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TEST PROGRAM SET (TP?\ DESIGN GUIDE

FOREWORD

This dc;cumenf prepared for the United States Army Electronics Command,
Fort Monmouth, New Jersey, under Contract DAABO7-77-C-2727 is
intended to serve as an aid in developing definitive Test Program Sets (TPS's).

The objectives of the design guide are to support specific basic parameters
for mission vehicle operational readiness through the development of ;
effective, efficient and economical methods of mechanizing the tools

required for supporting and repairing electronic components.

DMI: Sciences International, Inc. (DSII) has reviewed a significant data
base, established by the military and industry, and hos arrived at the con-
clusions contained in this report.

The intent of this study is to identify cost drivers and areas: of responsibility
that will provide the Army with a basis for TPS development. This develop-

ment will lend itself towards cost effective measures that will enhance system
effectiveness. :

i 0 A e e R ot e 1
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SECTION |

1.0  INTRODUCTION

1.1 PURPOSE

This Design Guide has been prepared to provide consistent and uniform
requirements and guidelines for planning and specifying Test Program Sets
./ S's) for Units Under Test (UUT's). The Design Guide will also provide

both design and evaluation criteria to ensure acquisition of complete

ond uniform TPS's. Additionally, it covers the prime drivers needed to

implement the development of TPS's. * Contained in this guide are:

If properly implemented, the TPS Design Guide will provide the Army with
well planned and well constructed test programs that satisfy the test support

Planning the development of TPS's for the purpose of
specifying their total requirements in detail.

Planning the development of TPS's for the purpose of
understanding and applying developed information in

the preparation of TPS's.

Evaluation of TPS's development planning and imple-
mentation during the design and generation of TPS's.

Evaluation accessment of TPS's to ensure acquisition

and/or development of complete and uniform products.

requirements at the following Level of Repairs (LOR's):

Organi zational




d.

following:

C,

General Support
Depot
Manufacturer (Vendor)

Implementation of the TPS Design Guide has the capability of achieving the

Providing a system that when motivated to completion
can allow a proper understanding of the tasks to. be
performed in support of TPS's,

Providing the tools needed to make the SYSTEM work.

Providing concepts applicable to improving the TPS's

system requirements.

Describing the effects of implementation of a TPS
design guide in terms of capitalization of existing

personnel and organizational method of operation.

The foregoing (a. through d.) describe what are considered to be the real
drivers in the development of the TPS Design Guide. The contracted
elements to be provided will have the capability to assist in:

Planning TPS's
Preparing specifications for TPS's
Providing engineering guides for the preparation of TPS's

Providing engineering guides for the accessment of TPS's

sk itens
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| 1.2 DESIGN GUIDE PROJECT

The Design Guide Project has been performed in three (3) development
phases and is divided into five (5) planning cetegories of titled structure.

| : 1.2.1 Specific Contractual Requirements

The guide has been developed in compliance with the following contractual
terms:

PRIk R L NP R, LRy g Y

a.  Support concepts, automatic test design considerations,
test program set design, interface device design, code

and compile, integration and acceptance testing.

b. Planned and existing ATE have been reviewed. The
state-of ~the -art in electronic equipment design has
been reviewed (in both UUT's and ATE's) and the
changing needs for ATE has been projected from the
present through five (5) year increments ﬂwough 1988.

c.  This guide will serve as a simplified reference, for

information selection to major support levels for TPS

development and application. Topics such as data

collection, data analysis, interface design, program=-
# ming techniques, integration, program verification,

fault insertion and acceptance testing, documentation '
’ : and configuration control will be discussed in the

following sections.

Compliance with each of the contract's terms has been
met within the body of the guide with easy access and
reference to the reader as well as a TPS's development

- planning user, '
P g 1-3 :




1.2.2

i i 1.2.2.0

E 1.2,2.2

1.2.2.3

1.2.3

The Development Phases

Phase 1 - Consists of a thorough research and perusal of all available

documentation, including papers, reports, specifications, standards, etc.
Phase 1 was not limited to documentation data but also included: presenta-
tions, meetings and discussions with personnel of varied expertise in the
fields of testing, electronics, ATE and TPS development. This included
hardware, test software, operating systems, higher order language, on-
line edit and compile, and human engineering. The content of these
meetings ond discussions appears throughout the guide.

Phase 2 - Consists of the deveiopment of a methodology for absorbing
and collating all the data made available and documenting it in a format

from which the guide could be systematically generated.

Phase 3 - Consists of mechanizing the information and formats established

in Phases 1 and 2 into the required TPS Design Guide.

The lenirLgCofegories

The preceding establishes the planning checklist categories of the guide

as follows:

1.  Support Level

2.  Testability/Built-In-Test
3.  ATE Factors

4.  UUT Data Definition

5. Design Review Requirements

-4
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1.3

“Configuration Management " is addressed throughout the entire text, and
specificatly in Section XI.

ASSUMPTIONS

The foundation of the guide reports is based on the following:

a. That the guide will be used by engineers and
managers who understand the stringent require-
ments of TPS development, '

b.  That only a partial implementation of the guide
will be used on certain occasions.

b
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2 2.0

2.1

2.2

SECTION i

LEVEL OF REPAIR

SCOPE

This section deals with the first system level element requiring test
definition and/or trade study to determine the proper level at which
the Unit Under Test (UUT) should be supported and what diagnostic/
isolation criteria may be expected. The product of this section is a
checklist which will identify the level of support based on the UUT's
ability to be tested and the required or available test equipment.

GENERAL

Ideally, an electronic system could be designed to dfagnose itself

through a combination of Built-In-Test hardware and software such that

a failure could be isolated to a single sub-assembly at the organizational
level. This would require only two (2) organic levels of support, Organi-
zational and Depot. Inherent in this would be the elimination of the
general (Intermediate) Support level and the Return-to-Vendor for Repair
and thereby eliminate logistic problerr;s these two repair levels cause.

Realistically, this approach exists only on rare occasions. Until electronic
systems are truly designed for testability and present untestable systems

are purged from the inventory, actions must take place that will allow

the best technical and cost related decisions possible within our present
and near term projected test environment.

Checks and balances of where and how to test and support electronic
systems is dependent on a myriad of complex technical and cost factors.

=1
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The following discussion is provided to give insight into those factors which
allow a procurement agency to specify the proper level of support and test

isolation criteria for a given electronic system and its sub-assemblies.

Discussions in this section assume that (a) some testability design require-
ments ‘;cere imposed on the supplier during procurement, and (b) that some
form of Logistic Support Analysis (LSA) has been performed to determine a
preliminary support/test level. In the event either or neither were accom-
plished, this section provides insight into a stand-alone determination of
the level of repair assignment along with a brief accessment of the testa-
bility of the UUT that should be required.

REFERENCE DOCUMENTS

The following documents were utilized as reference material - pertinent to

this section.

Mi lito:z:
MIL-STD-1388

Logistic Support Analysis
MIL-STD-415D

Test Provisions for Electronic Systems
and Associated Equipment, Design

Criteria for

MIL-STD-1326

Test Points, Test Point Selection and
Interface Requirements for Equipments
monitored by Shipboard On-Line
Automatic Test Equipment

NAV MAT INST
3960.9

Built-In-Test (BIT) Design Guide
" Enclosure [l dated 9 September 1978

-2
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Other Publications:

ARINC Pub. 562-01-1-866 - Guide to the Application
of Built-In-Test

2.4  LEVEL OF REPAIR/TESTABILITY CONCEPT

A summary checklist of the major Logistic and Testability factors that

y determine the UUT Level of Repair are provided. This is accomplished
by summarizing the Logistic Support Analysis data and combining this
with on accessment of the UUT's testability.

2.4.1 General

For the purposes of this discussion, the following support levels are defined
along with their generally accepted functional goals and/or responsibilities:

o Organizational = On-board test to isolate a failure
to a single faulty Line Replaceable Unit (LRU). Remove

and replace the LRU and retest system to verify proper
operation,

o  General/Intermediate - Diagnostic test of the LRU to
isolate to a faulty Shop Replaceable Unit (SRU).
Remove and replace the SRU and retest the LRU to
verify proper operation.

° Depot - Diagnostic test of the SRU to isolate to the
faulty component(s). Remove and replace components
and retest the SRU to verify proper operation.

Concurrent with the above, other support requirements that directly affect

-3




and influence Maintainability and Reliability characteristics of electronic

design and are major inputs to the LOR are:

l : o Number of sites anticipated
. o Number of operating hours of the MISSION VEHICLE .

o Number of MISSION VEHICLES to be activated

t o  Skill levels required at each echelon

F1 o Quality and availability of component parts

Decisions based upon the results of the LOR and LSA programs, for any
given piece of electronic hardware, airecfly affect the maintenance

concept, spares provisioning, level of training, depth of coverage in

technical manuals and support equipment recommendations.

Based on an analysis of available data, it was determined that regardless
of the care taken in the preparation of a detailed Logistic Support Analysis
(LSA), a UUT is often assigned to a support level which is either incompat-

ible, inefficient or totally unnecessary.

In the latter part of this section, each level of repair is discussed in detail
as it applies to testing of electronic equipment.

2.5  RELIABILITY AND MAINTAINABILITY

In order to properly assess the implications of this guide to TPS develop-
ment, a cursory description of Reliability (R) and Maintainability (M) !
practices is provided. s g

=S
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2.5.1

2.5.2

Reliability (5)

Reliability is an important characteristic of military electronic equipment,
and all factors affecting reliability are carefully evaluated in trade-off
analyses beginning in the early design phases and continuing through the
mcnufc':cfuﬁng phases. Primary requirements should be set to assure the
achievement of the required reliability levels, for any specified equip-
ment(s), in the 'most cost effective manner possible. A Reliability Program
should be instituted for the positive control of parts and materials, reli-
ability test and evaluation, and the analysis and correction of foi lures
and design deficiencies.

Maintainability (M)

The prime purpose of any Maintainability Program is to describe the
management controls and procedures that will be followed by the contractor
and any subcontractor to ensure the highest possible degree of maintain-
ability, consistent with operational requirements and support capabilities.

The major task of influencing design regarding M requirements is accom-
plished by the establishment of a direct line of communication to the
cognizant design engineer. The M engineer should maintain continuous
design liaison so that an analysis of the various design alternatives is
conducted. In this manner, requirements, accessments and guidance can
be provided in areas where M is affected.

Because of the interaction and trade-off potentials between Reliability
and Maintainability, close coordination between the two functions must
exist. The Reliability activities provide progresivily detailed future
prediction rates based on design progress and baseline changes. This data

=5




2.6

will be used by Maintainability for determination of M parameters,
Similarily, Maintainability will keep the Reliability group informed of
all significant changes in quantitative values, based on these M predic-
tions, such that appropriate frade-offs and corrective actions can be

initiated.

A properly constructed M program addresses itself additionally to factors
other than inherent design reliability and configuration. The factors
that should be included and outlined in an equipment specification are:

o Interchangeability requirements.

o Provisions for Built-In-Test (BIT) features,
construction and packaging, provisions for
test points, and other Maintainabi lity
parameters as specified in military specifica-

tions,

o Equipment compatibility with anticipated -
Automatic Test Equipment. '

o Built-In-Test used to isolate any SRU to
within a specified confidence factor with
o prescribed Tum~-Around-Time.

MISSION VEHICLE AVAILABILITY

Mission essentiality is the prime requirement in any military scenario.
Mission essential equipment is specified for the various types of Mission
Vehicle applications. In many instances, specific missions may be
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conducted with limited or partially working systems. However, the
,‘ ultimate-desirability is that all systems be operable. Factors influencing
Mission Vehicle availability are:

° Reliability of the system or its sub-systems.

o Maintainability wherein faulty elements or
elements of a system are rapidly isolated and
replaced. :

o The ability to readily remove and replace the
faulty element(s) of a given fault isolation group

with a functional element as rapidly as possible,
AND Packaging for functional modularity plus
appropriate test points to determine the size of
the fault isolation group.

o Logistic Spares available at the appropriate
maintenance level, and that any movement
between maintenance levels be conducted

| expeditiously.

The military measure of determining availability of a deployed system
is expressed as Mean-Time-Between=-Fai lure (MTBF) and Mean=-Time-
To-Repair (MTTR) in the following equation:

MTBF

Availability =
MTBF + MTTR

MTBF is the Mean Time Between Failures
MTTR is the: Mean Time To Repair

-7
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2.6.1

2,6.2

Although there is a general belief that each of these factors, (i .e., MTBF/
MTTR), are definitive in theory, they are not as clearly defined in practice.
Determining exactly when an equipment has failed is difficult to determine.
This is particularly true where today's systems have been reduntantly designed
or have the capacity to operate in a degraded mode.

A brief dissertation on how MTBF and MTTR affect this design guide follows:

Mean Time Between Failure (MTBF)

Micro-electronic technology has advanced wherein the cost, weight and
power of a given system function has declined, systems have become more
and more complex. Because the number of active elements for a given system
has increased dramatically, MTBF's have tended to become lower, even with

improvements in device reliability.

Various techniques including redundancy are widely used to improve the
situation. Predicated on our analysis, one must accept that with highly
complex systems, the effect of MTBF on avai lability is statistically limiting
and that improvements to MTTR, as outlined below, usually provide the most
cost effective solutions to availability problems.

Mean Time To Repair (MTTR)

MTTR is a very complex function and to develop the techniques necessary to

improve it, the effects of the various elements must be identified and under-
stood so that the proper life cycle cost analysis can be made for each main-
tenance level, MTTR may be generally described as follows:
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MTTR = K' fD+K2f| +K3fRR+K4tC

where K1 'D is the time taken to detect a malfunction

of the electronic unit.

K2 t| is the time taken to isolate a failure to a fault

isolation group.

KafRRisihoﬂmfckonfomnovemdnplccotho

faulty elements.

K 4 tc is the time taken to confirm that the repair action

was successful .

o K‘ 'D Time Taken to Detect Failure

Essential where safety or mission success requires
a need to know rapidly that an equipment is
malfunctioning. This element then may be the
only driving factor.

Equipments of this type still have to be maintained,
and it should not be allowed that the primary require-

:ment exclude other testability requirements.

o K2 f| Time Token to Isolate a Fcﬂuro

The time taken to isolate to a specific fault isolation
group is a direct function of the testability design of
the UUT or the extent to which BIT has been incorporated.
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K3 teR Time Taken to Remove and Replcce Faulty

Element

Ideally, a malfunction will result in the identifica-
tion of a fault isolation group of a single element

of a major assembly. Without an adequate design

for testability, this may not occur. It can be readily
appreciated that adequate fault isolation will reduce
the number of assemblies to be spared, and the time
taken to replace a single element will be less than

for a group.

The major requirement is that the equipment should
be designed for ease of removal and replacement of
all identifiable (by the fault isolation group) sub-

assemblies.

K 4 t C Time Taken to Confirm that the Maintenance

Action was Successful

This element is important at all maintenance levels,
but particularly where the unit under test has been
transferred from one maintenance level to another.
It is not unusual for test tolerance, and certainly
test thoroughness, to be less at the organizational
level than at other levels of maintenance, particu-
larly where sub-assemblies may need calibration or
adjustment.
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2.6.3

Bui lt-In~Test (BIT)

Before determining how to evaluate and/or implement BIT, it is necessary
to determine the type of testability that is necessary and readily provided
for a particular type of equipment at all maintenance levels. Proper
implementation of BIT at the Organizational (O) level is just as dependent
on testability as are test techniques using ATE or test equipments at the
general support and depot levels. :

Maintenance testing at the organizational level should be accomplished
by use of BIT techniques supplemented where necessary by contact type

testers and should be a goal to provide maintenance test using BIT only.

The term BIT has been used in context to clarify a group of techniques
that are used for testing equipments at the organizational level. In
developing checklists for testability, these techniques will be considered
as part of an overall testability requirement.

From a cost standpoint, it is highly desirable that the fault isolation
group is a unity which ro};uires a minimum quantity of spares. However,
if the time taken to isolate to a small ambiguity group is excessive or
the additional BIT hardware overhead exceeds an economic or reliability
level, it may be appropriate to accept a higher fault isolation group.

In the past, a major objection to the incorporation of adequate BIT |
hardware was cost, both in terms of additional design cost and recurring
item cost. Recent studies have shown that the cost of adding BIT
techniques has been relatively modest in comparison to the life cycle
sparing and maintenance cost sov!ng', as identified below:
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2.6.4 'BIT' Quality :
2 :
If MTTR =K, t5 + Kyt * K3 tep K, ter then the testability ot organi-

; | zational level could be described as K, ) + K2 = BIT Quality.

K, is a complex factor which is a function of the Military Essentiality .

: Code MIL-STD 1388-2, the type of equipment and the type of technology
i employed. Presently, BIT is often driven purely by the Military Essential-

0

ity Code. For instance, in an aircraft the primary driver for BIT will be
2 the fact that flight safety has to be maintained and a malfunction of an
equipment essential to personnel safety has to be quickly recognized.

Whereas, in many cases, equipment failure may only partially impair
the ability of a weapon system to function, for instance, a defective |

channel in a multi-channel communication system.
The benefits expected to be realized by the addition of BIT are:

o Reduced maintenance skill levels : }
o Reduced maintenance man-hours

o Reduced MTTR

o Improved availability
o Reduced level of O-level test equipment

o Reduced maintenance life cycle cost

e o o

Penalties that might be expected are: 4

o Increase in acquisition-cost

el

o Decrease in MTBF
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() Increase in weight, power requirement and heat dfu!poﬁon
o increase in sub-assembly spares at organizational level

° Increase in canibalization at organizational level

Dopomiingon the type of equipment and its intended environment, all of
the above factors have to be taken into account,

BIT should be looked upon as a primary part of testability. The extent to
which BIT is implemented must be determined by the cost of incorporation
compared to the improved avat lability and the reduction of life cycle
maintenance costs. If equipment is designed to be testable, the cost of
BIT and maintenance will be reduced.

2,6.5 Poﬁonml/Monogemenf

The technical skills required to accomplish electronic system maintenance
are defined in the following manuals:

AR611-1-1 = " Manual of Commissioned Officer
Military Occupational Specialties

AR611-112 -  Manual of Warrant Officer
M:ilitary Occupational Specialties

AR611-201 -  Enlisted Military Occupational Specialties

The classifications and specialties defined therein provide for adequate
skill level definition and commensurate qualifications and initial training.

11=13




e 2.6.6

2.6.7

Some areas of personnel and shop management that shobld be considered

are:

Traini ng

Spoci’ulizod training is required to effect total system definitization. An
operation of fhi{fype requires that the test operator not only be familiar
with mature functional test setup, but provides him with the capability to .
analyze a faulty test setup.

Lack of this type of training diminishes the value of test programming by
extending the test time and too frequently rely on o random method to
offect a repair.

Random substitution causes good units to erroneously enter the repair cycle
and expends spares inventory at an excessive rate, thereby increasing

spares requirements.
General and Depot support levels should employ either continuous or frequent
training courses to provide and maintain highly skilled troubleshooting

technicians.

Cannibalization

A major identifiable problem with support below the Organizational level is
the cannibalization of one unit to repair another.

Most test programs, particularly those developed for use on Automatic Test
Equipment, are written to detect a single failure. If the test unit comes to
the General Support, Depot or Vendor with multiple failures induced by

substitution through cannibalization, the test time required to affect repair

is significantly increased.
-4
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2,6.8

Cannibalization is generally not “allowed, " therefore, no records of the
substitution activity or any description of the failure symptoms can be
quantified. i

An instance might be, ot the Organizational level, the crew of an opera-
tional weapon system will do all in its power to achieve o high percentage
of mission availability. This includes cannibalization and other normally
authorized work-arounds which contribute to problems at the other support
levels including:

o Cannibalization - resulting in multiple unit failures

and configuration anomalles.

o  Unauthorized repairs - resulting in damaged hardware

and configuration anomalies.

o Improper failure reporting - resulting in additional test

time to identify failures.

These problems can be controlled by sound rﬁonagemenf at the organiza-
tional level through training, quality assurance provisions and incentives
for following the rules.

Spares

The LSA identified system requirements by maintenance level and fre-
quency of use, for spares, repair parts, and consumables. Impacts upon
storage spaces, supply facl lities, equipment, personnel, and procedures
are evaluated for each support system approach under consideration.

Supply data resulting from the LSA include spares and repair parts provi-
sioning; consumption and usage rates; recommended allowances; supply
storage requirements; and Source, Maintenance and Recoverability coding.
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2,7

Th= military spares provisioning system is complex and costly to establish
and maintain and is very susceptible to problems if improper maintenance

activities are practiced. (Re: NASC; NAFI documentation)
There exists, therefore, a proper management of spares inventory in support
of the automatic test and repair activity that becomes a major factor contri- X

buting to a maintenance program's success.

TEST TOLERANCE

The preceding sections have delved into the philosophy of TPS testing,
however, the main driving factor is testability and test tolerances as

discussed below:

o It is imperative that test tolerances are organized so
that test requirement definitions are correlative at the

different support levels.

o }Figure 2-1 illustrates a classical tolerance cone that
defines the test tolerance build-up from basic design
tolerance through the various support levels to the

operating environment .

o The test tolerance element becomes most critical at .
the General Support and Depot Maintenance levels
where very complex systems using ATE may attribute
to long test times. Exemplary design for testability
and BIT hardware can be used to reduce the Mean i

oS-
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2.8

Time to Repair (MTTR) at these support levels
and consequently reduce the quantity of spares
and ATE required at the test site.

IDENTIFIABLE LEVELS OF REPAIR

2.8.1 Orﬂizaﬂonol

2.8.'.'

This level is responsible for maximum mission availability of o given

electronic suite with a minimum of time consuming diagnosis.

The generally accepted maintenance ‘activity specified at this level

is the replacement of a single Line Replaceable Unit (LRU) diagnosed
as faulty either through on-board-system-readiness tests, Built-In-Test
Equipment (BITE) or by contact type testers.

This level has been grossly neglected and offers many areas for improve-
ment in mission availability depending upon test access and mission

scenario.

On-Boord-Diognosﬂc-Test

These tests are normally designed to verify operational readiness by
exercising the critical system functional pcrameters either through
the Built=In-Test-Equipment (BITE) or a software program exercised
through a central computer or a combination of both,
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Failure indications may be displayed on individual LRU BITE indicators
or on a visual display, printer or storage medium, i.e., magnetic tape,
tied to the central computer diagnostic program.

A detailed review of the on-board-diagnostic-test capability will
invariably result in the conslusion that improvements can be made in
both diagnostic isolation and failure message reporting.

Diagnostic isolation can typically be improved to reduce failure
ambiguities and to extend the diagnostic isolation on critical para-
meters to a lower level of replacement. Reducing failure ambiguities
means that only the faulty unit must be'removed and replaced, ond

the good unit is not jeopardized by unnecessary removal, handling and

replacement. This procedure also allows for a minimum spares inventory.

Extending the diagnostic isolation capdbility allows for the repair of
the faulty unit ot the orgonizational unit by replacing faulty sub-

assemblies. This decreases higher level unit spare inventory and reduces

unit testing at the next maintenance level.

Failure message reporting is a valuable asset and can typically be
expanded to include troubleshooting information that will assist in pin-
pointing an otherwise ambiguous failure. The result is much the same

as improving the actual diagnostic software and results in fewer spores
and less handling of functional units, I'hereby reducing costs.
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2.8.1.2 Contact Test Equipment

e g e t—— .

In the event operational readiness cannot be verified through the on-
board-system-readiness test, portable contact type test equipment is
required to complete the readiness verification. This contact type

equipment can range from a simple oscilloscope, signal generator or .

meter to a complex piece of special purpose diggnostic test equipment.,

T T T T P

The decision to use this equipment or specify new equipments to augment
y " the operational readiness test depends on several factors.

o Operational safety or mission criticality (Primary)

o Reliability (Secondary)

o Contact Equipment Diagnostic Capability (Secondary)

o Contact Equipment Test Time (Secondary) . - ~1
The trade-offs required to determine whether contact test equipment
should be used in lieu of test at the General Support level have been

outlined in the checklist.

2.8.1.3 Performance Monitor/Test

Idealistically, all electronic systems would employ an operational
performance monitoring system which would provide the operator with

an evaluation of the system performance or any malfunction during

the operating mission.

e i
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28.1.4

2.8.1.5

Since the services have procured, at great expense, a multitude of test
systems, it is very probable that an existing Performance Monitor/Test
system can be improved or modified that will provide sufficient informa-
tion to allow for repair at the organizational level. This precludes the
need for an additional test ot the General Support level.

Foi lure Reporting

“ Orgonizational level tests are only valuable if they display and/or

record the evaluation data in proper form. Wherever possible, frouble-
shooting information should be included with the failure message. This,
of course, is not possible when the BITE flag is the only indication of
failure. However, when BITE is controlled by a central computer, it is
quite possible that additional diagnostic data can be made available for
display or recording that would greatly assist the technician in isolating
the failure. |

A detailed review of the operafional readiness software should be made
to determine cost effective improvements in failure message reporting.

Organizational Support Summary

Those major factors which affect Test Program Set Design have been
presented in narrative to assist in the general decision making process
to determine the need, cost effectiveness and fechnical requirements
for Test Program Sets at the Organizational Support Level.

The checklist in Figure 2.2 will address those organizational support
level questions affecting test program set development.




2.8.2 General Support Level

The first support level where off-line test and repair of faulty electronics
is conducted ~ the shop is typically, but not necessarily, located

a at an operational facility and provides "batch-test-processing” of elec-
‘ fronic units identified as faulty at the Organizational Level (i.e., .
replacement of a faulty LRU by BIT/BITE analysis).

The General Support facility normally provides test and repair facilities

3 for Line Replaceable Units (LRU's) involving removal and replacement of
Shop Replacedble Units (SRU's) and LRU retest and return to Organizational
j Level for spares stock. ’

Due to the normal proximity of the General Support to the Organizational
Level, it is common to depend on very short term turnaround repairs of
faulty units. Normalized general support and organizational supply

facilities are located at the same site.

Any trode-off that can reduce test complexity and test time that can be
effectively accomplished at the Orgonizational Level should ke done there.
Effective on=board-diagnostic-isolation testing will save countless hours

and dollars at the General Support Level.

It is not uncommon for the General Support Level to provide Shop Replace-
able Assembly (SRU) repair service. This makes the on-board performance
test even more critical since SRU testing is much simpler and faster than

PN I, yore N

LRU testing and would merely require a functional retest of the LRU after
SRU repair.
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2.8.2.1

2.8.2.2

Because of the diverse test requirements of this support level, the test
equipment, adapters and software programs are quite numerous, costly
ond complex. Anything that can be done to effectively reduce the
quantity and complexity ot the General Support Level efforts should be
considered.

The decision whether to repair a faulty unit ot the General Support Level
is discussed in this section. \

Test Equipment

The General Support facility should contain o large variety of test equip-
ment ranging from simple manual instruments through complex peculiar and

general purpose automatic test systems.’

Maximum use should be made of the general purpose ATE to minimize
manual operations and allow for consistency in test program format and

test language.
LRU/SRU Test

Most modern electronic system LRU's can and should be tested using a
General Purpose Automatic Test System. The present exceptions to this
are some RF systems either requiring extreme frequency and/or power
stlmulua/ineowrgment or extremely high speed digital systems requiring
dynamic test. Other exceptions are those LRU's that have very limited
test access or ATE incompatibilities.

These exceptions are typically suppc':rted by Peculiar Ground Support
Equipment (PGSE) furnished at the organic support facility by the
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2.8.2.3

electronic supplier or returned to the suppliers facility for repair or

replacement.

LRU diagnostic test programs are costly and complex to develop and
maintain. Every means to minimize the complexity and maximize the

test effectiveness must be considered.

The questions to consider in determining LRU test at the General Support

level are contained in the checklist Figure 2.2.

The decision of WHERE, WHEN, HOW and/or IF to test and repair a
SRA involves a myriad of complex trade-off factors. One might be that
it is neither economically feasible or necessary to test all SRA's in an
electronic system. When the decision is made for test and repair, that
responsibility is typically assigned to the Depot level or the SRA is
returned to the electronic equipment supplier for repair or replacement.
In many instances, it may possibly be more effective to repair some
SRA's at the General Support Level depending on the Depot work load

and/or the organizational support requirements.

Failure Reporting

Regardless of the equipment used for test and repair, it is mandatory
that complete and accurate descriptions of failures be recorded. Where
UUT fai lure messages contain ambiguous callouts, it is required that
either the failures be prioritized as to most likely or that troubleshocting

information be provided to assist the technicion in his repair.
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i‘ 2.8.2.4 General Support Summary

The primary responsibility of the General Support Level is to provide rapid
test and repair of LRU's and return them to the Organizational Level for

use as spares.

The most efficient method of achieving this is through the use of ATE.

Also, it is extremely important cannibalization be minimized at the

= Organizational Level in order to effectively accomplish rapid test and
repair at this level. Any cannibalization must be reported in detail in
order that real failures are enumerated to provide accurate maintenance
records.

| 2.8.3 Depot Level

Depot Level is the last opportunity to effect a test and repair of elec-
tronic equipment. For the purpose of this discussion, consider the
electronic eqdipmenf supplier as an extension of the military depot.
This premise is made because the supplier may be the only source of
proprietary components and/or may possess the only and/or most
efficient means of test and repair. :

 The major problem with Depot or Supplier support is the time required
to effect a repair. This, of course, dictates that the spare inventory at
both the General Support and Organizational levels be adequate to

allow for Depot replacement in order to achieve a reasonable operational
mission availability.

It is extremely important that the diagnostic testing done at the General
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2.8.3.1

28.3.2

2.8.3.3

and Organizational levels results in accurate failure isolation so that

"good" units are not cycled through the Depot pipeline.

Depot activities typically include the test and repair of LRU chassis back=
planes or wiring, SRU's on ATE and LRU's and SRU's requiring Peculiar
Ground- Support Equipment (PGSE).

The factors to consider in making the decision if and where to test and
repair are outlined in the checklist Figure 2.2,

ATE
At the General Support level, ATE should be used for test and repair as
much as possible to minimize test time and maximize test program compati-

bilities.

Ideally, the same ATE will be available at both the General Support and
Depot levels so that the test strategies will be direcily complimentary and

in the same test language.

Peculiar Ground Support Equipment (PGSE)

When PGSE is required due to special test requirements, it is highly
desirable that the test language be as similar to the general purpose ATE
language as possible. This allows for minimal special training of test
personnel and provides a thread of continuity in the TPS format.

LRU/SRU Test

The majority of test activity at Depot should be SRU test and repair.

However, some LRU test and repair will undoubtedly be required, either
11-26




?' due to General Support level work load or, that LRU test programs do not
test LRU chassis or backplane wiring.

In the case of General Support level overload, it is recommended that any
LRU test be done at Depot on the same ATE as at General Support. in the
case of LRU chassis test, it is suggested that an automatic continuity tester
such as DITMCO, FACT or DIGITRACE be used and not done on ATE,

2,8.3.4 Vendor Support

Test and repair at the vendors facility of some UUT's will always be required,
particularly for those SRA's that have a high MTBF but at a cost that prohibits
a throw-away classification.

When possible, vendor support requirements should be specifically defined
to specify a maximum turnaround time so that the General Support level

spares requirements can accurately be determined.

It is not technically required that the vendor support his repair activity with
ATE, but it is desirable from a cost and schedule standpoint. As a minimum,
the vendor test must be compatible with the military depot maintenance
philosophy to assure continuity in the maintenance support chain.

2.8.3.5 Depot SWG’X

Time is the essential element in the success of the depot support level.
Proper utilization of a mix of manual, automatic and peculiar testers such
that test backlogs are minimized is exfremely important.

Plece part spares should be overstocked. It is not mission effective to have
a system or vehicle unavailable for its mission for lack of a ten-cent
component . 11-27
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2.9

2,9.1

LEVEL OF REPAIR CHECKLIST

Level of Repair studies and decisions are a subset of the maintenance
concept plan, which itself is a part of Integrated Logistic Plan. The 4
maintenance concept determines the maintainability in design require-

ments to be imposed on the hardware engineers. It takes into account .
the operational requirements of the weapon systems and the skill levels

required at each level of maintenance. The level of repair decisions . 1
are used by the logistic ’supporf planners to determine spares, training

and maintenance facility requirements.

The goal of a Level of Repair Analysis is to assure required operational

availability of a system considering all life cycle costs.

st

The purpose of this checklist is to assist the procuring agency in deter-

mining the optimum level of automatic test and repair support for military

electronic systems.

This checklist assumes that some sort of Logistic Support Analysis (LSA),
in accordonce with MIL-STD-1388-1/2, has been accomplished.

Use of the checklist will, therefore, either conﬁrm.ﬁhe results of the LSA
or suggest alternative test support options.

Support Level

Data required in each of the support level sections is available from the
LSA conducted in accordance with MIL-STD-1388. If no LSA was
accomplished, UUT analysis should ‘be conducted to assure that the
minimum data is available.




Orgmizaﬁonal

Automatic Test defines the method, if any, by which
a failure is detected automatically on-board.

Contact Test Defines the method, if any, by which
a failure is detected through the use of portable,

plug=in type equipment.

Failure Data Reporting should be in a format that
when o failure is reported for both functional and diag-
nostic test, it provides the next support level with suffi-

cient data to consistently duplicate the indicated failure.

Diagnostic Isolation provides for a percentage estimate
of all testing done at the organizational level. For an
LRU within a subsystem, "Does the automatic and/or
contact test equipment isolate to a single LRU 100%
of the time?" Or, if isolation is attempted to the SRU
ievel, "What percentage of SRU's are unambiguously
detected ?"

The quantity of available spares should be such that
those failures that are detected at the organizational

level can be replaced by functional units from stock.

Cannibalization should be strictly prohibited.

11=29
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b)

General Support

The level of repair at the General level of maintenance
will include the subsystem, LRU, SRU or actual test
equipment maintenance and repair. To satisfy the non-
ambiguity requirements of the testability specification,
the electronic design must be functionally partitioned

to allow for a specified degree‘ of unambiguous isolation.
Failure tolerances, both for funcﬁmal failures and
degraded performance isolation, will be somewhat more
stringent than that at the Operational level. All cases
of failure at the operational or test connector interfaces
shall be detectable. It shall be a general requirement
that all LRU's be capable of testing at the General Level
of maintenance without the need for stimulation by another

WRA or special test device.

When performing LRU fault isolation, the minimum accept-
able requirement for non-ambiguous SRU isolation is as

follows:

1) In at least 90% of the cases of probable
malfunction of an SRU, the fault shall be
isolated to a specific SRU.

2) In 95%, or more, of the cases of probéble
malfunctions of an SRU, the fault shall be
isolated to that SRU and no more than one
other SRU.
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3) in all cases of probable malfunction of
an SRU, the fault shall be isolated to that
SRU and no more than two other SRU's.

To demonstrate the acceptability of the equipment and test
program to satisfy the desired non-ambiguity requirements,
a calculation of a figure-of-merit (i.e., pass/fail criteria)

will be determined in accordance with the formula

Failure Messages
FOM = Containing (N) or less SRU's

Total Failyre Messages

X 100

where lfo3

A similar formula will be utilized for component isolation of
a particular SRU, where the diagnostics will un-ambiguously
fault isolate to

1) 3 or less components for 80% of the possible
faults, and

2) 5 or less components for 90% of the possible
faults, and

3) 8 or less components for 100% of the possible
faults.

Failures due to power, clock and single source bussed signals
will not be included within the non-ambiguity calculations.

A thorough analysis of the <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>