary to feed changes back into the initial ILS concept, where the
ILS concept may have been either too ambitious or not demanding enough, For
example a module tester may be available or producible at a low enough cost
to make it economical to change a logistic policy from one which originally
called for module repair at depot to a policy of module repair on shipboard,
with a saving in shipboard spares and eliminations of depot pipeline delays. .

For ships, aircraft, and other systems which are heterogeneous in that they
utilize items in various stages of development, the process shown in Figure 1-2
becomes operative at more than one equipment or indenture level (e.g. component,
module, assembly, etc,) for each maintenance echelon, Figure 1-3 summarizes
the essentials of the test equipment selection process for such a system, consist-

ing of a combination of existing equipment, equipment currently in development,
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IDENTIFY EXISTING
EQUIPMENT
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IT ALSO
SUPPORT OTHER
EQUIP'T THAN THAT
FOR WHICH ORIGINALLY

15
PLAMNMED
O EXISTING
SPEC'L TEST EQUIP'T
COMPATIBLE WITH

IDENTIFY EQUIPMENT IN ILS GOALS? INTENDED ?

DESIGN & DEVELOPMENT

YES

IDENTIFY EQUIPMENT

TO BE DEVELOPED

—

TEST EQUIPMENT CHAMGES (IF ANY) REQUIRED
ALTERNATIVES TO ARIME OR TEST EQUIPMENT

]

DEFINE AND EVALUATE DEFINE. AMD EVALUATE

Figure 1-3, Impact of Mixed Acquisition Phases

and equipment still in the concept phase., For prime equipment in the first two
categories, planned and existing special teét cquipment must be reviewed for
compatibility with the proposed ILS concept. If not compatible, then other test
cquipment alternatives must be examined, and cither another alternative sclected,
or the IL.S concept altered.  For heterogencous systems, it may be necessary to
accept compromises which result in a non-uniform level of repair, so that at the
organizational echelon, for example, some equipments may be repairable by
assembly replacement, some by module, and others by component replacement,
Test methods and maintenance procedures might be compromised instead, in
order to preserve a uniform repair policy, in which case ATE and manual test
methods plus a rix of different maintenance siill levels might be employed to

accommodate thLe required degree of fault diagnosis,

1-6
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If test equipment originally intended for prime equipment already in existence

or in development is compatible with the planned ILS concept, then that same
test equipment should be analyzed to determine whether it can also service other
equipments in the ship, aircraft, or overall prime system, and, if so, whether
modifications are required for that purpose, It is obvious that equipment not
yet in development affords the SYSCOM a full range of ATE options, while for
equipment further along, hard choices may be indicated between costly modi-
fications ‘to meet ILS goals, and compromising those goals, Since the available
ATE options rapidly diminish as equipment leaves the Validation Phase, it is
clear that the maximum benefits of ATE car best be realized through planning

which starts with formulation of the program concent. Timeliness is especially

_critical when planning for built-in or other on-line test equipment configurations

which require that anywhere from a portion to all of the test equipment will be
an integral part of the prime equipment, Clearly, deferring the decision to use
built-in or on-line test until prime equipment design is under way entails the
risk of a custly design change,

The selection of off-line test equipment can be deferred to the Production or
even to the Development/Operational Phase with the potential risk limited to
obtaining less than optimum test performance where the designer has not been

required to optimize test point accessibility for use with ATE.

1.3 SKILLS REQUIRED FOR ATE SELECTION

The need for ATE decisions to be made early in an acruisition program can only
be satisfied by a technical team which contains a mix of prime equipment and
ATE skills. The prime system is not normally defined in sufficient detail
during the Validation Phase to facilitate ATE selection, except where exising
equipment is being used. The team must be capable, then, of synthesizing the




a

3 S e i,

proposed system in the detail required to enable test requirements to be
analyzed. The ATE part of the team must be experienced enongh to apply
judgment to fit the inevitable gaps that will appear in the prime equipment test
requirements definition during early acquisition phases. Logisticians are
needed to ensure that ILS goals are met, and the whole must be under the

direction of the SYSCOM to maintain program integrity.

1.4 PROCEDURE SUMMARY

The ATE selection procedure can be simply summarized in the following steps:

(1) Determine Test Requirements

This step requires knowledge of the prime equipment configuration and

its logistic support policies,

(2) Identify ATE Candidates

Locate ATEs in existing inventory which willi meet test requirements.

If necessary, postulate new ATE for this purpose.

(3) Evaluate Candidates

Compare candidates on basis of technical performance, logistics, cost,

and other predetermined evaluation criteria.

(4) Select the Optimum Candidate

The ATE selected will provide the optimum match to requirements.

1-8
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1.5 ORGANIZATION OF THE REPORT

Section 2 describes ATE selection decisions as they relate to the various
acquisition phases, Section 3 describes the ATE decision process relative to
maintenance levels, and also contains a discussion of typical built-in test
approaches since this is an area of increasing interest and application, Section 4
covers specifics of the steps in the ATE selection procedure, and because |
modeling can be a useful tool in ATE selection, a subsection discusses types

and capabilltieé of logistic-related models. Section 5 contains examples of
actual systems which have utilized ATE and describes the process by which the
particular ATE type was chosen, Section 6 contains appendices which define
ATE selection evaluation factors, a check list of items to be considered in ATE
selection, a glossary of ATE-related terms, and a comprehensive discussion

of data banks1 and their applicability to the ATE selection process,

1This outline is a preliminary one intended by NELC as a means of coordinating
the work of the two contractors. However, the results of the data bank task
(by Hughes Aircraft) are so extensive that it is considered likely that they will
constitute a separate document when NELC integrates the RCA and Hughes

reports,

1-9
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SECTION 2

SUPPORT DECISIONS RELATED TO PRIME EQUIPMENT
DEVELOPMENT CYCLE

2.1 ON-LINE VS, OFF—LINE1

Section 6.3 contains definitions which should eliminate the confusion often gen-
erated by the proliferation of redundant and conflicting automatic test equipment
terms, The most misunderstood terms are on-line and off-line, and because
of their relevance to the following discussion, a further attempt will be made to
clarify their meanings. The on-line/off-line confusion arises because those
terms are used to describe test equipment placement as well as operational
mode, and the two are not necessarily consistent. Built-in test equipment
(BITE) is defined as on-line because it is inherently connected to the equipment
it supports, However, some of the tests performed by BITE may require inter-
rupting normal operation of the prime equipment — that is, taking the prime
equipment "off-line." BITE, then, although an on-line equipment in the sense
of location or placement, can and usually does operate both in on-line and off-

line test modes.

A simple digital voltmeter normally stored on a laboratory shelf is off-line test
equipment in the placement sense. It can be temporarily connected to an equip-
ment to perform on-line or off-line tests, depending on whether the tests are

operationally non-interfering or interfering, respectively. Permanently wired

1This subsection was not in the original NELC outline. Its addition moved
subsequent sections up by .1.
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into a prime equipment, it becomes on-line equipment, regardless of test mode.
The AN/SSM-5 (TEAMS) and the AEGIS MK 545 ORTS are centralized test sys-
tems which are dedicated to, or always connected to, the equipment they support.
Therefore, they are classified as on-line equipments, even though, unlike BITE,
thej/ can be disconnected or removed from the prime equipment without disassem-
bling or disabling the prime equipment, and even though some of the tests they

perform require taking the prime equipment off-line,

In summary, based on clarifying discussions with Navy engineering personnel,
these are the definitions of on-line and off-line as the terms will be used in this
report. ON-LINE TEST EQUIPMENT is test equipment which is dedicated and
permanently connected to the prime equipment, regardless of whether the test
equipment is built-in or separate from the prime equipment. OFF-LINE TEST
EQUIPMENT is test equipment which is not installed as part of, or permanently
connected to, the prime equipment, ON-LINE TESTING is testing which can be
performed while the test equipment is in operational use, and without interfering
with its operation. It may be performed by on-line or off-line test equipment,
OFF-LINE TESTING is testing which necessitates interruption of, or interfer-
ence with, prime equipment normal operation., It, too, may be performed by

on-line or off-line test equipment.,

2.2 CONCEPTUAL PHASE

2.2.1 Introduction

The confidence with which test equipment decisions can be made depends almost
entlreiy on the information available for the equipment to be supported. Obviously,

the supported equipment will be least well defined during the Conceptual Phase,

2-2
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and only late in the Validation Phase can modules and their detailed test require-
ments be identified. Nevertheless, basic test equipment decisions do need to be
made during the Conceptual Phase, and it is clear that the decision process will
require considerable judgment and experience in the absence of firm and detailed
technical information during that phase. The decision to use built-in test equip-
ment (defined here as test equipment which is an integral part of the prime equip-

ment) must be made during the Conceptual Phase,

Deferring that decision to a later phase is inviting a costly design change in the
prime equipment at that time. Somewhat less urgent is the decision to use
external test equipment. Even in this case, however, there are reasons for
making that decision during the Conceptual Phase, The possible need for test
equipment interface hardware within the prime equipment is one such reason.
And even if no integral interface equipment is required, if the test equipment
or test method can be specified hefore validation, the design can better provide
for the necessary test access., While the foregoing statements can generally
be applied to mechanical as .well as electronic equipment, test decisions for
mechanical equipment which will need relatively few sensors for test purposes
could be deferred to the Validation Phase with a lesser risk of major design
changes. An example of mechanical equipment for which test decisions should
be made during Conceptual is a gas turbine engine. A larger number of sensors
must be planned for than are needed for normal operational instrumentation,

particularly if gas path analysis is selected as the means for evaluating engine

performance,

Figure 2-1 summarizes the types of ATE decision that can be made during the
Conceptual Phase, and the format for defining those decisions. The decision

as to whether to use on-line, off-line, or both classes of test equipment is

2-3
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CONCEPTUAL
N-UME? OFF-LIMNE
BUILT-IN? EXTERMNAL?  ORGAMIZATIONAL ? IMA? " DEPOT?

[ =

TOF LEVEL ATE SPECS,

TOP LEVEL SOFTWARE SPECS.

PRIME EQUIPMENT INTERFACE OUTLINE
TENTATIVE FAULT ISOLATION LEVELS

Figure 2-1, Conceptual Phase ATE Decisions

made during this period. Also, whether the on-line equipment should be built-in
or external should be defined, along with the maintenance level at which off-line
test equipment will be used. The results of these decisions are summarized in
top level specifications for the ATE hardware and software., Impact on the prime
equipment anticipated from the ATE interface will be defined in a general way,
as will the fault isolation level for on-line equipment., It will be possible to be
more specific about the fault isolation level for off-line test equipment, because
off-line test equipment is usually not hampered by the stimulus, space, opera-
tional non-interference, and other considerations which limit the fault isolation

capability of on-line test equipment,

2.2.2 Meeting Availability Goals

Availability of the prime equipment will be specified to be consistent with mis-
MTBF
MTBF + MTTR®

sion requirements, Availability = Improving MTBF in order
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to increase availability is not a function of test equipment selection, but is deter-
mined by prime equipment complexity and component state of art. However,
MTTR and thus availability, can be improved by the selection of test equipment
which will reduce the portion of repair time required for diagnosis of the faulty

component or assembly, and for retest after repair. Where availability goals

_ are difficult to meet, consideration should be given to the use of on-line test

equipment in order to minimize diagnostic time. The dcsigner has the choice
of specifying built-in test equipment or an external test set which is always
connected to the prime equipment. In either case, since diagnostic time is
only a portion of MTTR, the prime equipment rtiust be designed to minimize
access time for parts replacement. Also, the test equipment availability
should exceed that of the prime equipment (ideally, 10 to 1), and similar design
practices should be applied to achieve that goal. With on-line test equipment
complexity usually less than 10 -~ 15 percent of the prime, a higher MTBF than
the prime is assured at least on a parts count basis, but self-test is still nec~
essary to sense test equipment failures which can cause false goes and no-goes

in the test results, and to minimize the test equipment MTTR.

2.2.3 The Role of the Maintenance Engineering Analysis (MEA)

The MEA is initially made during the Conceptual Phase. It will necessarily be
incomplete at that point because of the lack of technical detail which can be
made available, The MEA is therefore updated through subsequent prime
equipment acquisition phases., Maintenance Engineering Analysis (MEA) forms
are usually used to specify test equipment requiremenés and thus are normally
not useful as raw inputs to an ATE selection process. However, where logistic
funding permits, and often this is only the case on major weapon system pro-

curements, the MEA process can be expanded during validation to specify
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detailed test requirements at the stimulus and measurement level for each
module, thereby enabling test equipment selection to be made with a high degree

of confidence,

During the Conceptual Phase, the MEA can only assist in making broad test
decisions, such as, for example, whether an on-line or off-line test equipment
approach should be chosen to meet availability requirements, and selecting the

equipment level to which fault isolation should function.

2.3 VALIDATION PHASE

During the Validation Phase, detailed design decisions can be made for test
equipment options previously selected during Conceptual. To decide to incor-
porate huilt-in test after validation has been contracted for conld result in
costly design changes. However, the final selection of off-line test equipment
could be made as technical details of the prime equipment unfold to enable a
fine-grain analysis of test requirements to be made — possibly via the MEA
procedure, This is the phase during which a module tester could be selected.
Figure 2-2 summarizes thec ATE decisions of the Validation Phase, which are
largely those which expand in detail on major decisions previously made.
Results consist of detailed ATE hardware and software specifications, and
either selection of existing test equipment, or specification and start of design
for new test equipment. Details of the prime equipment interface will be
developed as the prime equipment design becomes better defined. The func-
tioning and specifics of fault isolation will also become definable, with partic-
ular impact on on-line test equipment. At this stage the need for compromises
on on-line performance will become apparent, and it may be found that ''fault
isolation to the module level'" may in some instances have to mean fault isolation

to a group of modules rather than always to an individual module. Packaging
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T Figure 2-2, Validation Phase ATE Decisions

i.

1 and circuit partitioning of the prime equipment form one of the major constraints

i' on the fault isolation capability of on-line test equipment. Maximizing packaging

i efficiency and standardization leads to the design of modules containing many

L identical circuit elements, such as all flip-flops or all gates, to be distributed

i over a number of subsystem functions. The many input and output lines of these

L modules make them difficult to fault isolate with on-line test equipment, Inevitably,
1 compromises between prime and test equipment design goals will be necessary,

2 and these are best resolved where the same engineering management directs the

0 prlme and the on-line test equipment design tasks.,

IT 2.4 PRODUCTION PHASE - HUGHES AIRCRAFT CORPORATION

.

:" 2.5 DEPLOYMENT/OPERATIONAL PHASE - HUGHES AIRCRAFT CORPORATION
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SECTION 3
SUPPORT ALTERNATIVES BY MAINTENANCE LEVEL

3.1 ORGANIZATIONAL

The selection of support alternatives for the organizational level requires crit-
ical technical decisions to be made early in the acquisition program before
technical details have been developed. Organizational test equipment is more
tightly bound by physical, 'cost, and manpower constraints than is test equip-
ment intended for other maintenance levels. On-line test equipment, whether
built-in or external, is a strong contender at this level, and the added cost per
installation multiplied by the number of installations requires consideration of
MTTR reducing methods which do not rely entirely on test equipment. Figure
3-1 illustrates the range of generally acceptable BITE complexity expressed as
a percentage of the prime equipment. Two percent is the approximate minimum,
although it could run lower for a simple detector to indicate the presence of
powcer. More significant is the maximum, which is set at 10-15 percent to en-
sure an MTBF significantly higher than the prime equipment, and to avoid an
intolerable increase in acquisition cost. Where BITE may require a greater
percentage of the prime, self-healing and adaptive circuitry become serious
contenders, although as will be discussed, these methods can be costly and do

not necessarily climinate the need for organizational test equipment.

Design approaches will be briefly discussed in this section which can replace

or augment organizational test equipment.
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UUT COMPLEXITY
Figure 3-1. BITE Relative to the UUT

3.1.1 Built-in Self-Healing

Built-in self-healing is a design technique which can reduce and perhaps elim-
inate built-in test equipment. It is beyond the scope of this report to attempt
detailed coverage of this technique. However, it is discussed here because it
must be considered as an alternative to built-in test equipment. Active self-
healing would detect the presence of a fault and automatically switch over to a
standby circuit. Since active self-healing must contain a fault-detection mech-

anism, it can provide a BITE function by externally displaying the malfunction

detected.

Passive self-healing is achieved by redundant circuitry which automatically as-
sumes the function that was performed by a failed component, without the need
for fault detection. Figure 3-2 illustrates the technique as applied to a simple
diode path. Here four diodes are connected in what is sometimes known as a

"hammock" circuit. It can be seen that a normal diode path will continue to
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REDUNDANCY OF COMPONENTS

——
DIODE PATH CONTINUES TO EXIST WITH:
e | - 1) ONE DIODE SHORTED IN EACH LEG, OR
2) BOTH DIODES IN ONE LEG OPENED, CR
ST S— 3) ¢ FLuS ONE DIODE SHORTED IN OTHER LEG.

Figure 3-2. Component Redundancy

exist for a variety of combined failures. Figure 3-3 shows two dc power supplies
isolated from each other by diodes but feeding the same load. If both supplies
provide the same output voltage they will equally share the load. If one goes
down, the survivor will supply the entire load. Each supply would have to be
capable of handling the entire load. The degree of redundancy can be increased
to improve operational reliability, but, clearly, at a further increase in cost

and complexity. The danger in passive self-healing is that there is no way of
knowing whether or not the equipment is working on its last reserve component

or assembly. Auxiliary BITE devices would be needed to detect a failure of

o o REDUNDANCY OF ASSEMBLIES
POWER *® i * POWER
fpane kil EITHER SUPPLY CAN SHORT OR OPEN, AND
-o 5 o - OTHER WILL CONTINUE TO SUPPLY LOAD..-
$1L04D l_

v

Figure 3-3. Assembly Redundancy
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one of the power supplies in figure 3-3. However, detecting failures in re-

dundant components, such as the diodes of figure 3-2, would not be as straight-

forward. To avoid the need to probe the diodes individually, precise voltage

readings across the entire network would be needed, with the network replace-

able as one unit. Simple examples have been presented here. Much more

complex variations of self-healing will be apparent to designers of digital equip~
ment. However, the problem of detecting failures when the entire system con-

tinues to operate normally remains a serious one.

Voting circuits are another form of self-healing, and they may or may not con-

tain an inherent failure detection mechanism. Figure 3-4 is an example of
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Figure 3-4. Voting Logic Application
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voting logic dictated by flight safety considerations. Shown is a method for

using three radar altimeters in an automatic landing system.

Altimeter A is the primary altimeter, and its output will be used if it is in
agreement with either B or C. Altimeter B is the backup to A, and C is used
only for voting purposes. This is a simplified example. Obviously, a thresh-
hold of agreement would need to be established, and also the logic would have

to recognize ""agreement" due to two or more sets being turned off.

3.1.2 BITE On-Line Fault Isolation to the Replaceable Module

" The ideal in ATE operation is to fault isolate to the replaceable module level,

using built-in test equipment (BITE), while the prime system is on~line (oper-
ational). To achieve this goal requires either that normal operation provide the
necessary stimulus, or that it can be applied by the BITE without interfering
with the module's normal functioning. Oscillator, clock, and power supply
modules are self-stimulating and can be fault~isolated by output measurement.
Amplifiers through which a signal of known characteristics flows duripg normal
opcration can also he fault-isolated on-line by simple measurement. Pulsed
oscillators or generators where the measurement can be synchronized with the
trigger also lend themselves to on-line fault isolation. Mechanical devices are
often naturally self-stimulating. Pressure systems, engines and other rotating
machinery are fault isolatable on-line with a much lower sensor or test point
density than is usually encountered with electronic equipment. Radio and radar
receiver modules present special problems because the wide range of normally
encountered signal types and intensities are too unpredictable to be suitable as
test stimuli. Modules of a radar receiver. however, could be externally stim-
ulated b; BITE during the transmission part of the radar cycle, although that

would not be on-line testing in the purest sense of the term. Digital modules
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can be fault-isolated on-line, similarly to the case of the radar receiver, by
stimulating them and measuring response between operational windows. This
is, in effect. a time-sharing technique, where test modules in the operating
software feed test patterns and evaluate response between normal computational

pulses.

As mentioned previously, packaging efficiency and standardization are often

the enemies of on-line fault isolation, because they tend to complicate the stim-
ulus and test logic required to fault isolate to a single module. The ideal mod-
ule for fault isolation is one with a single input and output. If a module contains
an I¥ amplifier along with stray components from other functions for which
space happened to be available on the IF module, then fault-isolating the mod-~
ule will obviously he considerably complicated by the need to test the sub-
functions or sub-sub-functions represented by the odd components. Digital
modules are often standardized for good logistic reasons. But where a standard
module can contain dozens of identical logic gates for external connection to
many logic circuits, there is an obvious problem in isolating failures to that
module, and the continuing development of computer programs for automatic
generation of digital test patterns represents the most likely solution to the

problem,

Regardless of whether fault-isolation is to be accomplished on-line or off-line,
its achievement requires a team effort involving the circuit design engineer,
the packaging engineer, and the test engineer. Circuit partitioning is the most

important factor in the success of BITE.

3-6
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3.1.3 BITE Off-Line Testing to the Replaceable Module

With the inhibition of operational non-interfcrence removed, it becomes con-
siderably simpler to isolate faults to a replaceable module with BITE. However,
the practical limitations on space for stimulus generators and access to input
terminals keeps BITE from achieving the test capability of off-line (external)
test equipment. In the future, microcircuit developmenté should alleviate the

problem and increase the application of BITE techniques.

Figure 3-5 is a simplified diagram of a BITE approach developed for a commu-
nication transgeiver which achieves fault isolation to the replaceable module,
using a combination of on-line and off-line test techniques. Only the receiver
portion is shown to illustrate the technique as it is applied by RCA to the Mk
LC HF Transceiver, a successor to the AN/ARC-161 HF Transceiver which is
too new to have been assigned an AN/ARC-number. Frequency generator mod-
ules of the frequency synthesizer, and power supply modules are basically self-
stimulating, so they are continuously monitored on-line, and a single fault
light indicates failure of any one of those modules, while a numerical readout
indicates the particular faulty module. If it is desired to run a routine check,
the operator presses a button and briefly interrupts normal operation to initiate
a complete self-test. A signal generated within the frequency synthesizer is
switched to the antenna terminal in place of the antenna, and an automatic se-
quencer steps through each module in turn, starting at the front end and pro-
ceeding toward the audio output, while testing for module failure by evaluating
the signal at each inter-module junction. When a failure is detected, the se-
quence stops and an indicator displays the number of the module to be replaced.
The success of this method resulted from a coordinated design effort whereby
circuit partitioning and packaging were directed toward the goal of completely

automatic built-in module fault-isolation. The percentage increase in system
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complexity through the use of BITE was well under five percent in this case,
thanks to the ingenious minimization of stimulus. The only drawback in this
approach would seem to be that, in case of multiple failures, only one faulty
module at a time could be detected. However, the occurrence of multiple fail-
ures is low in probability, and to generate a separate and unique stimulus for
each module in order to allow for that remote possibility, would have enormously
and unacceptably increased the BITE complexity. Although the transmitter unit
delivers one kW output, an 18 watt internal dummy load is sufficient for test
purposes because of the limited test duty cycle.
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Figure 3-5. Mk LC Radio Receiver BITE
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3.1.4 Off-Line Testing - General

Organizational off-line testing can be performed by off-line test equipment or
it can consist of end-to-end or sub-system testing by BITE or by other on-line
test equipment. Module fault isolation can conceivably be performed off-line
while the assembly which contains the modules remains in its normal operating
location. It is more likely, however, that the assembly will be removed and
taken elsewhere to the location of the automatic test facility. Fault isolation in
place can be done by probing with manual test equipment, or by the use of por-
table automatic test equipment. In any case, testing can be facilitated by pro-
viding a test connector (as is done for VAST) to enable access to test points
without disassembling the equipment. Where test points required for fault
isolation to a module are critical with regard to impedance or cross-talk, it
may not be possible to wire them to an external connector without degrading
performance. One possible solution would be to place an isolation circuit be~
tween test point and test connector. The alternative is disassembly and probing
of the circuit, which requires dexterity and care on the part of the operator to
avoid damage. As with BITE, circuits should be partitioned and modules laid

omd to acilitate fault jsolation.

Off-line fault isolation 1o a module level can be a lwo step operation where it is
not practicable to bring out the test points necessary to locate the faulty module
on the first pass. The first step would locate the malfunction to a group of
modules (obviously, the smaller the group, the better), and the modules in that
group would be removed from the parent assembly and individually tested man-
ually or by an automatic module tester to pin-point the defective one. The
techniques for off-line end-to-end or sub-system testing are similar whether

BITE, other on-line test equipment, or off-line test equipment is used. BITE
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is handicapped relative to the latter two by the constraints that go with being
physically part of the prime equipment. However, BITE has an advantage in
closer access to internal test points, which could reduce the need for special
test point isolation circuitry relative to requirements with external test equip-
ment. Examples will be given of organizational test equipment which performs
tests at higher levels than the replaceable module. NELC has developed a
receiver noise figure measuring device which could be incorporated in a re-
ceiver as BITE to perform overall tests, or which could be used as off-line
organizational test equipment. Figure 3-6 shows the device in a BITE appli-
cation. The receiver is taken off-line, and a noise generator is used as stim-
ulus, obviating the need for tuning. The noise figure reading developed is a

measure of the condition and circuit alignment of the entire receiver.

i NORMAL ANT. ourPUT
-0 TERM. RECEIVER TERM. O-

CIRCUITS

TEST
TEST
O—TIORMAL o OUTPUT DEVICES
AUTOMATIC
SWITCH
. SIGNAL | o DISPLAY
PROC.
TEST MODULE
BITE OPERATION CHARACTERISTICS
OPERATOR SETS GAIN/SQUELCH CONTROLS AS REQUIRED OPERATOR INITIATED
OPERATOR SETS BANDWIDTH CONTROL AS REQUIRED NORMAL OPERATION MOMENTARILY

INTERRUPTED (OFF-LINE)

OPERATOR SETS BAND/FREQUENCY OF INTEREST
END-TO-END PERFORMANCE TESTED

OPERATOR DISABLES AGC
OPERATOR DISABLES NOISE LIMITER
OPERATOR INITIATES TEST
DISPLAY INDICATES NOISE FIGURE

Figure 3-6. NELC Receiver Noise Figure Tester-Shown Adapted as BITE
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Figure 3-7 illustrates off-line end-to-end test of an AN/APN-155 altimeter
using BITE hardware. The operator depresses a test button which switches a
calibrated delay cable in place of the antennas. The indicator will then read
the test altitude if the entire set is functioning properly. No faulty isolation

/ PUSH TO TEST
13
SIG. '
XMTR RCVR Sser @

P ~ ABSOLUTE

ALTITUDE
INDICATOR

is provided.

TERRAIN

BITE OPERATION

OPERATOR PUSHES TEST BUTTON ON INDICATOR

CALIBRATED DELAY CABLE SWITCHED IN PLACE OF ANTENNAS
INDICATOR DRIVES TO CALIBRATE ALTITUDE

OPERATOR READS AND INTERPRETS RESULTS

CHARACTERISTICS

OPERATOR INITIATED
NORMAL OPERATION MOMENTARILY INTERRUPTED (OFF-LINE)
END-TO-END PERFORMANCE TESTED (LESS ANTENNAS)

Figure 3-7. AN/APN-155 Radar Altimeter BITE

The AEGIS Mk 545 Operational Readiness Test System (ORTS) is depicted in
simplified block diagram form in Figure 3-8. This is an example of an on-line
(always connected to the prime equipment) centralized automatic test system.
It performs on-line and off-line tests from overall system operability down, in

some cases, to the module level. Practical limitations on the partitioning of
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MULTIPLEX SYSTEM SIMPLIFIES DATA GATHERING EQUIPMENT
COMBINED ON-LINE AND OFF-LINE METHODS USED
OPERATOR INITIATES OFF-LINE OPERATION

Figure 3-8. Aegis Mk 545 Operational Readiness Test System (ORTS)

the prime equipment. which were largely dictated by logistic considerations,
result i faull isolation sometimen ntopping at the level of groups of modules.
‘I'he intent is to use ORTS with a module tester for those cases, providing two
step module fault isolation where necessary. ORTS is computer-controlled
and shares the data processing sub-system of the AEGIS weapon system which
it supports. The only portions of ORTS which are internal to the supported
equipment are the interface assemblies through which test data are multiplexed
to the ORTS control consoles and computers. Analog test signals are all con-
ditioned and normalized to a dc range, similarly to guidelines established in

MIL-STD-1326. Serial and parallel digital signals are acquired through the
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data acquisition interface, either synchronously or non-synchronously. Test
points are automatically interrogated in a sequence determined by the test soft-
ware, or by manual override of the operator. Responses are received on the
same multiplex data cable, and the shared control processor operates on the
data and displays results at control consoles. Although an elabnrate system,
ORTS services a highly sophisticated weapon system, and the added complexity
due to ORTS is estimated at under the 10-15 percent maximum established for
BITE. ORTS is an example of organizational equipment which is comprehensive

enough to eliminate all additional test equipment .except for a module tester.

3.2 INTERMEDIATE LEVEL EQUIPMENT - Hughes Aircraft Corporation

3.3 DEPOT LEVEL EQUIPMENT - Hughes Aircraft Corporation
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SECTION 4

SELECTION PROCEDURES

The selection procedures described herein are accompanied hy background
material to familiarize the users with logistic considerations, generic ATE
types, and economic analysis methods. The procedures were developed for
SYSCOM users and others whose specialty is in the prime equipment for which
they are directly responsible, and whose ATE task consists of seeing that the
proper resources are directed toward the selection of the most cost-beneficial
ATE. Since the ATE selection procedures are essentially intended as project
and technical management tools, the background material is held to a level
consistent with that intent. No attempt was made to duplicate the extensive
library which is available elsewhere to the specialist in logistics, ATE, and

econoinic analysis.

4.1 IMPACT OF THE LOGISTIC SUPPORT CONCEPT

Alternative maintenance concepts will be synthesized by th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>