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TEST PROGRAM SET ~~~ DESIGN GUIDE -

f 

_ _ _ _
FOREWORD

This document prepared for the United States Army Electronics Command, —

Fort Monmouth, New Jersey, und.r Contract DAA BO7-77-C-2727 is
Intended to serve as an aid In developing definitive Test Program Sets (TPS’s).

Th• ob~.ctIvss of th. design guide ar. to support specific basic param.t.rs -
•

for mission vehicl, operational readiness through the d.v.Iopm.nt of
effective, efficient and economical methods of mechanizing the tools

- • required for supporting and repairing electronic components. -
-

- Dynamic Sciences International, Inc. (DSII) has reviewed a significant data
bas., established by the miUtary and industTy, and has arrived at th, con-
cluslons contained in this report.

- The Intent of this átudy is to identify cost drivers and areas- of responsibility
that will provIde the Army with a basis for TPS development. This develop-

- mint will lend itself towards cost effective measures that will enhance system
- 

. 
effectiveness.
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SECTION I .

1.0 INTRODUCTION

1.1 PURPOSE

I ThIs Design Guide has bun prepared to provide consistent and uniform

f rsqulr.m.nts and guidelines far planning and specifying Test Program Sets

I 

- 
. ‘S’s) for Units Under Test (UUT’s). The Design Guide will also provide

- both design and evaluation criteria to ensure acquisition of Eompl.te

- and uniform TPS’s. Mditionally, it covers the prime drivers needed to
implement the development of TPS ’s. ‘Contained in this guide are:

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

b. Planning the development of TPS ’s for the purpose of
- understanding and applying developed information in

the preparation of TPS ’s. - -

c. Evaluation of TPS ’s development planning and imple-

- mentafion during the design and generation of TPS’s.

- 
d. Evaluation accessment of TPS’s to ensure acquisition

and/or development of complete and uniform products.

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

-
‘ 

r.qulr.m.nts at th. following Level of Repairs (LOR’s):

- 
‘ a. Organizational

I—i

______ 
____ 

-
- 

- - - 
~~~

- -
~~—
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b. General Support ‘

c. Depot

d. Manufacturer (Vendor)

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

following:

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

b. Providing the tools needed to make the SYSTEM work.

c. Providing concepts applicable to improving the TPS’s

system requirements.

d. Describing the effects of implementation of a TPS
design guide in terms of capitalization of e~cisting
personnel and organizational method of operation.

The foregoing (a. througi~ 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:

a. Planning TPS’s

b. Preparing specifications for TPS’s 
-

c. Providing engineering guides for the preparation of TPS’s

d. Providing engineering guides for the accessment of TPS’s

_  

1-2 
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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 cetegcries of titled structure.

1.2. 1 Specific Contractual Requirements

The guide has been developed in comphance with the following contractual
tern:~~

a. Support concepts, automatic test design considerations,

- test program set design, kiterface 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 ~n both UUT’s and ATE’s) and the
changing needs for ATE has been projected from the
present through five (5) year increments through 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.



1.2.2 The Development Phases

1 .2.2.1 Phase I — Consists of a thorough research and perusal of all avai lable

documentation, inc luding papers, reports, specifications, standards, etc .

Phase l 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 and discussions appears throughout the guide. -

1 .2.2.2 Phase 2 — Consists of the developmeht 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.

1 .2.2.3 Phase 3 - Consists of mechanizing the information and formats established

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

1 .2.3 The Planning Categories -

The preceding establishes the planning checklist categories of the guide
-- 

- as follows:

1. Support Level

2. Testabi lity/Bul It—In—Test

3. AlE Factors
- 

4. UUT Data Definition

5. Design Review Requirements

1-4
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—

“Configuration Management ” Is addressed throughout the entire text, and
- specifically in Section XI. 

-

1.3 ASSUMPTIONS

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

a. That the guide Will be used by .ngln.ers and

- 

managers who understand th. strlngsnt require-
ments of TPS d.velopmsnt.

- b. That onlyapartlallmplbmentaflon of the gulde
will be used on certain occasions.

F 
-

4
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SECTION I l -

2.0 LEVEL OF REPAIR -

2.1 SCOPE -

This sectIon deals with the first system leve l element requiring test
definition and/or trade study to determine the proper level at which
the UnIt Under Test ((JUT) should be supported and what diagnostic!
isolation criteria may be expected. The product of this section iso
checklist which will Identify the level of support based on the UUT’s -

abflity to be tested and the required or avai lable test equipment.

— 

2.2 GENERA L -

Ideally, an electronic system could be designed to diagnose 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 problems these two repair levels cause.

Realistically, this approach exists only on rare Occasions. Unti l electronic

systems are tru ly d signed for testability and present untestable systáms
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 d.p.ndent on a myriad of complex technical and cost factors.

- - Il—i 
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The following discussion is provided to give insight into those factors which

allow a procurement agency to specify the proper leve l of support and test

isolation criteria for a gh’en electronic system and its sub—assemblies. —

Discussions in this section assume that (a) some testability design require-

meats were 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-

pUshed, this section provides insight into a stand-alone determination of

the leve l of repair assignment along with a brief accessment of the testa-

bi lity of the UUT that should be required.

2.3 REFERENCE DOCUMENTS

The following documents were utilized as reference material - pertinent to

this section.

Mi litary :

Ml -1-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 Equi pments

-~ 
- monitored by Shipboard On-Line

Automatic Test. Equipment

NAV MAT INST - Built-In-Test (BIT) Design Guide
3960.9 Enclosure Ill doted 9 September 1978 

- - 
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Other Publications:

AR INC Pub. 562-01-1-866 - Guide to the Application
of Built—In—Test

2.4 LEVEL OF REPAI,VIESTABILITY CONCEPT

A summary checklist of the major Logistic and Testability factors that
determine the UUT Level of Repair are provided. This is accomplished
by summari zing the Logistic Support Analysis data and combining this
with an accessment of the OUT’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 o single faulty Un. Replaceable UnIt (LRU). Remove
and replace the LRU and retest system to verify proper
operation.

o General/Intermediate 
-
- Diagnostic test of the IRU to

isolate to a faulty Shop Replaceable Unit (SRU).
Remove and replace the SRU and retest the LRU to
verify proper operation. 

-

o Depot - Diagnostic test of the SRU to solate to the
faulty component(s). Remove and replace components
and retest the SRU to veilfy proper operation.

Concurrent with the above, other support requIrements that directly affect

“ -3
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I.
and influence Maintainability and Reliabili ty characteristics of electronic

design and are major Inputs to the LOR are:

o Number of sites anticipated

- o Number of operating hours of the MISSION VEHICLE

o Number of MISSION VEHICLES to be activated

o Skill levels required at each echelon

o Quality and avai lability of component parts

Decisions based upon the resu lts of the LOR and LSA programs, for any
- - given piece of electronic hardware, directl y 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 detai led Logistic Support Anal ysis

(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 leve l of repair is discussed in detai l

as it applies to testing of electronic equipment.
4

2.5 RELIABILITY AND MA INTAINABILITY

In order to properly assess the Imp lications of this guide to TPS develop—

ment, a cursory description of Reliabi lity (R) and Maintainabi lity (M)

practices is provided.
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2.5.1 Reliabili ty (R)

Reliability Is an important characteristic of mi litary electronIc equipment,
and all Factors afFecting reliability are carefully evaluated in trod.-off
analysis beginning in the early design phases and continuing throu~~ the
manufacturing phases. Primary requirements should be set to assure fbi

achievement of the required reliability leve ls, for any specified equip-

f 
ment6), In the inost cost effective manner possible. A Reliability PPo~um

should be instituted for the positive control of parts and materials, reli-
ability test and evaluation, and th. analysis and correction of failure.
and design deficiencies.

2.5.2 MaintainabIlity (M)

The prime purpose of any Maintainability Program is to descr ibe the
management controls and procedures that will be followed by the contractor

and any subcontractor to ensure the highest possible degree of maintain-

abi lity, consisten t wIth operational requirements and support capabilities.

The major task of Influencing desi gn regarding M requirements is accom-
pUshed 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, accessmenls and guidance can
be provided in areas where MIs affect .d . 

- 

-

Because of the Interaction and trade-off poten tials between Reliabili ty
and MaintainabilIty, close coordination between the two functions must
ixist . The Reliabili ty activities provide progressively detailed future
prediction rates bas.d on design progress and baseline changes. This data

11—5
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will be used by Maintainabi lity for determination of M parnmeters.

Simi lari ly, Maintainab ility will keep the Reliabi lity 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

ini tiated . -

A properly constructed M program addresses itself additi onally to factors

other than inherent design reliabili ty and confi gurati on . 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 Mainta inabi lity
parameters as specified in military specifica—

lions.

o Equi pment compatibi lity with anti cipated -

Automatic Test Equipmenf.

o Bui lt—In—Test used to isolate any SRU to

withi n a speci fi ed confidence factor with

a prescri bed Tum-Azound-Tlme.

2.6 MISSION VEHICLE AVAILABILITY

Mission essentiality is the prime requirement in any milItary scenario.

Mission essential equipment is specified for the various types of Miss ion

Vehicle applications. In many ins~ancps, specifIc missions may be

11-6
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conducted wDh limited or partially working systems. However, the
ultImote~desirabf lily is that all systems be operable. Factors influencing
Mission Vehicle availability are:

- 
o Reliabi lity of the system or its sub-systems.

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

-

The ability to readi ly remove and replace the 
-

faul ty 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 I ve l, and that any movement
between maintenance levels be conducted

• expeditiously. -

The military measure of determining availabi lity of a deployed system
is expressed as Mean-TIme-Between-Failure (MTBF) and Mean-lime-
To—Repair (MTTR) in the Following equatIon:

MTBF
Availabllity _ _ _ _ _ _ _ _ _ _  

-

MTBF + MTTR

- MTBF is the Mean Time Between FaIlures
- - MTTR k the. Mean Time To Repair

11-7
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I.
Althoug h there isa general belief that each of these fact ors , O.e., MTBF/

MTTR),. are definitive in theory , they are not as clearly defined in practice.

Determining exactly when an equipment has fa iled is difficult to determine.

This is particu larl y true where today’s systems have been reduntant ly designed

or hove the capacity to operate in a degraded mode. -

a

A brief dissertation on how MTBF and MTTR affect this desi gn gui de follows :

2.6.1 Mean Time Between Failure (MTBF)

Micro-electronic technology has advanced wherein the cost , weight and
- 
- power of a gi ven syste m function has decl ined , systems have became more

and more complex . Because the number of acti ve elements for a given system

has increased dramati call y, MTBF ’s have tended to become lower , even wit h

improvements in devi ce reliabili ty.

Various techni ques inc lucil ng redundancy are widel y used to improve the

situation. Predicated on our ana lysis , one must accept that with highly

comp lex systems , the effect of MTBF on avai labili ty is statisti call y limi ting

and that improvements to MTTR, as out lined below , usually provide the most

cost effective solutions to availability problems.

2.6.2 Mean Time To Repair (MTTR)

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

Improve it , the effects of the various elements must be dentified and under-

stood so that the proper life cycle cost analysis can be made for each main-

tehance level, MTTR may be generally descri bed as follows:
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MTTR = Kl t
D
+K

2 tl +K 3 tRR +K
4 tC 

-

where K1 tD 
is the time taken to detect a malfunction

of the electronic unit. 
-

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

isolation group. -

is the time taken to remove cmd replace the

fau lty elements.

K4 t~ is the ti me taken to confirm that the repai r acti on

was successful.

o K 1 tD Time Taken to Detect Failure

Essential where safety or mi ssi on success requi res
a nàed to know rapidly that on 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 allowe d that the primary r.quire-
ment exc lude other testability requirements.

o K2 t1 Time Taken to Isolate a FaIlur.

The time taken to iso late 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 incorpo at.d.

11-9

~

- - - - - -
~~~~~~~~~~~~



- 

~~~~ 
—

~

—-- - - - --- - - - 

~~~~~~~~~~~~~~~~~~~~~ 
— -

-

-• — — — - — -— —-~ •- - ____ •__ ‘__ -_‘_.

~~

—-i 

~‘

~~~~~

• I
o K3 t RR Time Taken to Remove and Rep lace Faulty

Element

Ideally, a malfuncti on will result in the identi fica—

tion of a fault isolation group of a s ing le element
of a major assemb ly. Without an adequate design
for testability, this may not occur. It can be readi ly
appreciated that adequate fault isolation wi ll reduce

[ 
the number of assemblies to be spared, and the time
taken to replace a sing le element will be less than
for a group .

The malor requi rement is that the equipment should
be designed for ease of remova l and rep lacement of
all identi f iable ~y the fault isolation group) sub—
assemblies.

o 1(4 t~ Time Taken to Confi rm that the Maintenance
- Action was Succesth ’I -

This element is important at all maintenance levels ,
but parti cularl y where the unH under test has been
transferred from one maintenance level to another .
It is not unusua l for test tolerance , and certainly
test thoroughness , to be less at the organizational
leve l than at other levels of maintenance , particu-
larly where sub-assemblies may need cal ibrati on or 

~ 
•1

• adjustment.
. 

1
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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

- imp lementation of BIT at the Organizational (0) leve l 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 acáomplish.d
( 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 equip ments at the organizational level. In

developing checklists for testab i lity, these techni ques wi ll be considered
j as part of an overall testabiUty requirement.

From a cost standpoint, it is highly desirable that the fault isolation

grou p is a unity which requi res a minimum quantity of spares . However,
if the time taken to isolate to a small ambiguity group is excessi ve or

• • the addItional BIT hardware overhead exceeds an economic or reliobflity
leve l, it may be appropriate to accept a higher fault isolation group.

In the past, a major abjection to the incorporation of adequate BIT

hardware was cost, both In terms of add itional design cost and recurring
- item cost . Recent studi es have show n that the cost of adding BIT

techniques has been relati vely modest in comparison to the life cycle
sparing and maintenance cost saving, as IdentIfied below:

I l— li • 
• 
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2.6.4 ‘BIT’ QualIty •

If MTTR = K 1 tD + K2 t 1 
+ K3 tRR 

+ K4 t~, then the testability at argani-

zationo l leve l cou ld be described as K 1 tD + K2 t 1 
= BIT Quality.

K 1 is a - comp lex factor which is a function of the Mi litary Essentiali ty

~ i Code MlL-STD 1388-2, the type of equipment qnd the type of technology

employed . Presently, BIT is often driven pure ly by the Military Essenti al-

ity Code . For instance , in an aircraft the primary dri ver for BIT will be

the fact that flig ht safety has to be maintained and a malfunction of an

equipment essenti al to personnel safety has to be qui ckl y recognized .

Whereas , in many cases , equip ment fai lure may only partia lly impair

the abi lity of a weapon syste m to function , for instance , a defective

channel in a multi —channel communicati on syste m .

The benefi ts expec ted to be reailzeci by the addition of BIT are:

o Reduced maintenance skill levels -

a Reduced maintenance man—hours

o Reduced MTTR

o Improved avai labili ty

o Reduced leve l of 0—leve l test equi pment

o Reduced maintenance life cycle cos t

Penalti es that might be expected are:

o Increase in acqui sit i on cost

o Decrease in MTBF

11— 12
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o Increase in weight, power requirement and heat dissipation

o Increase in sub—usi.nthly spa.es at organizational level

o Increas. in conibolization at organizational level

Depending on th. 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 e*t nt to
which BIT is Implemented must be determined by the cost of Isico poicflon
compare d to the improved availability and th. 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 Personnel/Management

The technical skills required to accomplish electronic system maIntenance
are defined in the fol lowing manuals: -

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

AR611-112 - Manual of Warrant Officer
• Military Occupational Specialties

AR61 1-201 - Enlisted Military Occupational Specialties

The classifications and specialties defined therein provide for adequate
skill level definition and commensurate qualificatIons and initial train ing.

r
11—13
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Same areas of personnel and shop management that should be considered •

are:

2.6.6 Training
I -

Specia lized train ing is required to effect total system definitf zation. An

operation of tht~type requires that the test operator not only be familiar
with mature functional test setup, but provides him with the capabili ty to

analyze a faulty test setup.

Lack of this type of training diminis hes the value of test programming by

extending the test time and too frequent ly rely on a random method to

affect a repair.

Random substitut ion causes good units to erroneously enter the repair cyc le

and expends spares invento ry at an excessi ve rote , thereb y increasing

spares requirements.

General and Depot support levels sho uld emp loy either continuous or frequent

training courses to provide and maintai n highly skilled troubleshooting

technici ans .

2.6.7 CannibalizatIon

A major identifiable problem with support below the Organizational leve l is

the cannibalization of one unit to repair another.

• Most test programs, particularly those developed for use on Automatic Te,t

Equipment, are written to detect a single fai lure. If th. test uni t comes to

the General Support , Depot or Vendor with multlpl. failures induced by

substitution through cannibalization, the test tIme requIred to affect repair

is significantl y Increased.
11—14
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Cannibalization is generally not “allowed,” therefore, no recoids of the
substitutian activity or any description of the failure symptoms can be
quantified. 

-

An Instance might be, at the Organizational level, the crew of an opera-
tional weapon system will do all In Its power to achieve a high percentage -;

of miss ion avai labI lit y. This Includes cannibalization and other normally
authorized work-arounds which contribute to problems at the other support
leve ls Including:

o Cannibalization - resulting In multi ple unit fai lures -

- and configuration anomalies.

o Unauthorized repairs - resulting in damaged hardware
and configuration anomalies.

o Improper failure reporting — resulti ng in additional test
time to identi fy failures .

These problems can be controlled by sound management at the organiza-
tional level through training, qua lity assurance provisions and incenti ves

• 

- far foll ow ng the rules . -

2.6.8 
~E!!!

The ISA identified system requirements by maintenance level and fre-

quency of us., for spores, repair parts, and consumables . Impacts upon
storage spaces, supply facilities, equipment, personnel, and procedures
are evaluated for each support system approach under consideration.
Supply data resulting from the LSA include spores and repair parts provl-
sloning; consumption and usage rates; recommended allowances; supply
storage requIrements; and Source, Maintenance and Recoverability coding.
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Th military spares provisioning system is comp lex and cost ly to establish

and maintai n and is very susceptible to problems if improper maintenance

activities are practiced . (Re: NASC; NAFI documenta ti on)

Therf exists, therefore, a proper management of spares inventory in support

of the-automatic test and repair activi ty that becomes a major factor contri-

buting to a maintenance program’s success.

2.7 TEST TOLERANCE

The preceding sections have delved into the philosophy of TPS testing,

• however , the mai n driving factor is testabili ty and test tolerances as

discussed below:

o It Is imperati ve that test tolerances are organi zed so

that test requirement defi nitions are correlative at the

different support levels.

o Figure 2-1 Illustrates a classical tolerance cone that

defines the test tolerance bui ld-up from basi c design

tolerance through the various support levels to the

operating env ironment.

o The test tolerance element becomes most critical at

the General Support and Depot Maintenance levels -

where very comp lex systems usi ng ATE may attribute

to long test times. Exemp lary desi gn for testabi lity
- - - and BIT hardware can be used to reduce the Mean

11-16
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Time to Repair (MTTR) at these support levels -

• and consequently reduce the quanti ty of spares
and ATE required at the test site .

2.8 IDENTIFIABLE LEVELS OF REPAIR

2.8.1 Organizational

This level is responsible for maximum mission avaIlability of a given
electroni c suite with a mini mum of time consuming diagnosIs.

The generally accepte d maintenance actlvl ty specified at this level
is the rep lacement ~ a sing le Une Replaceable Unit (l.RU) diagnosed
as faulty either through on-board-system-readiness tests, Built-In-Test
Equi pment (BITE) or by contact type testers.

This level has been grossly neg lected and offers many areas for improve-
ment In missi on avallthflity depending upon test access and mission
scenario. - 

-

2.8.1.1 On—Board-DIagnostic—Test

These tes~s are normally designed to verify operational readiness by
exercising the critica l system functi ona l parameters either through
the Built-ln-Test-Equ pment (BITE) or a software progrom exercised
through a central computer or a cambi nation of both .

11—18
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Failure Indications may be displayed on individual LRU BIT E Indicators

or on a visual display, printer or storage medium, 1..., magnetic tepe,

t ied to the centra l computer diagnostic program.

A detai led review of the on-board-diagnostic-test capability will-
- . invariably result In the conslusion that Improvements can be made In

both diagnostic Isola tion and failure message reporting.

Diagnostic isolation con typically be Improved to reduce foflur.
ambiguities and to extend the diagnostic Isolation an critical pare-
meters to a lower level of replacement. Reducing fai lure ambiguities 

•

means that only the faulty unit must be removed and replaced, and
the good unit is not jeopardized by unnecessary removal, handling and

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

Extending the diagnostic solation capabi lity allows for the repair of
the faul ty unit at the organizational 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 typ cally be

• expanded to include troubleshooting information that will assist in pin-

pointi ng an otherwise ambiguous fai lure. The result Is much the same

as improving the actual diagnostic software and results in fewer spares

and less handling of functional units, thereby reducing costs. 
- 

-
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2.8.1.2 Contact Test Equi pment -

In the event operational readiness cannot be verified through the on-

board-system-readiness test, portable contact type test equipmen t Is

required to comp lete the readiness verification . This contact type

equipment can range from a simple oscilloscope, signal generator or

meter to a comp lex piece of special purpose diqgnostic test equi pment. -:

The decision to use this equi pment or speci fy new equipments to augment
the operational readi ness test depends on several factors . -

o Operational safety or mIss ion crit icali ty (Rimary)

o Reliability (Secondary ) -

o Contact Equipment Diagnostic Capabili ty (Secondary )

o Contact Equipment Test Time (Secondary) -

The trade-offs required to deter mine whether contact test equi pment

should be used in lieu of test at the General Support leve l hove been

outilned in the checklist .

2.8. 1.3 Performance Monitor /lest

Idealist i call y, all electronic syste ms would employ an operational

performance monitori ng system which would provide the operator with

an evaluation of the system performance or any malfunction during

the operating mIssion.
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Since the services have procured, at great expense, a multltudi of test
systems, It s very probable that an existing Performance Monitor/lest
system can be improved or modified that will provide sufficient Informa-
Hon to allow for repair at the organizational level. This precludes the
need for an additional test at the General Support level.

2.8J.4 Failur.Reporfing

Organizational level tests are only valuable if they display and/or
r cord the evaluation data In proper form . Wherever possible, trouble-
shoo ting 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 poss ible that additional diagnostic data can be made availabl, for
disp lay or recording that would greatly assIst the technician in isolat ing
the fai lure .

A detai led revi ew of the operational readiness software should be made
to determine cost effecti ve improvements In -fai lure messagó reporting.

2.8.1.5 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 effecti veness and technIcal requlr.ments

for Test Program Sets at the Organizational Support Level.

The ~heckIIst in FIgure 2.2 will address those organizational support
level questions affecting test program set development .
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2.8.2 General Support Level -

The first support leve l where off-line test and repair of faulty electronics
Is conducted - the shop is typ ical ly, but not necessari ly, located

at an operational foci lity and provides °batch-test -processing ” of elec-

tronic units identi f ied as faul ty at the Organizationa l Level (i.e.,

rep lacement of a faul ty LRU by BIT/BITE analys is).

The General Support faci lity normally provides test and repair facilities

for Une Replaceable Units (LRU’s) Involving removal and replacement of —

Shop Replaceable Units (SRU’s) and LRU retest and return to Organizational —

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 organiza tional supp ly

facilities are located at the same site .

Any trade—off that can reduce test comp lexity and test time that can be

effective ly accomp lished at the Organizational Level should be done there.

Effective on-board-diagnostic-isolation testing will save countless hours

and do llars at the General Support Level.

It is not uncommon for the General Support Level to provide Shop Replace—

able Assembly (SRU) repai r service. Thi s makes the on-board performance

test even more cri tical since SRU testing is much simp ler and faster than

LRU testing and wou ld mere ly require a functi onal retest of the LRU after

SRU repair.
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Because of the diverse test requirements of this support level , the test

equipment, adapters and software programs are quite numerous, costly
and complex. Anything that can be done to effectivel y reduce the
quantit y and complexity at the General Support Level efforts should be
considered. -

- 
The decision whether to repair a faulty unit at the General Support Level

• is disc issed ln this sect lon. -

2.8.2.1 Test Equipment -

The General Support facili ty should côntaIn a large vari ety of test equi p-
ment ranging from simp le manual instruments through comp lex peculiar and
general purpose automatic test systems . -

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

: 1 test language .

2.8.2.2 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 exfreme frequency and/or power
st imut .Wmeasurement or extremel y high speed digita l systems requiring

• dynamic test. Other exceptions are those LRU’s that have very limi ted
test access or ATE Incompatibilities.

These exceptions are typicall y supported by Peculiar Ground Support
Equi pment (PGSE) furnished at the organic support faci lIty by the

11—23
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electronic supplier or returned to the supp liers faci lity for repair or

rep lacement.

LRU diagnost ic test programs are cost l y and complex to develop and

maintain. Every means to mini mize the com plexi ty and maxi mi ze the

test eff ecti venes s must be considered .

The questi ons to consider in determining LRU test at the General Support

leve l are contained in the checklist Figure 2.2.

The decision of WHERE , WHEN, HOW and/or IF to test and repair a

SRA invo lves a myriad of comp lex trade-off fact ors . One might be that

it is nei ther economical ly feasi ble or necessary to test all SRks in on

elect ronic system . When the decision is made for test and repair , that

- 

— responsibility is typ icall y assigned to the Depot level or the SRA is

returned to the electronic equipment supp lier for repair or rep lacement.

V In many instances, it may possi bl y be more effective to repair some

SRA’s at the Genera l Support Leve l depending on the Depot work load

and/or the organizational support requi rements . -

2.8.2.3 Failure Reporting

Regardless of the equipment used for test and repair, it is mandatory

that comp lete and accurate descri ptions of fai lures be recorded. Where

UUT failure messages contain ambiguous callouts , it s required that

eit her the failures be prioritized as to most likel y or that troub leshoot ing

informati on be provi ded to assist the technician in his repair.

l I—24
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2.8.2.4 General Support Summary -

The primary responsibility of the General Support Level is to provide rapid - :
test and repai r 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 lest and
repair at thIs level. ~~~ 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 equipment supplier as an extension of the miIit~ y depot.
This premise is mode 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 diagaostlc testing done at the General

- Il—25 H
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and Organizational levels results in accurate failure isolation so that

“good” units are not cycled through the Depot pipeline.

Depot activities typ ical ly inc lude the test and repair of LRU chassis back-

planes or wiri ng, SRU ’s on ATE and LRU ’s and SRU’s requiring Peculiar
Ground-Support Equipment (POSE).

The factors to consider in making the decision if and where to test and

repair are outlined in the checklist FIgure 2.2.

2.8.3.1 ATE

At the General Support level, ATE should be used for test and repair as
much as possible to minimize test ti me and maximize test program compat i-
bi lities .

Ideall y, the same ATE will be available at both the General Support and

Depot levels so that the test strategies will be dlrecc ly complimentary and

in the same test language. - 
-

2.8 .3.2 PecuUar Ground Support Equipment (POSE)

When PGSE is required due to special test requirements, it is highly
desira ble that the test language be as simi lar to the general purpose ATE

language as possible . This allows for minimal special training of test

personnel and provides a thread of continui ty in the TPS format .

2.8.3.3 LRU/SRU Test

The majori ty of test acti vity at Depot should be SRU test and repair.

However , some LRU test and repair will undoubtedly be required, eIther
11-26
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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, FACl or DlGllRACE 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,
pdrtfcularly for those SRA ’s that have ~i high MTBF but at a cost that prohibits
a throw-away classification.

When possible, vendor support requirements should be specifi call y defined
to specify a max mum turnaround time so that the General Support level
spares requirements can accurately be determined.

It is not technically required that the vendor support his rej alr activity with
ATE, but it Is desirable from a cost and schedule standpoint. As a minimum ,
the vendor test must be compatible with the milita ry depot maintenance
philosophy to assure continui ty In the maintenance support chain.

— - 2.8.3.5 Depot Summary

Time s the essential element in the success of the depot support level .
A-oper utilization of a mix of manual , automatic and peculiar testers such
that test backlogs are minimized is extremely impo rtant .

Piece part spares should be overstocked. It Is not mission effectiv, 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 LEVEL OF REPAIR CHECKLIST -

Level of Repair studies and dec isions are a subset of the maintenance

• concept plan, whi ch itself is a part of Integrated Logisti c Plan. The

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 skil l levels

required at each leve l of maintenance. - The level of repair decisions

are used by the logistic support planners to determine spares, training

and maintenance faci lity requi rements.

The goal of a Level of Repair Analysit is to assure required operational -

avatlabflity of a system considering all life cycle costs.

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

mining the optimum level of automatic test and repai r support for mi litary

electronic systems .

This checklist assumes that some sort of Logistic Support Analysis (LSA),

in accordance with MIL—STD—1388—1/2 , has been accom plished .

Use of the checklist will, therefore, either confirm the results of the LSA

or suggest alternat ive test support opti ons .

2.9.1 Support Level

Data required in each of the support leve l sections Is avail able from the

LSA conduc ted in accordance with MIL-STD-1388. If no LSA was

accompflshed, UUT analysis should be conducted to assure that the

minlmum data is avai lth le.

-~~~~- - - ~~~~~~~~~~~~~ - ‘--- 
TT~~~ -~~~~~~~~~ : _ .~~~~~~~
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a. Organizational -

Automatic Test defines the method, If any, by which
a fai lure is detected automatically on-board.

Contact Test Defines the method , if any, by whi ch
a fai lure is detected through the use of portable,

plug-i n type equipment. -

Fai lure Data Reporting should be in a format that

when a fai lure is reported for both funct ional and diag-
nosti c test , it provides the nex t supp ort leve l with suff i-
cient data to consistent ly dup licate 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 IRU 100%
of the time?” Or, if isolation is attempted to the SRU
leve l , “What percentage of SRU’s are unambiguously

The quanti ty of avai lable spares should be such that
those fai lures that are detected at the organ izational

• level can be replaced by functiona l unIts from stock.

• Cannibalization should be strictl y prohibited.

I —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 sati sfy the non-
ambiguity requirements of the testability specification,
the electronic desi gn must be functionall y partitioned
to allow for a specified degree of unambiguous Isolation.
Fai lure tolerances , both far functional fai lures and
degraded performance isolation, will be somewhat more

stringen t than that at the Operat iona l level. All cases
of fai lure at the operational or test connector interfaces
shall be detectable . It shall be a general requi rement
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 devi ce. -

When performing LRU fault isolat i on, the minimum accept-
able require ment for non-ambiguous SRU Isolati on is as
fo llows :

1) In at least 90% of the cases of probable
malfunction of an SRU, the fault shall be
iso lated to a speci fi c SRU U

2) In 95%, or more , of the cases of probable
malfun ctions of an SRU, the fault shall be
Iso lated to that SRU and no more than one

other SRU.

11—30
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3) In all cases of probable malfunction of
an SRU, the fault shall be solated 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-ambi guity requIrements ,
a calculation of a figure-of-mer it (I.e., pas~’fall criteria)
wi ll be determined in accordance with the formula

Fai lure Messages -

FOM = 
Containing (N) or less SRU’s 

x 100
Tota l Fai lure Messages

where 1~~~N~ C . 3

A simi lar formula will be uti lized for component isolation of
a particu lar SRU, where the diag nosti cs will un-ambi guous ly
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
fau lts , and

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

Failures due to power, clock and single source bussed signa ls
will not be Included within the non-ambiguity calculati ons.

A thorough analysis of the test program Is required to establish
the expected non-ambiguity values In the field environment.
The method of calculation, using a diagnostic message count

11—3 1
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as the criteria for the FOM, may be the most reasonable

approach. However, the results can be effected or
biased by:

1) Unnecessary repetitious and redundant

testing.

2) Non—comprehensive functional testing
(I.e., missing tests).

3) Combi nationa l and iterative testin g of

logi c circuits in all possi ble bit patterns .

4) P~ogramming structure (i.e., independent
tests versus -combinational tests to achieve

same resu lts).

5) Intentional or unintentional use of excessive
probing tests . 

-

The full intention of a figure—of—meri t is to provide a level

of confidence in the test design and test program to provide
for a high degree of readiness.

Spares allocation wfll be a function of the mai ntainabi lity
analysis, FMEA and the percentage of real isolation messages

attributed to the particular module. Spores availability should

be such that the MTTR can be met . A simi lar spares provision—

ing, for piece part components, should be established for proper
-

- 

support of SRU repair.
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c) Depot/Supplier -

Depending on the weapon system to be supported, the
General Level of Repair may be adequate to resolve most
repair problems. However, there is sufficient complica-
ti on In electronic devi ces, such as elect ra—mechanica l
and electro—aptical devices that a special Depot level

of repair may be warranted. Such devices requiring
stabi lized platforms, antenna tests, RF testing and the
lik e are not normally repaIrable at the General Level.

Special calibration pr9cedures and equipment, in
conjunction with tailored Automatic Test Equi pment,
would be required to dup licate factory test and repair

procedures. The definition of these speckl test require-
ments must be specified early in the procurement phase and
approved by the procuring activity.

- Automatic and special test equipment must rely heavi ly on

compr-shensive self—test features in order to minimize the
proliferation of added test equipment. Every attempt should
be made to eliminate the need for calibration standards and
special alignment fixtures.

~~ occasion, it may be necessary to return the unit- to the
manufacturer for single unit repair and adjustment. However,

it should be the policy of the Army that a stand-alone malnte-.
nance capabili ty be resident within the various levels of repair
with minimum dependency upon vendor or manufacturer support.

“-33
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~ I This self-contained maintenance capability may not be

obtainable, however, until some time after deployment.

A specific plan for phasing out the vendor must be an
- integral part of the support plan as well as the Configura-

- 
Hon Control Plan .

I -
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FIGURE 2.2

LEVEL OF REPAIR CHECKLIST

UUT Nomenclature 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

UUT Cost 
__________________  

Planned Service Ufe 
__________________

# of UUT’s per Maintenance L~cotIan 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Operational Hours per Month 
_________________

Desired Availabi lity 
__________________  

Estimated MTBF 
__________________

Maintenance Actions per Month Scheduled 
___________________

Unscheduled 
____________________

Required MTTR 
____________________

Development of Test Support Cost Recurring 
__________________

Non —recurring 
____________________

Repair Cost per UUT 
_______________ 

direct spares replacement 
______________

-
- depot repair 

______________ - -

on—site test and repair 
-

~1
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SECTION III

3.0 THE TPS DESIGN GUIDE 
-

3.1 GENERA L DESCRIPTION -

The TPS Design Guide is described in a general sense by Figure 3.2.
The purpose In describing the guide in block diagram format rather
than a stacked ‘~table of contents” form is:

It more readil y demonstrates the ‘~serial” flow of task
- elements that must be perform ed to develop the TPS. -

It shows the time sequencing of the task elements and
to a great degree their interrelationship. In essence,
a sort of functional/time PERT chart including pacing
items and loop ing requirements.

It presents the ‘~total” picture of task elements to be
considered, understood and applied in the development
of TPS’s. It shows where to start, how to proceed,
what must be done, and when to perform each task
element.

The TPS development effort can be expressed in a very simp le form.
Figure 3 .1  attempts to show that simplified form, but there are a

number of tasks that make up each of the simplified blocks. These
tasks are shown In Figure 3.2. Because of the many tasks that are
necessary to complete the development effort, the simple block dia-
gram is shown wIth cross references to the detailed block diagram.

Ill—i
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ThIs wi ll allow the guide user to see the overall development effort at a

glance arid the detailed steps in that effort if desired.

Figure 3.2 does not describe the results of funct ional non—com pliance wi th
the task elements, or the effects of only partia l comp liance. Some of the

resu ltant perturbations are self—evident , and the text of the guide will
define to the guide user other potential detriments to the engineering

system that can result from an I Il-accomplished task element.

The projected purpose of Figure 3.2 in its presented format is to provide
the user with a visual tool that not only describes but tracks his functions

in the TPS development chain regardless of the size of his portion or his

requirements of applications.

3.2 SYSTEM FORMATTING

Figure 3.2 sequentially formats the engineering syste m presented in the

• 1 guide. Each of these components will be discussed as to their content and

place in the tota l picture of TPS ’s deve lopmen t , starting with the Missi on

Vehicle (be it on electronic syste m, an LRU, an SRU or an SSRU), and

comp leting with the parameters of TPS’s acceptance by the paying user.

3.3 MISSION VEHICLE

3.3.1 General

The initiati on of any type TPS deve lopment task genera ll y starts at a point

this ~ulde considers “partway down-the—line.” In order to organize p~
ope

~
TPS development, the management and engineering systems groups perform-

ing thei r assignments must be provided with, and exposed to , the entire real

l l l—2



and potential problem matrices that can be demanded by the Mission
Vehicle in all modes of its operational readiness functi ons . Therefore,
the guide ’s content wi ll be “started” at a “beginning ” point that farces
the required Unit Under Test (UUT) understanding capabilities.

3.3.2 Unit Under Test (UUT)

The UUT in the guide is named the Mission Vehicle because it not only
performs an intende d task , but is also designed to accomplish a MISSION
of some type , in some manner and to some degree. -

- This UUT can be a system , a Une R~pairabIe Unit - (LRU) which can be
port of a system; a Shop Repairab le Unit (SRU) which is por t of an LRU;
or a Sub—Shop Repairable Unit (SSRU) which is part of an SRU. The first

-

‘ 

functi on of the guide is to systematicall y provide the necessary information

for understanding the UUT.

3.3.3 UUT Definition -

The UUT is first defined in terms of wh9t type of component it is from an

app lications stand point , bath functional and operational. The p~irpose of
the UUT definition is primari ly to indoctri nate management and engineering
to all functional and operational aspects of the UUT, to blaze a trail to

the location and procurement of the necessary data and information on the

UUT, ~~d to become acquainted with the personnel and organizations

presently and potentially to be involved . In additi on, the guide users

ore ~iow prepared to understand and apply the UUT’s functions of perfar-
m~~ce,- design, support and configuration control. In reality, the guide ’s
first checklist of user evaluation function is developing. A complete

checklist covering UUT defini tion , which should be app licable to all

Ill—3
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UUT’s after consideri ng “what ” needed addi ti ons and/or de letiOns should

be made as a resu lt of the UUT ’s own pecu liarities.

3.3.4 UUT Performance Specification (Component Functions)

The UUT performanc e specification , sometimes co i led the production sped -

fication is the prime definiti on document for the UUT . It is norma l ly a

standard format of scope, documents, design requirement and quality
assurance requirement. The content of this specification is all encompas-

sing in scope except for certain cri tica l elements needed primari ly to supp ort
the UUT in the future . This specifica tion provides for design , fabrication ,

inspectIon , in—proces s con tro l , in—p rocess testing, functi ona l testing, environ-
menta l testing and acceptance testing sometimes including the “first article

acceptance requ irements . ” The document normall y requires the vendor

prepare an Acceptance Test Procedure and the necessary test facilities and

equipment to verify to the customer t hat the UUT meets its production speci-
-
~~~ fication requirements. Testing is normally performed on PSTE (Pecu liar

Special Test Equipment), peculiar to the vendor and as a function of that

vendor’s design, fabrication and previous testing experience. This PSTE

can be anything from a hot-mock—up to a sophisti cated testing system ,

but almost always it is still peculiar to that vendor . Many words of pro

H and con can be writte n concerning this type of specialization in testing

by each manufacture r of UUT’ s. The best probably would be that at least

the vendor can demonstrate that his UUT meets the producti on speci fi cati on ,

and that all the precise elements of that spedficotlon have been met.

Needless to say, there is a proliferation of test equipment in the mak ng

(or already made) but to date the economics of a continuing UUT supp ly

source seem to demand a continuatIon of this method of test.

111-4
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SECTION IV

4.0 TEST REQUIREMENTS/STRATEGY

A major factor in the development of a test program is the generation of

test requirement and test strategy information. This section will discuss
the steps necessary to generate this infor mation.

The items to be discussed in this section include:

1. UUT functional requirements and the criti cal parameters

that must be determined to ensure an adequate test.

2. The test approach and test opti ons that result from the

functi onal requiremen ts analysis.

3. The isolati on ambi guiti es and thefr effect on the test

approach.

4. Test tolerances and their relationshi p to the maintenance

concept and leve l of test. -

5. Testabi lity and its importance in the test program develop-

ment process.

6. The data required to determine the test requirements/
strategy, and the data required to document the results.

4.1 UUT FUNCTIONAL. REQUIREMENTS

The first step in determining the test requirements/strategy s to determine

a functional test is necessary. This analysis should be made without any

consideration being given to the test equipment to be used, or even if test

.qulpm.nt sxists to provI d, a tru ly functional test . This analysis should be

based only on the needs of the wdt to be tested.
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The effective way to arrive at this decision is a somewhat reverse approach .

That is , inste ad of asking the question , ‘What failures will be found by

performing a functional test?” - the questi on should be asked, “What

fai lures will NOT be found by performing a non—functiona l or stati c test? ”

This decision is much easier to arr ive at in SRU testin g than it is in LRU

testing. For examp le, in the case of SRU testing, the schemati c or ci rcuit

diagram can be reviewed and if there are no peculiar timing circuits ,

osci llators or clocks embedded in the SRU, it can genera ll y - be assumed that

a static test w i ll provide a test sufficient to determine the operability of the

SRU. Of course there are always exceptions, one of which is where the

designer advertentl y or inadvertently designed in a race conditi on that onl y

appears when the UUT is opera ting at speed , but these conditions are rare ,

extremely difficu lt to determine , will most likel y be found in some other

manner such as design proof or system level test, and will usuall y resu lt in

a design change. There is also the case where a device will operate

perfect ly norma l at low speed, but fai ls to function proper ly as t he speed

is increased; however , this type of fai lure is rare enough not to a lter the

basic approach .

This approach is also valid in determining whether or not a functional test

is required at the IRU level . It is not as simp le a deci si on to arr ive at

because the LRU usuall y consists of a number of SRU’ s connecte d toget her

in some manner not easi ly seen by a qui ck review . The sys tem bloc k

diagram is generally of no assistance in making the determinati on because

it is more a question of the types of elements used and the mechanizat i on

of those elements into a system that decides the question. For examp le ,

were stati c or dynamic memory devices used ? Is there on osci l lator or

c lock interna l to the LRU, and i f so, can it be disabled and controlled

from an external source ?
IV—2
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These an~f many other SEmi b r  types of questions must be answered before

the question of functional or static testing can be answered.

Because it is more difficult to make this dec isi on at the LRU level , the

optimum method would be to involve the designer of the LRU in tIe

decisi on makin g process . This is not to say it should be his decisi on in

total, because most designers feel that the only adequate test would be

a full functional test . This is not true, but the designer’s invo lvement

is desired to determine the critical parameters that must be suppQed to

the UUT, or monitored by the test equipment.

An example of this is that in some types of data transmission such as

Manchest er where the cloc k to reconstruct the bi -phase coded data is

encoded w tMn the data, ri se and fa ll times can be a very cri tical para-

meter , If the rise and fall times are too fast or too slow , it can result in

erroneous data being received. This informati on should of course be

contained in the syste m specification, but it is information the desi gner

is quite aware of the importance of , and wou ld place the necessary

emphasis on it. On the other hand, there may be a voltage output from

the LRU that comes from a regulated source and at a glance would appear

to require a close tolerance measuremen t , but in the system the signal is

actually used only to indicate the presence of power. The only measure-

ment required on a signal of this type is one that indkotes a voltage of

some value greater than that necessary to overcome the threshold of the

recei ving device. This again is information the designer is quite aware

of and by including this information in the test requirements will prevent

a c lose tolerance measur ement from being made on a signal that does not

require it which could cause a fai lure indication when the LRU is in fact

operable.

IV-3
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4.2 TEST APPROACH AND TEST OPTIONS

Once the UUT functional requirements have been established, it is then

- 

- necessary to determine the test approach and the opt ions available to that

approach.

At this point , it is necessary to give som e considerati on to the capabi liti es

of the test equipment. If, for example, a functional test is reqW red, but

no test equipment exists or can be procured with the necessary capabilities
to allow this, then a part of the test approach would have to include the

design of a complex interface adapter to provide the storage, buffering,
unique timing, or data conversions to compensate For the inadequacies of
the test equipment.

It should be pointed out in thi s instance that the test equipment with the

capabi lities most closely approaching the functional requirements of the
UUT is not necessari ly the correct choice. Take for example the case

where the data has to be inputted to the UUT at a specifi c frequency of
10 MHz, and the choice is between a tester that is capable of providing
data at 5 MHz and one with a maximum rate of 100 KHz. Consideration
should be given to the types of devices required to ensure reliable capture

of the data at the higher rate versus the devi ces required at the lower rate.

The resultant noise generated by the faster data transfer rate should also be

examined, and if test ti me is not a major Factor , the tester with the slower

rate should be given serious consideration. Cost would certainly enter into

the decision process also, as the tester wflh the higher data transfer rate

would In all probability be the more expensive of the two.

In addition to determining the type of test equipment to be used, the test

approach should also include:
lV-4
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4.2. 1 Configuration Audit -

Establishing the configuration of the UUT that the test program is to be
written for, and controlHng that configuration throughout the develop-
ment cycle . As changes to the UUT take place during the test program

deve lopment period , they shou ld be revi ewed and the decision mode as
to whether they should be incorporated at the time or accumulated and

included at the end of the development period. Major changes should
of course be included at the time , but minor changes to the test unit
that do not grossly effect the operation of the item can cause the deve lop-
ment time to Increase if they are incorporated as they occur . They should
be accumulated and included at the conclusi on of the development.

4.2.2 Computer Aided Program Preparation (CAPP)

Determining the need for computer aids in the UUT analysis process - the

analog analysis aids such as CAPS and ISPICE can be of some use in simu-

lating complex circuits and providing the test engineer with information
on the expected results for a g ven set of conditions . In existi ng computer 

-

aided analog circuit design programs, whether it is used for desi gn or

analysis, the biggest lImIting factor is the lack of accurate and comp lete

models for active components such as transistors, op-amps, comparators,

regulators, etc . For example, It is difficult if not impossible to include

in the model all parameters and tolerances of an op—amp that will affect

its operation, resulting in quest ionable accuracies of the analysis results.

Any wide-band analog components just compound the problem. -

Due to the lack of good models for active components, results from computer
aided analysis generally have tolerances and uncertainties that are not suited
for general simulation of complex circuits, followed up by detailed theoret-

ica l analysis.
IV-5
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Component fai lure mode anal ysis has been tried by using ISPICE with

some success . However , the same problem with active component model-

ing was experienced in this app lication also , therefore , the same lim ta-

tion applies.

The problem with acti ve components modeling comp ounds itself when wide-

bond circuits such as RF or video are invo lved . With state—of—the -art

circuits designs leaning more and mare toward digi tal , the soluti on to the
mode ling problem does not appeor to be forthcoming .

Computer aids in circuit ana lysis , wit h its inherent Faults, can sti ll be cost

effecti ve , particu lar ly in large programs where many test engineers are

doing circuit analysis. As with any tool, its usefulness can be enhanced
f the user recognizes its shortcomings and app lies it properl y.

Anot her method for acco mp lishing this that has proven effecti ve is the use

• of bench anal ysis. If the unit to be tested is available during the anal ysis

period , some very usefu l information can be gained by- performing bench

eva luations to determine the reactions of comp lex ci rcuits during certain

fai lure modes . This informati on can of course be gained from a paper
analysis, but the bench evaluation , if the necessary equipment is avail-

H - 
able, is faster and the resu lts generally more accurate. If t he bench

eva luati on is used , extreme care should be taken to ensure that no

damage occurs to the UUT.

The bench evaluation method is most effective on analog circui ts • For

digital circuits, it would be of little value . The comp uter aid or the
paper anal ysis are the only practical methods for developing digita l test

patterns. The comp uter aids in use today such as LASAR are commonly

IV-6 
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called Automatic Test Program Generators (ATPG). Althoug h they shore

this common name, there ore differences in the way they operate. As a
resu lt of this , a part of the test approach is not only to decide if ATPG
is to be used , but also the type of ATPG to be used. There are two
general categories of ATPG even though their operation within these

categories may differ. The two categories are:

o Fault Dictionary -

o Guided Probe

The basi c differences between the two is that the fault dictionary type

app lies patterns , accepts responses , and after eva luation of the responses
outputs a list of “most probable faults. ” From this list the fault y component
is ident ified . The guided probe type of ATPG app lies input patterns ,

-
‘ accepts responses , and if an incorrect response is received , the operator

is gi ven a message to connect a probe to some point in the circuit , and
the response patterns are once again evaluated . This is repeated unti l the
fau lty component s identi fi ed . -

Both types of ATPG are effecti ve in the ident ification of fai led components,
and the decision on which one is the correc t one for a given task has to be
based on th ings such as:

o The type of tester used . Some manufacturers supp ly ATPG

that only runs on their systems , so if another type is to be
used , a trans lator is required to allow it to run on any

- 

other test set.

o The amount of slmulatlo, time available . The fault
dictIon ary type of ATPG generall y requires longer
simu lation run time than the guided probe type.

IV-7



o Accessibility to the UUT. If the guided probe type is

used , the test operator must have access to the points

specified by the probe messages.

o Leve l of isolati on required . The fau lt dictionary type
- of simu lator generall y provides a number of “possible

faults,” where the guided probe type will in most

cases isolate to the failed component .

It should be noted that it is not always cost effective to use any type of

ATPG. On simp le digi ta l SRU’s , the modeling ti me, compute r time and

other associated cost cannot be just ified, and manual pattern generation

is the correct thing to do. This decision should be made during the initial

circuit evaluation.

4.2.3 Test Level

Another mportant decision to be mode is whether or not an end-to-end

test is sufficient. If it is deter mined that diagnosti c fault isolation Is

required, the level of isolation must also be decided. This decision is

one of the largest contri butors to the cost of a test program set and cannot

be treated lightl y. The devel opm ent of a test program becomes more

difficult as the component groups become smaller . If an end—to-end test —

is all that h required to support the required operational readiness leve l ,

then the development process should end at that point . If, however,

fault isolation is required, the development is extended by an amount of

time proportional to the isolation level required. Unfortunately, this is

not .a linear time extension. The optimum isolation level would of course

be down to a single component 100% of the time. Even if thi s were possible,

which it Is not, the test program development time and the associated costs

H
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would be beyond reason. At the other end of the scale is the simple
functlonaF end-to—end test . There is a point in between these two

extremes that is the correct level for each support activity. The
selection of this poi nt is very important and should be based on
factors such as:

o Types of spares available at a maintenance site.

o Quantity of spares available at a maintenance
site. -

o Rework capability at a maintenance si te .

o Reliabili ty of the unit to be tested.

o Buflt—ln—Test (BIT) and/or Built—In—Test Equi p-
ment (BITE) in the unit to be tested.

o Accessibili ty of the unit to be tested.

o Testability of the unit to be tested. -

o Comp lexity of the unit to be tested .

Having evaluated the above items, It should then be possible to
determine if diagnostic fault isolation is required, and if so, what
that level of isolation should be.

IV-9
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4.3 ISOLATION AMBIGUITIES

Isolati on ambi guiti es can have an effect on many phases of the test program

deve lopment cycle , the supp ort of that program and the hardware the pro-

gram was desi gned to support .

With ambi gui ty being defined as “capable of being underst ood in two or more

possible senses, “ and iso late defined as “to select from among others, “ then

‘1 a loose definition of isolati on ambiguity would be “to se lect from among

others in two or more possible senses . ” This is where the problem begins.

With a definiti on as stated above , it is not difficu lt to understand wh y no

c lear measure ment of isolati on ambi gui ty has ever been defi ned . It also

becomes easy to understand that having an ambiguous statemen t with no way

to measure the results , problems can be created .

Iso lati on ambiguity , however, has long been the accepted method of

measuring test program qua lity , but it is in fact more a measure of the

testa bi lity of the device being tested . The test progra m cannot imp rove

on the testabili ty of any piece of hardware . If access to the internal

circuit elements was not mode avai lable through the use of things such as

test points, partitioning into functional groups and mechanica l packaging ,

the isolati on ambi gui ty wi ll be increased .

This fact must also be considered in determ ining the test approach . If the
- - mission support level requir es diagnosti c fault iso lati on to small component

groups , but the unit was not designed wit h the necessary v isibility to allow

this , the test program development becomes very comp lex . In this situation ,

manua l probing is the only way to reach the desi red ambigui ty level.
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When manual probing is requir ed, not only is the development complicated
by having to specify the probe points and route those signa ls into the test
set , but once the program is released for use , the unreliability of probes
that must remain connected to UUT’s throughout the program run time can
be a major source of problems. Thi s is especiall y true In the case of
conforma lly coated boards.

The only true solution to this is designing the electronics for better test-
abi lity, but there is existing equipment that must be tested and unti l the
desi gn engineers become more aware of this need and learn the techni ques

necess ary to imp lement it , the problem will be wi th us and must be con-
sidere d in determining the test approach .

4.4 TEST TOLERANCES

One very important item that can have an effect on both the time to
deve lop and the quali ty of a test program is the test tolerance . There are,
of course , to lerances that must be establish ed to ensure that the unit will
perform its intended function as a part of a weapons system . These tolerances ,
however, are not necessari ly the ones that should be used for test.

The test tolerance must be established to provide some guarantee that the
unit will operate properly in the next h gher assembly. The method used
to accomp lish thi s is a ti ghting of the tolerances the lower the leve l of test .
This is called a Tolerance Cone. The to lerance cone as shown in Figure 2.1
shows the nominal desi gn va lue aid the bui ld-up of tolerances as the level of

test sh~~g.s. For exempt., the depot leve l of t .~ shows a wider iol.r~~..
1’ thai th. focIe~y level . At the faatos’y leve l, the compoNents used In the

assembl y ere for the meet part much clos er to their design value .
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This allows for tighter measurements to be taken , and these ti ghter measure-

ments should be taken . When the unit becomes operational , the internall y

generated heat , aging and other factors wil l cause some drift away from

the components design value. This can cause the factory level- readings to

become margina l although the unit still performs proper ly in the system .

This dri ft is a normal occurrence , and -should be allowed for in the desig n.

The design tolerance and the design proof testing should attempt to deter-

mine how far the unit can dr ift away from the design tolerance and still

perform as intended in its next higher assembl y. This design proof ty pe of

testing should not be carried throughout the higher levels, but it all too

often is. This results in unnecessary rejection of operational units.

4.5 TESTABILITY

The most important ingredient to a successfu l test program is something

that must take place long before the development begi ns . That ing redient

is the testabili ty of the unit to be tested. -

The importance of a unit being designed to be tested has been mentioned

previ ous ly, and cannot be over -emphasi zed . The test program cannot

imp rove the testa bi lity of the unit. It can on ly take what has been made

avai lable and devel op the best possib le program from that.

Every piece of electroni cs equipment that has ever been constru cted can

be tested in some manner and to some ex tent. How extensi ve that test can

be depends in part on how accessible that equip ment is to the tester . If

it is impossib le to get to the interna l devices , it is sti ll poss ible to perform

IV—1 2
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some type of test usi ng onl y the input /output si gnals that are available in

the system configuration . Thi s does allow the system functi on to be tested ,

but may require simulati on of the other portions of the system to perform

essentia lly a hot—mock—up—type of test . In some cases, thi s can be an

adequate test . -

If the system configuration signals are all that are available, it does make

the use of automatic test equipment and automati c test programs more

difficult . It general ly means very comp lex interface devices are required,

and even with the comp lex ID, no meaning fu l fault isolation would be

possi ble . This is true at both the LRU and SRU levels , but as stated before ,

if this is all that is required , there is ~ertainIy no need to incur the addi-

tiona l expense involved in develop ing a tru ly testable devi ce.

— If , however , a thorough test with fault isolation to small component

groups Is required , it is necessary to provide access to the internal compo-

nents. In the case of an IRU, these components would be the SRU’s that

make up the LRU. Criti cal si gnals that allow groups of . SRU’s to be iso lated

from each other , signa ls that allow functions to be separated, signa ls that

assist in the evaluation of the operability of the devi ce - must all be pro-

vided to the tester throu gh the use of test points or test connectors . In the

case of SRU’s , large numbers of comp onents on a card with limited I/O may

appear attractive to the mechanica l packager, but it is not very conducive

to the test program developmen t effort . Large multi -functi on circui t boards
- 

. 
make the task of Isolation to small component groups very difficult without

the use of extens ive probi ng . This is never desi rable . It increases the test

setup ti me, the test run time and can result in an unre liable program .

The above items are problems that occur after the program has been develo p.d .

The proble ms that must be faced du ring the development period are problems

IV— 13
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that can extend the develo pment time to unreason able lengths .- Some of
these problems are:

o The desi gning of complex interfa ce devi ces .

- o Selecti on of proper probe poi nts .

o Routing the probe points fri to the tester .

o Determining the proper probe to use .

o Initialization of di gita l circuits .

o Component isolation In feedback loops.

These problems can for the most part be avoided if the device to be tested
was designed to be tested by allowing internal access , by allowing the test

equipment to contro l direct set and reset lines , by allowing feedbac k loops
to be broken , but they must be desi gned in. They cannot be added by the
test program developer . He can only take what has been made available

- ‘  to him , and depending on the required isolati on level , design the inter-
face devi ce and odd the probe points necessary to achieve the specified
iso lati on ambigui ty .

Testabi lity has recentl y been receiving a consider able amount of discussion
by the ATE Industry , but has not yet recei ved the necessary emphasi s by
the electronic equipment manufacturer . Until the proper emphasis is
placed on it at the designer ’s level , the problems the test program devel-
oper must face wi ll continue w ith the result being long and cost ly test

-. programs with less than the desired leve l of isol ation .
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The Testabllty Checkllst is formotted inawoy that allowsoye~ or no
¶ cmsw.r fcr each of the items. lt is not intended to makeaUUT more

testable because at this point in the development cycle the design Is
beyond th is. The checklist Is intended to provide th. test program
developer with some visib il ity as to lust how testable the UUT is.
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FIGURE 4.1

TESTABILITY CHECKLIST - - -

Une Replaceable Unit

Built in test (GO- NO GO) — —
Built in test (Isolation) — —
Test connector (s) provided
Static test acceptable — —
Clock control provIded 

—

Initialization capability - — —
Common modu le connector type 

—

Replaceable large sub-assemblies (P.S.) 
—

Plug-i n modules — — I

Test informa tion provided by manufacturer — —
Input/Output devi ces compatible wi th tester — —
Test points buffered — — 

-

I I

- t
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TESTABILITY CHECKLIST (Cont ’d)

. Shop Replaceable Unit

Con feedback loops be interrupted - — —
Con memory elements be initialized — —
Complex elements (I e., UARTS & microprocessgrs)

mounted in soc kets -

External clock control 
— —

Lcng buss lines Interruptabl. - — —
lest points buffered — —
Can long counter chains be broken 

—

Wired OR’s minimized
Clearl y identified components
Sufficient component mounting cl arance for attaching

test c lips — —
Test information provided by manufacturer — —
Input/Outp ut devices compatible wi th tester — —
Module keying. defeatable - 

— —
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4.6 DATA REQUIREMENTS -

The data required to develop functiona l and diagnostic LRU and/or SRU
test programs for automati c test is di vi ded into three (3) categori es : 

—

/
- 

0 UUT Supplier Data -

- o TPS Deve lopment Data
o Deliverable (User ) Data -

4.6.1 UUT Supplier Data

The UUT source documentati on defines the UUT operating characteri sti cs
and performance requirements and generally com prises the fo llowing:

0 UUT Desi gn/Performance Speci fi cation.

o Factory and Operational Maintenance Test Procedures,
Technical Manuals, and other related documentation.

o Schematics , Wiring Diagrams , Manufacturing Drawi ngs , etc .

If the source information comp letel y represents a current and comp lete

definition of test requirements , then the test desig n engineer can

proceed wit h TPS desi gn. However , if suffi cient current data is not
available , the data must be generated through design anal ysis , benc h

; testing and/or other techni ques appropriate to the UUT. Regard less
of the source used , UUT performance requirements must be defined arid

documente d prior to detailed test design . The test design engineer

- - cannot effectivel y generate an accurate and comp lete test without
guidance in the area of UUT performance. Wi thout proper performance/

fai lure mode data , the actua l supp ort requirements of the UUT may neve r

IV-18
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be full y appreciated . Test ing based on Inadequate data may fall short

of UUT support objectives in the field , or could well result in testing

too stringently and resu lt in an undul y high rejecti on rate . In practice ,

when dealing with developmental UUT’s, the source documentati on

package is often incomplete and/or in a state of flux . This necessitates

the requirem ent for for mal documentati on chang e control. Each subse-

quent docu mentati on change must take into account software impact and

its relationshi p to the test program effort .

The list of specific data required is:

a Schemati cs/Logic Diagrams

o Assem bly Drawings

0 Parts Lists

- o Component Specifications Contro l Sheets

o Producti on/Accep tance Test Procedures

o Comp atibility Reports (Descripti on of Operation)

o Photograp hs -

o Critical Ini tializati on Procedures

o Test Patterns (I/O Sequences )

o WIring Diagrams/Pin Usts

o Signa l Waveforms and Timing Diagrams

o Manua l Adj ustment Procedures

• o Power Supp ly Vo ltage and Current Require ments

o Cooling Requi rements

o LoadIng Requirements

IV—19 
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4.6.2 TPS Development Data -

During test program deve lopment , a TPS data package is developed which

is the sole recepli cal of all desi gn/development informati on during program

development and also a comp lete hist ory of the deve lopment process. This

data package is uti lized for monitorin g test development progress and

management contr ol throug hout the life of the TPS. Thus , at the comp leti on

of the test deve lopment progr am, a completel y current TPS desi gn data package

is avai lable cons isting of the followin g:

o Diagnosti c Flowcharts (DFC) - The step-b y-ste p flow of

the test program . The flo wchart is generated from the List

Require ments Documents and is used as the “out line ” for

generating the code .

o Fault List — A lht of passible fai lures that can occur

the Unit Under Test (UUT). The list can be used to select

fau lts to veri fy the test program if that method of program

verification is used.

o Component Checklist - A list of all components on an

SRA showing the failure modes . To be used t~ veri fy that

a test was written to detect that mode of component mal-

function.

0 Probe Point Designations on Asse mbl y and Schemati c
— Drawings - Probe points that are selected by the test

program deve loper to aid in the isolati on of a failure
- ore shown on these drawings.

o Non—Ambigui ty Ratio Calculati ons - The calculation s

that show the number of fai lure messages , and the

IV-20
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number of components in each fai lure message thaf
cou ld possibl y contri bute to the ma lfunction.

o Non—Detecta bles/NJon-Func t ionals List - A list that
indicates those components that if a cert&n type of 

—

- 

- failure occurs, suc h as one resistor In a parallel resis—

tan cc network open, the failure cannot be detected
using normal test methods. -

o Select-At-Test Components Handling Documents -

The information that detai ls the parameters to be
observed, and the type and range of components to

• be used in the selecti on process .

o Circuit Anal ysis Work Sheets - The work sheets

• used by the test program develop er in the anal ysis

phase of the development. The sheets are usefu l

if changes are requi red later in the deve lopment

process, and if changes in the UUT configuration

take place after the program Is operational. -

o Functiona l Block Diagrams — Block diag rams that
show the functional operation of the UUT which can
be usefu l in hel ping to determine if a functiona l or

-: 
- 

stati c test is required .

o Interface Device (ID) Design Data - The interface

device desi gn data detai ls the information required to
bui ld the ID.

o Program Listing(s ) - The listing of the test program

that contains the detailed test information that results
from the code and comp ile phase of the deve lopment .
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o Test Program Instructi on (IPI) - The informati on
required by the test operator to set up and execute

the test program is contained in the test progra m
instructi ons . Inform ati on -such as cautions and warn—

- 
ings, probe point detai ls, and se lect—at—test require-
ments should also be included in this document .

4.6.3 Deliverable Data —

During norma l operational use, the ATE technician /operator requires a
minima l amount of information to enable hIm to perform the test program .
The operator must first have a means of identif ying and accessing the
proper configuration informat ion. The data must then provide him with

necessary instructions for interfacing the UUT and the test program with
the tester and the instructi ons to carry the test to its proper conclusions.

Maintenance/Test Program supp lementary data in the form of UUT to
tester interface draw ings , and test descripti on informat i on may be pro—
vided to facilitate on-station (ATE) troubleshooting and ambiguity group
breakdown.

.4
4

- 
Deliverable data will include :

o Test Program Instructions (TPI’s)

- 

-
~ o Program Listing(s)

o ID Design Data -

- Top Assembly Drawing

- - - Namep late Drawing
• Layout Drawing

Wire List(s)

IV-22
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I ’ o Test Program Tape/Disc (TPT/D) -

o Master Test Program Set Index (MTPSI)

o Maintenance Support Data -

Test Interconnection Diagrams

j  • C rcuit Schematic (Functional Flow)

Make from Instructions (Parts Modificat ion)
• 

Description and Theory of Operation in LRU
Test Descriptions

V
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SECTION V

5.0 CODE AND COMPILE

In the past, software generation has been treated as a secret art of select
software specialists. This is no longer the case; in fact , the best software

- 
- can be generated by an experienced test en~ neer whose abi lity spans both test

techni ques and an understanding of the ATE language. The test program desi~~ 
—

• should include the following elements to reduce the total develapment costs:

o Hardware/Software Interface Reference Material
o Test Program Instructions (IPI)

- 
o Code and Compile Techniques

This secti on discusses the procedures required to reduce the code and compile
deve lopment to a cost effective techni que and to provide meaningfu l test

— documentati on for the site user.

• 5.1 REFERENCE MATERIAL

The selected ATE User’s Guide should be reviewed to determine whether it
contains the following criter ia. If not, it will be necessary to summarize
certai n data for quick reference and usage during code and comp ile and on-
stati on testing. -

The software language should be described for each mode of tester operation,
showing the required field and options which must be filled in during the coding
operation. On the same page or following page , the ATE pins on which each
signal appears should be avaflable and must be summarized to avoid the need of
referring to other documents. These are best described by simp le block diagrams
showi ng the input and output pins cmd the software fields which are related to
each pin. In addition, descriptions, using the same format, should be made for
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any specia l interface devices described in the previous sections.- Wh ere

large interface connectors are used, a matrix diagram, showing pin

numbers and related ATE funct ions , should be mode.

5.2 TEST PROGRAM INSTRUCTIONS (TPI)

The information for the Test Progra m Instruction is prepared by the test

programmer, but the ultimate user is the tester at the site . The Test Program

Instructions (TPI’s) should be formatted and a simp le checklist prepared for

the programmer to fill in. This will standardize the TPI and reduce the

language barrier between the programmer and the technical writing group.
Wor king with the TRD , the programmer. can block out the operator actions
required to connect the setup, load the progr am and run the test , thus

minimizing the time required to prepare the TPI, if it were saved to the

last.

Operator Act ion messages may be prepared in advance, thus eliminating

— errors caused in a two—step operation. Simple test diagrams should be

prepared for each setup to enhance the understanding of the UUT/ATE

operation. These sketches may become a part of the fina l TPI to aid in

test diagnostic troubleshooting.

5.3 CODE AND COMPILE TECHNI QUES

Code and Compile procedures can be simp lifi ed by preparing standard
messages and routi nes in advance . These procedures should be appended

- - 
- to the reference material described in Secti on 10.1 • A bri ef descrip~1on

of some of the techni ques which should be included are :

o Standard Messa ges .

o Structured Programming

o AnnotatIon
o Entry Points
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5.3.1 Standard Messa~~ 
-

Standard messages should be prepared to reduce preparation time required for

individual systems. These should include, as a minimum, initial setup and

configuration check, pasVfail , adjustments, often-used operator actions, and

advisories . These messages should use standard spacing for easy reading. If

varia ble f elds are requ red, the standard message may be prepared as a sub-

routine wth the variables b&ng passed on as arguments. It can also be

prepared on a standar d coding fo rm, wit h blank fields for the programmer to

insert the correct varia bles . 
-

5.3.2 Structu red Programming

Standard procedures shou ld be prepared for uniform structur ing of the program.

Using the TRD as an outline , the genera l test flow and codin g strategy can be

determined . Types of tests and test conne ctions can be group ed into categories.

Standard subroutines can be prepared . Some often—used procedures can be

modularized and compiled into many programs with proper software procedures

for a given comp iler. Since the finished progra m listing should be a part of the

docume ntation , the use of subroutines shou ld consider the visibility of the

completed form. Is it readable? Are nested routines required? Does the compiler

print out a con cordance ? These answers wil l determine the extent to which

subroutines can be used without masking the test flow from the test user.

5.3.3 Annotation -

The coded listing shou ld be annotated with commen t cords to assi st the tester

in identifying the test against the TRD. Comment cards can be prepared during

the inti tal test planning and will form an in—line table of contents for the tests.

Test num bers should be sequential with allowance made for revisions . For ~
example, test should progress in tens, wi th diagnostic branches having some

V-3
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relation to the functional test from which it branched. The display should

use annotations to advise the operator of the general test section which is
being run.

5.3.4 Entry Points -

Entry points should be placed at the beginning of each major test series,

The use of entry points must consider the need for safe-to-turn-on and
initialization procedures. These should be clearly annotated in the TPI.

1?
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SECTION VI

6.0 INTERFAC E DEVICE (ID) DESIGN

The Interface Device (ID) design requirements are determined by the UUT

functiona l requi rements (Section4) and the ATE Characteristics . This section

- 
- w ill discuss the steps necessary to generate the ID desi gn .

The items to be discussed in this section include:
1. Level of complexity
2. Self test requirements -

3. UUT protection
4. Mechanical considerations
5. ID checklist

6.1 LEVEL OF COMPLEXITY

The UUT functional interface requirements described in Section 4 will determine
the size and comp lex ity of the ID. UUT signal characteristics are itemized

pin—by—pin, including the electrical characteristics, such as vo ltage, impedance,
frequency, rise time, etc . The number and types of signals are then summari zed,
inc luding the maximum number of simu ltaneous si gna ls for each si gna l type . This
summary should be made without regard to the ATE to be used. Terminology
should be compatible with the test flow diagram prepared as part of the Test

Requirement Document (TRD) . The ID check list will group these requirements as
inputs/outputs from the UUT for:

o Grounds arid shields
ö Power requirements

- o Analog stimu lus/response
o Dig ita l stimulus /response
o Ti ming and control
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o Probing requirements - 
- —

-o Specia l requirements

The UUT input /output summa ry is then compared to the ATE signal charac —
ter istic s descri bed in Section 10 to determine full compatibility . Where I/O

does not matc h , additiona l anal ysis must be made to determine the most cost

effective method of matching the requirements by adding elements in the ID.

ID complexity will be minimized by the use of ATE with universal sw itching

interface.

ID elements may inc lude switches , re lays , buffe rs , amp lifiers , reg isters , etc .,

-and , if necessa ry , SRU circuit ry from the parent UUT to achieve full compatibility .

In extre mely comp lex cases, the desi gn should consider the use of com mon

complex lDs to satisfy a fami ly of UUT requirements. In the case of simple IDs,

every attempt should be made to uti lize the same ID for severa l UUTs.

The cost of the comp ’ex desi gn and subsequent self—test requi rements must be

traded off with t he cost and utilization of more sop histicated ATE. Suc h trade-

offs must consider t he high logistic cost of a manual test -alternative which would

requi re more personne l and training throug hout the ‘ife cycle. The use of a

standard ATE data bus wi ll allow cost effective design of special requi rements in

a common ID which is controlled by the standard ATE.

6.2 SELF TEST REQUIREMENTS

ID Self Test is mandato ry on even the simp lest ID. If the usage of the test

equi pment is hi gh, experience has shown that self test will save time in all

phases of develop ment and si te usage . This is due in part to the wear out of

mating connectors. All active signa ls should be wrapped around so that all

sources are acti vated into every measurement device used by the system. The

order of priority should be as follows:
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o Interna l (to ID) wrap around without disconnect ing UUT
6 Minimum swapp ing of externa l connecto rs
o Wraparound shorting plug substituted for the UUT

A ll self test techni ques should avoid removing any ATE interface connectors
whenever poss ible as this could cause undetected mating problems during the test.

6.3 UUT PROTECTION

The UUT functional characteristics should include requirements for protection
of the UUT against damage by the ATE or vice versa during turn orVoff and
ttansient conditions. Power sources s~ou Id be designed to crowba r in case of
malfunction . It may be necessa ry to desi gn certain protective circuit ry in the
ID, suc h as voltage limite rs on voltage sources to IlL circuits .

6.4 MECHANICAL CONSIDERATIONS

The mechanical configuration of the interface device -is determined by:

o Number of input /output connecto rs
o Amount of si gna l conditioning required for ATE compatibility
o Coo ling requi rements for UUT and/or ID
o Holding fixtu res required for UUT

Physica l size should be minimum so that handling and storage problems are
minimized; however, a 209~c expansion capability should be provided for in
the initial design.

Any signal conditioning circuitry within the ID should be modular in construction
and readil y accessible via access doors.
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I
Captive cabling should be minimized where general purpose cabling con -

be provided. - -

- 6.5 ID CHECKLIST 
- —

—• I -

- Table 6.1 is an ID checklist for summarizing all requirements for the
-; design review . The checklist should be updated as changes are required

- to maintain comp lete v isibi lity of the design.

I I-

I

I
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TA BLE 6.1

INTERFAC E DEVICE CHECKLIST

Yes No

Number of signals
- - Digital 

_________

Analog -

Power -

Special signal wiring required ~ .e ., twisted pair , coax
shielded wire)

- 
Digital quantity 

_________

I
-
-. Analog quantity 

__________

Power quantity 
__________

Buffering required 
—

Digital quantity 
__________

Analog quantity 
_________

Signa l conversion required 
—

Digital quantity 
___________

Analog quantity 
_________

Special timing required
Dgito% quantity 

__________

Analog quantity 
_ _ _ _ _ _ _ _

Special control required
Digital quantity 

_ _ _ _ _ _ _ _

Analog quantity 
_________
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INTERFAC E DEVICE CHECKLIST (Cont ’d) -

Yes No

ID power requirements

A obe requ irements -

ID self—test required — —

UUT removal required for self-test 
— —

UUT electrica l protection required — —

UIJT cooling requi red 
— — 

p

ID cooling required — —

UUT holding fi xtu re requi red - 
-

Common ID feasibility evaluated — —

Genera l purpose cabling evaluated — —

Access to ID active components evaluated — —

I
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SECTION VII

7.0 INTEGRATION

The integration of the test program requires the bringing together of all

the previously developed pieces to verif y that the test strategy was

pr~psr, the interface device design is as required, the test set is ode-

quote and the test program Instructions are correct.

The integration process simp ly stated is to verify that the test program

will pass a good unit ; relect a bad unit and, if relected, determine the

cause of failure .

F~ior to the first test on the ATE, a safe-to—operate procedure should be

prepared to check oil power Unes and avoid damage to the ATE in case

of ID wiring errors. The next phase would be a manual step through of
each test to determine at a deliberate speed, that each test is properly
coded and that the UUT is responding to the test commands. When this

is complete , a functional test can be run with a known good UUT . The

program is then forced down each major diagnos ti c branch to insure that

all coding is correct. The remaining checks will consist of fault simula—

tion and fault insertion. The number and method of s mulating faults is

a major contributor to integration costs, It is, therefore, important to

trade off the number of faults against the program ambi guities in the

final analysis.
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SECTION VIII

8.0 DESIGN REVIEW

During the course of’ test program set development, forma l design reviews

between the TPS contractor and supplier should be accomplished b

Experience has shown that two (2) forma l reviews are required and con be

referred ti, as Preilminary and Critical .

8.1 REVIEW FORMAT

The IPS supp lier technica l representative and the contracting agency

representative shou ld jo intl y chair the meeting.

The supplier shou ld present an overview of the TPS to fami liarize all

attendees with the test philosophy and strate gy .

During this presentation , the contract ing agency representati ve s hould be

adding or deleting quest ions fro m a list which has been pre—prepared having

reviewed the data pri or fo the design review .

At the conclusi on of the supplier presentation, the contractin g agency

should address his list of quest ions until mutual satisfacti on is reached.

Detailed minutes of the desi gn revi ew should be recorded and ~~y open

action Items should be summari zed and responsi bil iti es/schedu les assigned

far closure .

Action Item closure reports should be prepared wit h a detai led description

of the correctiv e action taken.

VlIl—1



Mutual concurrence of action i tem di sposition should be required prior to

commencing TPS debug and validation.

8.2 PRELIMINARY DESIGN REVIEW (PDR)

The PDR should be conducted upon comp letion of test analysis which
results in a detai l flowchart and adapter requirements definition.

Items to be revi ewed are indicated in the checklist Figure 8.0—1 .

8.3 CRITICAL DESIGN REVIEW (CDR)

The CDR should be conducted at the comp letion of TPS debug /verificati on .

Any anomalies revea led during this review also require acti on item clos ure

reports prior to the conduct of the TPS Acceptance Demonstration.

The product of this CDR should be a mutuall y agreeable set of tests which

wi ll demon strate the ability of the TPS to diagnose the UUT and isolate
fai lures .

8.4 CHECKLIST

The design review checklist Is purposel y structured to accommodate both

PDR and CDR in sing le document. The checklist should be an integral
part of a permanent engineer ing data book assembled by the IPS develop-

• ment engineer and maintained throughout the tota l development process .

FIgure 8.0-1 suggests an itemized list of checks to assure a proper review.
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DESIGN REVIEW CHECKLIST

Figure 8.0— 1

UUT DATA• No.
• • Nomenclature 

____________________

Part Number 
_ _ _ _ _ _ _ _ _ _ _ _ _

Drawings:
Schemati c 

___________________

Assembly
Parts List 

_ _ _ _ _ _ _ _ _ _ _

Test Specification 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TEST DESIGN DOCUMENTS AND MATERIALS 
_ _ _ _ _ _ _ _

AVAILABILITY Yes No

A. PDR Items:

1. UUl Drawlngs:
a) Schematics
b) Assembly
c) Parh Llst

• d) Test Specification
2. UUT Engineering Analysis Summary
3. Interface Mapter Sketches 

•

4. DetaI led Flowchart (DFC)

B. CDR Items:
— 

1. AII PDR Items
2. Source Code Usti ng
3. Formal Mopter Drawings
4. Final DFC
5. FInal Source Code Usfing
6. R.conim.nd.d Spar. Parts Ust

VIH—3
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• Figure 8 .0—1 (Cont ’d)

Ill UUT-ATE INTERFACE DEFINITION Yes No

A. PDR Items:
1. Determination of I/O Signals & Power Reg .

• 2. ATE capable of providing I/O & Power
• 

• 3. Adapter requi rements determined
4. Mechanical sketches conform to requirements
5. Proposed adapter conforms to negoti ated basi c design

B. CDR Items:

1. Formal adapter drawi ngs agree with PDR
2. Formal drawings comp lete and accurate S

3. Final DFC full y tests UUT
4. Final source code listing reflects DFC

• IV TEST STRUCTURE EVALUATION Yes No

A. PDR Items :
1. Engineering Analysi s Summary

a. Circuit anal ysis comp lete
b. Test parameters guarantee operation at next

higher assembl y
c. ATE to lerances calcu lated for each test
d. ATE to lerances ratio ’d with circuit

speci ficati on tOler ances
e. Ratios 10% for all tests

2. DFC
a. All UUT functions full y verified
b. Reflects circui t analysis
c . Probing reviewed
d. SAT procedures are accurate

• e. Grounding 1~ adequate
f. Tolerances are same as engineering

analysis definitions

• VIll-4

____________ _________________________ —5——-- —5- 
-
~~~— — ~~~

— ‘.• ~~~~~~~~~~~~~~~~~~~~~~ 5~~~~~~~~~~~~ _~~~~~ • . 5 - 5-—- - -



— 
,q—,- 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
—5— .e———!r — — •‘ — •- —

-~ 
S

~~~~~~~ 

--

Figure 8 .0— 1 (Cont~d)

B. CDR Items:
1. TPS listing test numbers conform to DFC

test numbers
2. TPS listing accurate ly represents DFC
3. Al l displays are using standard message format
4. Test Program Instruction (TPI) test numbers

conform to DFC & ATLAS listing test numbers

• 5. TP! contains accurate test setup instructions
6. TDI contains clear SAT instruc~icns
7. Spare parts list accurate

V SUMMARY Yes No

A. PDR Items :

1. Engineering analysis summary complete
2. Adapter requirements complete
3. DFC complete
4. Action item no. 

____
, 

____  ____  

clear
- 

S B. CDR Items:

1. IPS source code complete
2. Formal adapter drawings complete
3. Final DFC complete
4. TPI complete
5. Action item no. 

_____ _____ _____ 

clear

C. Deliverable items complete

VI COMMENTS AND NOTES

/ 1
PDR Date 

_ _ _ _ _ _ _ _ _ _ _ _ _  

POR OK 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  

Date 
_ _ _ _ _ _ _ _ _ _ _ _ _

CDR Date 
______________  

CDR OK

Test Engineer - 
Test Engineering Manager 

_______________________S
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SECTION IX

9.0 ACCEPTANCE TESTING

The most important factor to be evaluated in the acceptance test of a
Test. Program Set is to evaluate its accuracy and usabi lity . There are
only tI*ee functions of the TPS and they are as follows:

o Ccrrectly ldentlfya ”good”UUT.

o Correctly Idantify a ‘bad” UUT.

o Correctly Identify the “cause” of a UUT failure .

The lnálllty of a TPS to perform these functions can generally be
attrlbut d to th. following:

a Inappropriate use of test techniques.

o Improper test limit deri vat ion .

o • Improper ordering of tests.

o Incomplete testing.

o Incorrect or unclear operator instructions.
S o Unidentified interface devi ce fai lure .

o Improper application of the test system .

Acceptance testing should concentrate on both usabi lity and ‘accuracy of
the TPS.
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9.1 FINAL DESIGN REVIEW 
5

If structured properly, the final design revi ew should serve as a tool in

identifying areas of potential weakness of the TPS. Test techni ques ,
overall test strategy and the testing sequence should be carefully reviewed

from a functional block diagram of the UUT. The interface device should

be revi ewed , and if complex, the adequacy of the self test reviewed.

It should be verif ied that all functions of the UUT are tested and several
of the test limit derivations explained . The application of each different

function of the test system used should be evaluated. The operator

Instructions should be reviewed for clarity and the program documentation

evaluated as to the use of making a program change. If all of the above

items are reviewed, a better confidence in the TPS qua lity can be gained.

9.2 DEMONSTRATION

The demonstrati on of the test program set is the final check of its quality

prior to being used in an actual military test and repair environment .
It Is here that the UUT wil l be exercized by the TPS on the test system .

It Is recommended that two (2) UUT’s be used for this demonstration .
This will al low a better observation on the adequacy and accuracy of

the test to lerances .

A better measure of the clarity of the operating instructions will be
gained If the cognizant procurement engineer that participated in the

• final design review actuall y runs the TPS .

It Is suggested that a small team of test engineers select the faults for
each UUT. This fault list should be based on the recommendations of

lX—2
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th. final design review and also concentrate on faults that have a higher
probabIlity of occurring In the UUT. The number of faults selected should
be directly proportional to the number of failure modes. The UUT shou ld
be restored after each fault with the TPS verif ying the repair of the UUT.
It Is the opinion of the authors that the number of faults Inserted not be

S 
large, With penalties added far each missed fault. A suggested penalty -

-

measure mght be as follows:

Faults Correctly Isolated Penalty

90% FIx missed faults , add 1
- penalty fau lt per miss.

75% Fix missed faults, add 2
penalty fau lts per miss.

• < 75% Fix missed faults, add 3
penalty faults per mi ss.

If more than one test system Is available , the TPS should be run on two
different systems.

9,3 DELIVERABLE DATA

All data gen.rut.d during the generation of a test program set should be
• considered as delIverable data. The test program tcçe/disc, operating

Instructions, Interface devic, and drawing, program listing and UUT data
are the usual Items considered as deliverable data. Other data such as
design revIew mInutes and notes and, the engineering notebooks and flow-
charts are Invaluable when doing maintenance on the test program itself.
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A well annotated listi ng can be sufficient for maintenance if done as

a stand alone document , but a specifi cation has neve r been generated
S to assure that the Ust ing will contain the necessary technical strategy

and maintenance information .

9.4 WARRANTY

Once the IPS has been demonstrated and sold off, the contractor usually

has no responsibility to fix errors that are discovered. Rather than have

an extensive formal demonstration, a warranty period imposed on the

contractor would quite likel y produce a better overall product. It would

I force more thorough Internal technical reviews and minimize the cost of

overall software maintenance.
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SECTION X

10.0 ATE CONSIDERATIONS

Automatic Test Equipment (ATE) design and testabili ty should be treated in
the same manner as the operational electronics it was designed/selected to

supp9rt. The ATE must be designed for versatility, reliability - and main-
• tainability. ATE hardware and software design considerations which impact

total operational life cycle costs are:

o ATE Standardization

o ATE Expandability

- 
o ATE Avai labili ty S

S o Human Factors

- o Documentation
‘S

10.1 ATE STANDARDIZATION S

The operational electronics level of repai r (LOR), discussed in Section II ,
conc luded that no single ATE could satisfy all testing requirements for medium

or large electronic systems. A suite of ATE wil l be required to sati sfy all

• testing requirements at the Operationa l, General Support , Depot and Factory
• levels. Each ATE subsystem should be selected with the maximum commona lity

S within cost constrai nts.

10.1.1 ATE LOR Considerat ions - 
-

At the Organ IzatIonal Level (0-Level), higher avai labi lity will be achieved

by expedIted fault Isolation and modular r.plac.m.nt using Bui lt-In-Test (BIT).
S 

POrtubl. ATE (contact testers) wou ld result In less ambiguity In 0-Level test-

ing and, In some cases, allow Isolation to the SRU level. The ATE at the

• x- 1
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Organizationa l Leve l should , therefore, depend on the Operationa l Electronics

MTTR requirements , inc luding the feasibility of 0-Leve l spore parts . At the

General Support Leve l (GS-Level), an ATE of ~oduIar desi gn using common

equi pment from an approved list will be configured for support of commodity S

oriented equipment , such as commu nicati ons -electroni cs , missi les and avionics .

Starting at the GS-Leve l , ATE commona lit y wit h the Depot and Factory Repair S

levels is a feasible and cost -effective goal . A common core tester , such as —

the AN/USM-410 OV should be selected for LRU and SRU testing at OS-Level.
Using MlL-STD- 1513 to predict ATE work load, a gi ven OS insta llati on can

be equipped wi th ATE augmented for RF, dig ita l or hybri d testing of both LRU’s

and SRU ’s. S

Whàn very complex LRU’s are tested at OS-Level, long tests times (run time)

should be avoided by better testabili ty and BIT to imp rove MTTR and reduce

the quantity of ATE at the site . Avai lable spore modules will determine the
S extent on- line module swapping wi ll be feasible to reduce the logisti c pipe-

line. Manual operations and adjustments in ATE testing decrease station

throug hput . LRU’s wit h excessi ve adjustments should be off—loaded to manual

testers or genera l purpose ATE designed to enhance operati on and adjustment

techniques.

• Depot Level ATE shou ld overlap the OS-Leve l desi gn , but include test capabili ty

of low failure LRU’s and SRU ’s to minimize the vendor repair requirements.

Work load predictions wi ll deter mine initial imp lementation. Future expansi on
S will depend on the ease of software develop ment which can be accomp lished

— 

usi ng local manpower . This require ment enhances the need for a common easi ly
• programmed language such as AT LAS.

The vendor repair leve l should contain the tightest to lerance test capability

and should be designed to electri call y simu late the Depot and GS-Leve l test
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interface . It s usuall y not feasib le to require the vendor to use the S

standard ATE.

10.1 .2 ATE Performance Characteri sti cs

Table A shows the performance characteristics of the AN/USM-410 ()V

S 
Equate tester and the expanded capabi lities wi th the augmente d RF and

- universa l switching modules. A comparison of these capabilities against

the operational electronics test requirements will deternilne the addi-
S tional test requirements which must be developed or supported with

additional support equipment. The natural tendancy in the past has -

S • been to purchase the vendor t s PGSE which runs up the life cycle casts

with additional documentati on and training and creates specialist s which

may not be utilized to a full time ass ignment . The ATE design should

lend itself to expansion to cover these situations0 On the other hand ,

an expensive computer operated tester should not be used when a simp le

vo lt-ohmmeter and a con tinui ty chart can do the job .

Most ATE consists of a basi c computer and peri pherals to control and

observe the testing of the UUT . The remaining two sections are the ATE

interface and the buildin g blocks . The building blocks (BB’s) are sig nal
S stimulus response monit oring equi pment , power supp lies and switching

which perform the testing that is processed by the computer . These BB ’s

• may be standard test equi pment or synthesizers such as thos e contained

in a third generati on ATE such as the AN/USM-410. In comparing the BB
- usage against the operational electr onics requiremen ts , som e BB ’s are not

required and should be eliminated unless the cost of eliminati on would be

prohibitive limit expansion capabi lities . Low usage BB’s can be bui lt into the

- 
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Interface Devi ce (ID) if cost effecti ve , thus keeping the basi c ATE costs down.

A soluti on to added test requirements and future expansi on capabi liti es is the
addition of a standard data bus interface to the ATE.

10. 1 .3 P~ogram Language

The standard program language should be ATLAS . It is an established language
which Is easily converted to ATE mac hine code. The ATE should have on—line
edit capability to reduce UUT integration costs. Safeguards should be included
to insure configurati on contro l of sof tware . The software should al low for the use
of Automati c Test R ogram Generati on (ATPG) such as LASAR and/or guided

probe. The software should be modular for easy expansion and documentation should
be includ ed in the programming manua l to assist the TPS engineer in develop ment
of new test programs.

10.1 .4 ATE Hardware Design

The ATE should be ruggedized , but not MIL standard to reduce costs. Human
factors should be a major consideration in the layout for efficient operation of
the UUT. The AN/USM-410 has a work surface for the UUT which enhances its S

uti lity. The documentati on should cross reference softwar e functions and interface 
S

pins for qui ck identification for the operator and the TPS designer.

— 

The ATE interface is the most critical cost Dem in the selecti on of test require- 
-

S ments. Some of the elements wh ch impact cost are:

S 
. 

-

o Dedi cated pins vs. universa l switching

o Performance characteristi cs vs universa l switching
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o Number of pins S S

o Interface connector desi gn and reliabili ty

- o LRU vs SRU interface requkemen ts

S Dedicated pins to the stimulus and response functions of the ATE generally result
in the need for a uni que interface device (ID) to route signals to the proper pins S

for each UUT. If testabili ty was a desi gn consideration in the development of
the operational electron ics , fewer connector typ es wi ll be required , resulting In S

some UUT’s shoring the same ID. If the ATE has universal swi tch ing so that ca~y
functi on can be connected to any interface pin , mu lti plexing of UUT’s on a

sing le ID wi ll great ly reduce producti qn and maintenance costs . The performance
trade—off when using universal switching is caused by distributed capacity and
other characteristi cs which degrade si gnal performance .

This trade—off is a greater concern in the case of LRU’s over the SRU ’s. Dedicated
high speed dig ita l RF signals , UUT power and low level measurement pins will be
require d in ATE systems with universal sw itching . S

Good testa bi lity require ments in the development of electronics will avoid added

S 
comp lexi ty in the ID’s . If si gnal conditioning is requi red , the cost of ID desi gn

and producti on costs is increased in the order of one to ten hours per pin. If , for
example, a system to be used has low leve l differential di gital logic instead of
the standard TTL , many buffers would be required and additional self test circuitry
wou ld further increase costs . A standard auxi liary interface device desig ned to
convert the non-standard log ic for up to six (6) LRU’s and provide control using

• 
the standard data bus to the ATE computer would provide a cost-effective design
for this situation. This approach would be advisable to increasing the ATE inter-
face requirements for SiX (6) LRU’ s or for each new non-standard situation.
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The number and desi gn of t he ATE interface pins is a major cost i tem . The
num ber of mating operation s may be as high as 5000 per year. A rugged design

which is easi ly repaired is desi rable. Wear-out adapters can be considered ,
but must not deg rade interface si gna l characteri stics . When the ATE interface
exceeds one hundred pins or has a large number of coaxial pins, the connector

costs increase exponentiall y. This is caused by the need to use a few pins on
each interface connector . Large quick disco nnect connectors are a viable S

S solution if standard interface auxi liary devices are designed for adapting special
cases to the ATE.

The interface requirements for LRU’ s and SRU ’s are quite different. LRU require-
ments in genera l require higher power , more acti ve dig ita l processing and more
mod ulati on techni qu es. SRU requirements need less power , more loads and
matc hing devices , require a lower pin count. Most ATE uti lize an auxi liary

S 
interface device to adapt t he device for SRU usage . Another approach is to
consider augmenting the ATE with table top digita l testers to support large
quantiti es of stati c digita l test for SRU’s. This alternati ve must be trade—off
wit h the use of bus controlled specialty testers whi ch can take advantage of the
ATE software system ’s fu ll capability inc luding automatic test program generation

(ATPG).

10.2 ATE EXPANDABILITY

Table B shows the predi cted expansion in ATE characteristics which will be

requi red in the next five and ten years . Existing ATE wi ll requi re that the
— com puter interface bus be connected to a standard instrumentation data bus to

provide expansion capabi lity for future growt h. Three recommended data buses

are:

MIL-STD-1397
MIL-STD-1553 or ~553A
IEEE STD 488
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WI th a standard data bus interface, the core ATE can be kept to a minimum

with special test requirements and expansion connected via the data bus to the

ATE computer. The same stand ard data bus can be used at the vendor repair

leve l to simulate Depot and GS interface requirements without the use of

the basic ATE. S

10,3 ATE AVAILABILITY

ATE Availabili ty is computed in the same manner as the UUT:

Avai labi lity = MTBF

S MTBF -I- MTTR .

High reliabi lity is essential . MTTR Includes ti me to detect , iso late and repair
the ATE. MTTR becomes more critical If only one ATE is located at the site.
MTTR for ATE can be minimized by acquiring test systems wi th self—check
(confidence test) and self—test (diagnost ics ) capabi lity . Self-check capabili ty
of ATE should be imp lemented by operator command without removal of any
elements of the system and should run automati call y in less than fifteen
minutes . In case of AT~/’UUT ambiguities, an interface sig nal wraparound

test, using a shorting plug should be included in the extended self-check
S test to eliminate the ATE as the source of error. Self-check should identi fy

the BB which has fai led and should be keyed to extended testing of the failed
BB using self-test .

Self—test should be possible w thout physically removing units from the ATE
S sys tem. Those elements of the ATE which will virtually down the system when

fai lures occur should have adequate spare modules to Insure a mInimum of one
-‘ 5 

hour turnaround In the repair cycle. ’ When practical, environmental specifica-

ti ons for ATE should be relaxed to permit use of commercially available,

ruggedized ATE systems.
x-7
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ATE support equi pment should be acquired wi th the ATE to provide rapid -

I repai r capabi lity of ATE modules at the site.

10,4 ATE HUMAN FACTORS S

ATE requirements should consider human factors as they impact stati on
S operating costs. Some considerations which the des ign must provide are : :

o Quic k setup/tear-down ti me

- o Optimized man-machin e interface for con trols, monitors, etc .

H o Easily operated cantr~ol instructions

o Effi cient wor k space for the unit under test (UUT)

o Built-in status monitorfng and emergency power shutdown
in case of catastrop hic faults

o Standard IMemonics to reduce operator errors between both
-: software and hardware

o Quic k recall of self—check (confidence) test capability

o Minimum uti lization of self—test (diagnostic test ) requi re-
ments to remove ATE equipment from the system for fault

S isolati on S

10.5 ATE DOCUMENTATION

ATE documentati on should be easi ly interp reted. The performance specifications -

- 

at the interface should be tabulated for quick reference . Internal performance
characteristics may be shown in reference, but should be clearly identified li

f there Is system degradation due to the interface. The most important feature S
I should be a single volume for programming and determining performance character-

Istics expended when devel oping test programs . This feature should relate directly
to the Test Requirement Documents (TRD’s) developed for each UUT.
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The quafl ty contro l provisions of the ATE specification should demonstrate
- 

full system performance during the first article testing and adequat. sampling
- 

S 
of critical tests for subsequent production accept ance tests for all ATE
systems.

( S I

j
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I FIGURE 10.1
r ATE CHECKLISL

Manufacturer 
___________________________________________

Nomenclature 
_________________________________________

Self—Test Copthi llty - End—To-End 
___________________ 

Diagnostic 
___________________

Run Time

MTBF 
___________________ 

MTTR

— D~~taI Analog H~~rid
Type Cost (K$) 

_ _ _ _ _ _ _ _ _ _ _ _ _

Computer Model No. 
_ _ _ _ _ _ _ _ _ _ _ _ _  

Manufacturer 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S 
Memory Size

S 
Compiler 

_______________  

Test Program 
_______________

Program Storage Medium

Magnetic Tape 
____________ 

Paper Tape 
____________ 

Dis k 
____________ 

Card 
____________

Other 
____________

S Test language 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

On—Un. Edit 
________________________

Interface

Type Quantity

S D.cflcat.d Stimulus 
__________ 

Measurement - -

Universal _ _ _ _

S 

— 
_________  
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ATE CIIECKUST (Cant ’d .. )

• Power Supplies

No. Voltage Range Current Resolution Accuracy 
S

Stimulus Sources

Type Quantity Range Resolution Accuracy

Measurement Capability

-~~ 
S 

- Type Range Resolution Accuracy
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TABLE A 
- 

S 

S

- FIGURE 10.2
- 

S AN/USM-410 ()V PERFORMANCE

STIMULUS

DC-Sl~iaI 2ea 0to + 6OV @ 4A

lea O to + 28V @ 5A

2ea 0 to + 36V @ 9*
lea O to + 36V @ 25*

lea 0to + 500V @ 0.4*

S 

lea O to+1000V @ 0.2*

DC-Standard 0-lli .IJ1VDC+0OO1V
S 

+0.OO3Wómo

AC-Power 0-I3OVRMS, 5OVA 1 or 3 phase
45-10KHZ

AC-SIgnal 20 VP-P into 50 OHM
Sinewave .015 to 6 MHZ

Squarewave .015 to 3 MHZ
Trlanglewave .015 to 3 MHZ
Sawtooth .O15to3MHZ
Complexwave .015 to 3 MHZ

Dual Pulse G.n.ratar 5O NS to 6S5.36 SEC

0-2O VP-P lnto 50 0HMS

Rise/Fall 25 NS to 0.5 SEC -

- 

S 

- Synchro 3 Wlre to l l .8 V RMS L-L @400 HZ

- 

0-360 DEC 0.02 Steps

RF Sourc. 6O KHZ-500 MHZ

DigItal 32 BIt Parallel Word G.n/~.c S
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TABLE A (Ccnt’d) -

MEASUREMENT S

DC Voltage and Ratio 100 UV to 200VDC,0.1%

AC RMS Voltage and RatIo 0 - 140 V RMS, 0.5% -4%

S S AC Psak Voltag. O-200 VP,0.5%-4%

Waveform Analysis DC - 300 MHZ, +4%

Frequency DC-500 MHZ

Period 100NS to 200 SEC

li me Interval (Dual Channel) - 20 NS to 2000 SEC

Rts. or Fall llme&Pulse Wldth 2O NS to 2000 SEC

Phas. Angle 0.2 HZ to 1O MHZ, + 180°

Synchro Angl. -0-360° ,0.2° -

lmp.dance 10 0HM to 100KMEGOHM , +4%

S Transfer FunctIon 0 - 175 V RMS, DC -20 MHZ, 0- 360°

Harmonic Dlstc,tlon 5O MV t0 J4O V RMS,+3%

S 
- Harmonic AnalysIs 2 HZ - 300 MHZ, - 40 DB, + 0.8 DB

X 13
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S TABLE A (Ccnt’d) 
- 

S . 
.

INTERFACE

S Dedicated Pins Stimulus and Responses (DIU)
Two Cøax Relays

32 Switches
F~ogammable Interface (PIU)

128 Input/Output PIns
128 Measurement Only Pins S

2 Aobes

RF SUBSYSTEM

Stimulus
S 

6O KHZ to 500 MHZ - 1 l 7 t o + J O DBM
500 MHZ to 18 GHZ - lO5 to + 5 DBM

AM and Pulse Modulation -

Measurement 
S

Power 10 MHZ to 18 0HZ - 35 DBM to + 30 DBM S

S Frequency 1O HZ to 18 0HZ
Spectrum Malysls 10 MHZ to 18 GHZ
AM & FM Demodulation
Complex Impedance 110 MHZ to 18 GHZ - 

S

- 
S VSWR or Reflection Coefficient 

S

Signal Processing

Att.nuatlan 0to l2lDB DC to 1 GHZ
0 io11O DB DC to I8 GHZ

Delay 1O NS to 1O MICROSEC

- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5_ - -
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TABLE B . 
S

FIGURE 10.3

FUTURE ATE REQUIREMENTS S

PARAMETER 5 Years 10 Years S

FREQUENCY 40 0HZ 100 GHZ

FREQ HOPPING 20 - 10 K 20 - 10 K
HOPS/SEC 

S 

HOPS/SEC

DIGITAL LOGIC . 100 MBPS 1 0BPS

DISTRIBUTED PROCESSING 
- 

MSI UI

OPTICAL/IR 30 MBPS - 100 MBPS

SEISMIC 
S 

0.1 - 1000HZ

S 
. O. 1- lOOg

-1

X-15



,,,.
~ ~5,~~~~~~~~’r

55
~ S

~~~~~~~

SECTION XI

11.0 CONFIGURATION MANAGEMENT

11 .1 CAPABILITIES

The Configuration Management System required for test programs requires
the classic techni ques of identifica tion , control and accounting. This
system defines the procedures, forms and data elements necessary to provid e
the foundation upon which effective configuration control is based . The
system delineates the overall requirements and prov ides a unifi ed approach
to configuration management. The “ system ” not only satisfies th. require-
ments of cont ractual obligations , but prov ides for any need of large-scale
system —typ e programs and further ensures a total support point of view .

11 .2 ORGANIZATION

The direction and coordinat ion of the effo rt described in this section is
the responsibility of the Configuration Manager, under the functiona l
direction of the Program Manager. The tasks required to comply with

-~ this procedure will be accomplished within the existing Project Organka-
flon structure by the Configuration Manager. The var ious function s such
as Engineering , Manufactur ing, Materia l , Support Services , and Quality
Assurance are coordinated by the Config uration Manager to assure compli ance.

. 11.3 ENGINEERING CHANGE CONTROL

There must be established a formal Configuration Control Board to maintain,
control -and evaluate changes to contractual technica l requirements; released
design, quality assurance, maintenance; and hardware to assure that such
changes are authorized and actuall y incorporat ed in any hardwa re deve loped ,

-

~ S 

I..., Interface Devices , ref lected in all affected data , and compliant with
S requirements. The Confi gurat ion Control Board is operated on a continuation

basis dur ing the development phas. of the program.
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11. 4 DRAWINGS - S

S Engineeri ng Drawi ngs required for the test program adapters should be
prepared in accordance wit h the require ments of MIL-D-1000, MIL—

-
, D-100, Form 3.

11 .5 SPECIFICAT ION AND ENGINEERINGDATA RELEASE

Engineering drawings , speci fications and standard s used to define the
configurati on of each article should be released for the purpose of
formally establishing an approved engineer ing document . The “release ”
is indicated by the data contro l release signature and date appearing on
the reproduced documents .

11 .6 CONFIGURATION MANAGEMENT OF SOFTWARE

For purposes of configuration management , computer software programs

are defined as a punched or magneti c deck of cards , tapes or other physica l
medium contai ning a sequence of instruct ions. Punched or magneti c card
decks and computer tapes for deliverable computer programs are delivered ,
accepted and managed as a Confi gurati on Item product .

11.7 SOFTWARE PROGRAM IDENTIFICATION

Identificati on of Computer Software Programs is as follows :

a. The band or case of each deck should be marked with
S - the part number of the deck and the design zicti v ty

code identific ation number .

b. The outside end of each compute r tape shou ld be marked
or punched for direct visual interp retation of its complete

Item ident i fic ation and part number and design act iv ity
code identification number. The same information should
appear on the tape ’s ree l and/or cannis ter .
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11.8 COMPUTER PROGRAM CONTROL

The aspects of the compute r program which are subject to confi guration
management are :

- a. The physica l form dime nsions , and materials of the
tape or card deck medium .

b. The actual sequence and content of the instruct ions
and data.

11 .9 ENGINEERING SOFTWARE CHANGE PROCESSING S

Changes to computer programs are processed for approva l in the same
manner as changes to drawings or hardwa re .

11 .10 SOFTWARE DOCUMENTATION

Ident ification of Softwa re Documentation - The followin g guidelines should
be used to identi fy and aid in contro l of all items:

S - a. Perforated Tape - The outside end of óach tape should be
punc hed with port number and revision lette r such that

direct visua l identification is readil y obtained . -

b. Card Decks - Boxes of card s should be clearl y marked
- with prop er part number and revision letter. Cards

within a box should be number ical ly sequenced so that
incomp lete decks can be detected .

c. Listings - Each page of the listi ng should be marked as
to proper part number and revision letter. Pages should

S be nume rica lly sequenced so that Incomp lete listi ngs can
— 

- . be detected.

d. Program Flow Dla~rams - Flow diagrams and user hand-
books should be maintained In the same manner as a hard- S

ware configuration drawing. The documents should contain
part numbers and proper revision letter and further contain
c ross reference to applicable computer program configurations.

S 
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