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This is a st udy of analog automatic test program generation’
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>f£ interrrédi ate tables, the test specifications, and the
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presented and eval uat ed.

SECURITY CLASSIFICATION OP THIS P*GZ(Wh*n Dmtm Enffd)



ABSTRACT
Final Report: Analog Automatic Test Program Generation using

NOPAL

This is a study of analog automatic test program generatic
performed in the context of the NOPAL system. The purpose of
the research undertaken was to use the NOPAL system to generate
ATLAS language programs to test analog circuit cards with the
EQUATE (AN/USM=-410) automatic test eguipment.

The software system is composed of top and bottom parts.
The top part generates nonprocedural test specification from trt
circuit description of an analog circuit. The bottom part
generates EQUATE ATLAS programs from nonprocedural specificatic

In this report both the top and the bottom parts of the
NOPAL system are used together to generate test programs to
diagnose and isolate single catastrophic failures on two
circuit cards taken from the AN/VRC-12 radio set. The complet
process of describing the circuit to the NOPAL system, generat]
of intermediate tables, the test specifications, and the ATLAS
programs are presented. Examples from EQUATE runs are presente

and evaluated.
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CHAPTER I

Introduction

This is a study of analog automatic test program
generation process performed in the context of the NOPAL
system. The purpose of the research undertaken was to use the
NOPAL system to generate programs in the ATLAS language to
test analog circuits using an automatic test equipment.

This software system is composed of top and bottom parts.
The top part relates to the generation of nonprocedural test
specifications from the description of an analog circuit.[l]
The bottom part relates to the generation of ATLAS programs
from a nonprocedural specificatioﬁ.[z] Both parts can be used
independently of each other. A list of relevant reports

and papers published by the NOPAL project is included in the
references.

The effectiveness of the NOPAL system was investigateqd
by taking two sSeparate approaches. In one case only the bottom
part was used to generate ATLAS programs to program the perform
tests on the AN/ARC-114 radio set. The description of the test
was taken directly from the depot maintenance work reqﬁiremen
documents and written by hand in the NOPAL specification langua

All tests were successfully conducted on the EQUATE test
equipment. The findings of this approach are presented in a

separate report. [3]



In the second case, both the top and the bottom
parts of the NOPAL system were enployed together to generate
prograns to diagnose and isolate failures on tw different
circuit cards taken from the AN VRC- 12 radio set. In this
report the conplete process of describing the circuit cards t
the NOPAL system generation of internediate tables, the test
specifications, and the ATLAS prograns are descri bed.

Finally exanples from actual ATE runs are presented and eval u.

The report is organized in six chapters. Chapter | is a]
the contents and organi zation of this report.

Chapter Il provides a description of our overall approaci
anal og automatic test program generation based on our past re;
and devel opnent activity. Sufficient detail is provided so a;
to obviate the need for frequent reference to the earlier tec]
publications and related docunentation

The nodelling of circuit conponenfs and ATE devices are
described in Chapter I1I1l. The variety of circuit conponents,
failure nodes, stimulus and neasurenent devices is limted to
those types utilized in the test program generation for the A
and A5100 circuit cards. A description of interfacing thege
circuit cards to the EQUATE is al so provided.

The conplete process of test program generation and
execution to diagnose and isolate single catastrophic
failures in the A2100 card is described in Chapter IV. A
description of the input supplied to the top part of the NPA
systemis followed by an overview of the tables generafed by

L] S . 1-2.-.."-



tne system, The specification of tests based on

these tables is also explained. Finally, the ATLAS program
generated from these tests is described and followed by
program execution results.

A description of test program generation for the AS5100
circuit is given in Chapter V. The organization of this chap
follows closely the previous chapter.

A summary of the findings of this research, success and
difficulty areas encountered in using NOPAL, and suggestions
for future research and improvements are given in the final
Chapter VI,

The appendix at the end contains the semiconductor
models in the circuit analysis language used in this work.

It can be used as reference to build models for other devices



CHAPTER II

An Overview of the NOPAL Approach To Analog Automatic Test
Program Generation

2.1 General Approach

This section provides a description of our overall
approach to analog automatic test program generation (AATPG)
based on our past research and development activity. Sufficie
detail is provided so as to obviate the need for frequent
refaerence to the earlier technical publications and related
documentation.

We have developed an AATPG system, called the NOPAL
system, whi¢h automatically generates programs in the ATLAS
test programming language to test and diagnose malfunctions
in analog electronic circuit boards. The system consists of
two distinct parts: a top-part which analyzes the circuit

diagram and determines the necessary tests, and a bottom-part

which analyzes the required tests and produces a program in
the RCA EQUATE ATLAS test language for use with the RCA AN/US)
automatic test equipment.

The top-part, the NOPAL language, and the bottom-part are
described in respective subsections below,

The application of computer technology to automated
testing of electronic circuits should suggest not only the use
of computers but also the employment of automatic programming
methodologies, The tasks of developing functional or fault
§iagnosis tests, and the programming of computer controlled
test equipment to perform these tests are strikingly similar

2-1



to software devel opnent tasks in nmany other areas of applicat
of computers. Recent research on automatic generation of
conputer prograns has been notivated by the high costs and
expertise needed for software devel opnent. These sane proble:
exist in automatic testing as well. The conplete automatic
performance of these tasks seens the only effective way to
reduce significantly the required costs and expertise. Qur
work to date applies automatic program generation nethods to
testing of analog electronic circuits. It consists of
structuring and incorporating the nethods of analysis of
electronic circuits and the nethods of conputer progranmm ng
within an automatic system naned NOPAL, which perforns the
software devel opnent for testing a specified circuit by conpu

controlled test equipnent.

Sof tware devel opnent is generally characterized as a

t hr ee- phase procedure consisting of (1) developnent of requir
ments, (2) developnent of a specification for each program
unit, and finally (3) developnent of each programin a high

| evel language, A simlar approach is generally used in
automati c program generation systens which consist of two par
(1) a top-part which accepts as input a statenent of problem
requi renents and produces, as an output, a program specificat

and (2) a bottom part which accepts, as input, the program

speci fication, and produces a programin a high |evel |anguag
This general approach has been adopted in NOPAL. The

top-part of NOPAL analyzes the circuit to be tested and produ

a specification of the needed set of tests (expressed in the

NOPAL | anguage)y The top-part is based primarily on know edg
2-2



of electronic circuits and systems. It is approximately
16,000 FORTRA& statements long. The bottom=-part performs
the computer programming task and produces a program in t
ATLAS test language. It is based primarily on programmir
knowledge.

As illustrated in Figure 2.1, information consistinc
of circuit diagrams, ciréuit layout and testing objective
is evaluated in the top-part. Necessary changes in the
design are indicated when testing cannot satisfy the regt
ments., If the design is satisfactory, the top-part of th
system can determine a complete set of functional and fau
isolation tests to be employed in fabrication and mainter
The bottom-part, consisting of approximately 18,000 lines
of PL/1 code, produces a corresponding ATLAS program that
is utilized in computer controlled automatic test equipme
which will test the unit under test (UUT) and produce aprg
diagnoses.

Each of these two parts is independent of the other
could be usefully employed by itself. The interface betw
the top and bottom'parts is a specification of tests expzx
in a language named NOPAL., Unlike ATLAS, NOPAL is not a

programming language. It is a specification language in

sense that it can be used only to describe individual tes
It does not have facilities for stating commands or for

sequencing the execution of tests. The top-part may be
by itself, where the user writes the test programs manual

based on the automatically produced test specifications,

2-3
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can also be specified in NOPAL manually in which case only
bottom=-part of the system is utilized to generate the ATLAS
Programs.

In the following, the top=-part is described first, anc
followed by a description of the bottom-part.

The NOPAL system described is oriented towards the RCZ
EQUATE ATLAS[4 ] test language and the associated complemer
of test equipment. However, the system incorporates featuz
that facilitate production of programs in other test pro-
gramming languages and different computer controlled test
equipment.

2.2 Design For Automatic Testing: The Top Part Of Nopal

The objective of the top-part of the system is to find
a small and effective set of tests for a UUT, and express i
in the NOPAL language. The process is illustrated in Figur
The input required for the user is shown on the left side
of Figure 2.2 and described in subsection 2.2.1. The
methodology and processes are shown at the center of Figure
and are described in section 2.3. The output reports are
shown on the right of Figure 2.2 and are described in
subsection 2.4. The NOPAL language, in which the tests are
specified, is described in subsection 2.5.

There are six input sections: (1) circuit descriptior
(2) accessible test terminals, (3) UUT failure definitions,
(4) fault isolation testing -objectives, (5) measurement

accuracy, and (6) initial conditions. The first input is
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id the remaining are optional. They are all inportant to understandi ng

te test design process.

Grcuit Description _of UUT: The test design is based on nodeling and

.mulation of the UUT under noninal and nal functioning conditions for deternini
| e synptons of conponent  fail ures. The anal ysis of the circuit in the top-par
i based on simulation of faults. The nodeling is bas;ed on the equivalent cir-
lit drawing of the UUT, The equivalent circuit may consist of resistors, capa
Ltors, inductors, mutual-inductances, voltage and current Sources, bi pol ar and
ST devices.  Accurate nodeling of the last two conponent types may be an invol
i sk, howev.er sufficient published data is available for popular types. Each
Lrcuit conponent is qgi ven a uni que nane, where first letter identifies the
jrrpohent type. The value of any elenment may be. defined by a nunerical constan
*ble, or mathematical expression. Conponent tolerances are specifiéd by
tating the ;raxi nmum per cent age deviation fromthe nomnal value. Each circuit
Dde is ..assigned a nane. Qurrent flow directi on and sour ce polarities are al so
adi cated. The status of nechanical switches or potentioneters are treated as
ifferent initial conditions of the system The description of an equival ent
ircuit follows conventions used in Corrp.ut er Aided Grcuit Analysis (OAM) pr o-

rans. \¥ use the NAP 2 CANA programand follow'its conventi ons,"-S’;

Availability of Test Terminals: Any of the circuit nodes may be used for

ttaching test devices. However, the user nmay restrict the class of termnal s
vailable for testing to external contacts on the circuit board. Manual probe
ontact points nay al so be specified.

Failure Definition: The objective of testing is to discover the conponeni

f the WIT that have failed in a manner defined by the user. Since failure is

- . - e dneat nied am Parim v Ammmamantr T s mamdmal valne mavy ha deeclar
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* the user to be a failure. Failure definitions may include topological chang
ch as the removal or addition of a compoment. Typically catastrophic.(open

d short circuit) and out—of-colerance'failures are most common. To ease the
sks of input preparation, individual catastrophic failures are iﬁcluded autom
;ally and the user has to declare only the remaining failure definitions (i.e.
Ltiple component failures) as changes to the nominal circuit description. The
nber of tests that are required is related to the number of failures. Testing
agnose a large number of potential faults may be extremely time consuming_ﬁng.
1isive. The user can compromise between cost and quality by restricting :he:‘
st objectives to discover only the - more likely or most harmful failures.

Fault Isolation Test Objectives: To reduce the number of tests and lower

sting costs, the user may wish to accept tests which will sometimes not locat
failure in a specific component, but in a small group of components. The

ilure isolation requirement is expressed in stateme&ts denoting that PkZ of t!
tél number of possible faiiures may be located in ambiguous classes consistin

k or less components. P's are cumulative percentages, therefore Pkl < sz-

and ky < ky==-k .

1

Measurement Accuracy: Three types of accuracy may be specified (1) minimur

asurement threshold, (2) percentage inaccuracy of the measurement, (3) number
significant digits of the measured value. The default values are 0.1% measu:
nt scale inaccuracy and four significant digits in the meter readings. All
its are ir MKS.

Initial Conditions: A final optional input section specifies also the

itial conditions of the UUT to speed the computer solution.

METHODOLOGY AND PROCESS OF TEST DESIGN

As shown in Figure2.2 the first component of the process (Pl) creates a

ilure dictionary data base fer the UUT, based on the UUT circuit and failure



scription supplied in the input. A .
The next component (P2) generates candidate stimuli and measurements for
sts using the three strategies described below, one at a time. First, small

lfage stimuli (d.c. or a.c., depending on the type of components involved) ar

anected to connecting - points of the UUT, with the objective of measuring

pedances at the connection points. This is referred to as the cold=-circuit
rategy. Next, the UUT is powereﬁ with tﬁe:nominAlly_sﬁécifiéd d.c. power sou:
d voltage and current measurements are conducted at the available nodes. Thi:
rategy is referred to as a d.c.-nominal. Finally, an a.c. signal is applied
put connecting points and user specified tests are conducted. This strategy :
ferred to as a.c.-signal. The system design process provides for addition of
re test strategies in the future. These straéegies are all employed one at a
me in the above order.

Next in.(PB), the ci;cuit behavior is simulated with the abgve stimulus
plied, with the components having nominal values aﬁd with the components havi:
ilure conditions enumerated in the failure dictionary, one at a time. The
nsitivity of the circuit response due to tolerances is élso determined for
ch case. A CANA program, NAP2 has been selected to perform the simulation
sed on considerations of economy of computer usage costs. The simulétion
oduces, for the nominal case and for each failure, ranges of measurable phys-
al gntities (v&ltage, current, phase etc.,) observed at comnecting points.

In the 4th component (P&), each range to be verified by a measurement %s'
ecified in an assertion. These assertions, together with information on ﬁ%e
sociated connecting points for the stimulus'and measurement and on the associ

1ilures are inserted into a Failure Symptom Table. This is further discussed

Based on this information, it is possible (in PS5 and P6 of Figure 2.2) ..

- 2=9
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rify if the tests formulated so far meet the ambiguity reQuirement statements
t forth in the input. If testing objectives are still not met, the nexé
rategy is employed, new tests are examined anﬁ the circuit is simulated until
> above criterion is met, or until all three test strategies have been exhaus!
_._When it is determined that the ambiguity levels of fault isolation are sat:
ad, the P7 component (see Figure 2.2) is initiated. The purpose of Process P7
to reduce the number of tests to be performed without loss of fault diagnosi:
1 isolation capability. There are three optimization steps. First, the total
nber of test setups is minimized since setup for a Feét consumes the longest
ne in actual testing. Second, the available assertions of the remaining tests
> further reduced. Finally, diagnosis selection logic statementé are found
:h that only th; minimum number of tests in the remaining set are performed tc
agnose and isolate each failure or group of equivalent failures.

The first two considerations are attained by the ;ame algorithm. The

yrcach is to create a fault isolation tree. Figure 2.3 illustrates the constr

m of such a tree. The top of Figure 2.3 shows the relation of five tests to
re failures. The tasts are listed in respective rows. Each test specificatic
1sists of three parts, the stimulus, the measurement and the assertion that
fines the upper and lower limits. These three pérts are identified by numeral
r brevity. Thus for instance: 1.2.3. means the combination of the first stim
5, second measurement and third assertion. The failures corraspond to respect
vs at the cop_right of Figure 2.3.They are identified by numerals 1 to 5. The
rrix consists of "1" in positions where a test may identify a corresponding
ilure, and "0" in the other positions.

The nodes of the fault isolation tree at the bottom of Figure2.3 represent

2 failures as determined By the outcomes of tests. The branches coming out of
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FAILURE IDENTIFICATION
. 123 4 5
STIMULUS MEASURED!? ASSERTION ~ ' I

1 1 1 _ 10100
1 1 - 2 0 10 10
- " 1 3 5 - 00 0 01
B ) 1~ 1 jtrio 01
- o 1 2 . L.o_o_ 1.1 0}

. ‘_,__Hoot node contains all p053| bI e failures
- : ' Owcmmsof1bm 1*1
- - é—/‘mes branch is selected if

: Klassertlon number 3 eval uat es
\fiotrue.

Hext |evel *in depth st
how the out cone of
Test 1.1 partitions th
failures into equivale
cl asses

f#The | eaves of the
tree are the final
fault isolation

‘ resul ts*

FIGURE 2.3 payr, T | SOLATI ON TREE | LLUSTRATI NG OPTI M ZATI ON OF
TEST SETUPS AND ASSERTI ONS -
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ach node are labelled by assertions associated with a test setup. Each brand
inks to a lower level node containing a disjoint subset of the failures presei
n the parent node.

The | eaves of the tree represent the equival ence classes of failures aftei

est_i ng is finished. Therefore, the |eaves of.the tree indicate the final fau:

..

_soliati on achieved. Any one of the failure nodes included in each |eaf may be
he possi bl e cause of the_fai lure of a UJT.

There are many Ways to create this tree. The approach taken here is to
reate a balanced tree with respect to the nunber of failures included in each
ode; that is, the test at each level is selected so that nearly equal nunber c
ailure nodes are isolated at each node of the next depth.

The fault'-isz)lation tree is created as foll ows: .
e Initialization: Place the nanmes of all the fail ure nodes of the failure

dictionary into the root node.
. Determne which test will be used to define the branches out of the root nc
The first test setup to be accepted is the one' t_hat yi el ds the -highest enti

(information content). The.entropy is defined as:
= n H i
H(Ti) 51-1 P:l.j Log ?ij : P_ij - —iblf
k':.; is the nunber of failure nodes di égnosed in the jth equival ence class
determned by the outcone of test T(i' A node can fanout to mnew nodes
where mis the nunber of assertions of that test setup.
. Find the smaller equival ence classes: Using the diagnosis of the test whic
yi el ds the highest entropy, construct the distince equival ence classes (noc

at the next depth of the tree and | abel the branches comng fromeach of tl

upper |evel nodes to the.lower |evel nodes.
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Find thé next test with the highest entropf: Given the equiQalence classes
found in Step 3, find the next test which gives the highest entropy. .This ¢
tropy is calculated as defined in Steﬁ 2. 1If there are several tests which
give the same entropy, then accept the test which has the lowest average

" measurement sensitivity.

“Check for termination: If the entropy has not increased or all tests have t
utilized, then "best'" fault isolation possible is reached, therefore, termin
Otherwise, repeat starting from Step 3.

The fault isolation tree can then be used to minimize first the number of
3t setups, then the number of assertions. Next the effect of conjunctioné and
sjunctions of passing and failing tests is analyzed to improve fault isolation
1 reduce thé number of tests. Redundant tests are then deleted. Finally the
\imum number of tests and assertions are joined to select the diagnosis. Deta
these algorithms are given in [i].

The last component <howvn in Figqure 2 produces these tests in NOPAL syntax.

REPORTS GENERATED DURING W£SY DESIGN

The reports produced by the top-part, shbwn in Figure 3,2, give a step by s
sture of the progress of circuit analysis and test design. This reporting giv
» user sufficient information in order to overcome a variety of problems that
r arise. Some of these reports are only briefly described below as they are
1igthy and their understanding would require a detailed explanation of the syst
.ch is beyond the scope and space of this paper. |

Failure Dictionarvy: As noted, the failure dictionary consists of the

:astrophic failures of the individual components of the circuit and any other
.lure modes specified by the user. This report is in the form of a table. Th
a row in the table for each failure mode. Thé columns give: an identificati
iber, failure type (open, short, etc.); the nodes of the component.in the cir-

.t diagram, whether the failure is due to a topological change or due to a



ange in value of a component, the threshold value of the component which indi
e failure, the model used to simulate the component and a relative inde& of
celihood of this failure.

Circuit Analvsis OQutput: This is a data base consisting of the unmodified

tputs of the NAP2 system for each simulation of the circuit.

Stimulus, Measurement-region and Failure Tables: This is a series of tabl

ich show the tests initially selected and progressively those retained or con
ted in the test optimization process, as well as the basis for deletion of ot

sts.

Ambiguity Report: An elementary group of failures where it is not possibl
distinguish further between the individual (or subgroups of) failures is ref

as an equivalent class of failures. This report is in a form of a table wit!

row for each equivalent class. The columns consist of an identification numb
e number of failures (referred to as the ambiguity), the percentage of the to
mber of failures, a cumulative percentage, and a list of the -component names

d their failure functions constituting the equivalence class.

NOPAL Test Specification: This report constitutes the‘final documentation

the test requirements. The NOPAL test specification itself.is shown and ex-

ained in the next section. In addition there are several summary reports.

> INTERMEDIATE LANGUAGE - NOPAL

NOPAL specification statements can appear in any order (due to its non-
scedural nature). Yet, for organization purposes we will consider the tes

ecification as divided into the UUT, ATE and Test-Module Sections. Below,

e NOPAL specification has been generated automatically by the top-part. We
te that the NOPAL language is also easy to use when specifying tests manually.

UUT Specification: consists of two parts, component-failures and test-ter:
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ATE Spécification: ATE related information, which is néeded to verify th

est Mdules and the WJT specifications, is organized in tw sections: (1f ATE
onnecting points, which are connected to the matching UWJUT connectors, and

2) ATE functions, which specify evaluation of paraneters involving stimlus

i d neasurenent devices. Purely conputational'functions may al so be used and
Lsted here.

VW have allowed the user to define functions, which are high |evel opera-
ions involving application of stinﬁli, neasur emrent s and conputations. These
unctions are sihilar in concept to the use of functions in PL/1. The user w!
Iso be required to specify for each function a procedure in the object |anguaj
f the system (in this case EQUATE ATLAS) utilizing the equipnent of the objeci
TE unit. These procedures will be further discussed.

Test_Module Specification: This section includes a collection of 1) test

)dul es. 2) diagnoses and 3) nessages. The test-nodul es specification is the <
f the NCPAL specification. Each test nodule is specified independently of ' th<
thers  t hereby individual test nodul es can be nodifi ed, del eted, or added
ithout affecting the rest of the test nodul es.

The subparts of each test nodule (in addition to the test modul e | abel) a:

1) the stimili that need to be applied to the UUT ét test tine, (2) the neasu-

ents that need to be nade with the conparison |imts that will determne the
assing or failing of a test, (3) the 155342 that selects di agnoses based on th<
esults,.and (4) diagnoses. These four parts are described bel ow.

Each test starts with the identification |abel of the test. The stinul

nd neasurenents are defined by conjunctions, which specify the devices that m

e applied simultaneously. Each device in a conjunction is specified by a trii
hich consists of: 1) the termnals where the device nust be connected, 2) a ti

elation and 3) the function name (that refers to the device) and the val ues o
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iriable names of the parameters of the function.

Next the assertions specify relations between variables of the teSCS;
;ing algebraic and locigal notation in general use.

Finally the logic part of the specification shows the rules for selecting
* diagnoses based on the outcome of the test, using notation which implements
ult isolation tree described in Section 2. 3.

© AUTOMATIC PROGRAM PRODUCTION: THE BOTTOM-PART OF NOPAL

Figure 2.4 illustrates the components of the automatic vrogram production
. the NOPAL system. The inputs are test specifications written in NOPAL.‘I]-,f]

The first component in Figure 2.4 performs syntax analysis of the test spec

.cation. Also, the test specification is encoded and stored in a simulated as
iciative memory to facilitate later processing. Syntactiéél errors and docume
ition consisting of a specification listing and several cross reference report
irmatted for easy readability, are produced. .This comgonent is not describ;d
rther here.

The second component incorporates an engineering knowledge-base which is 1
itermine and optimize the'sequence of e#ecution. In the coﬁrse of analysis,
e system produces various additional reports including errcor/warnings of dete
.consistencies, fault locating summary, and a flowchart showing the test execu
on sequence. This component incorporates some novel methods and is described
rther below in section 2.7,

The third component generates é test program in EQUATE ATLAS aécepcable Eo
. RCA AN/USM-410 series ATE. It is briefly reviewed in section 2.8 The obje:
ogram needs to be compiled by the EQUATE ATLAS compiler, and then it will be
ady to test the given class of UUT's.
.7 .TEST SEQUENCTNG AND OPTIMIZATION

The automatic sequencing and optimization process is further discussed



MANUALLY - GENERATED BY
PREPARED . _ FAULT SIMULATION

TEST MODULES'.

t. STIMULI
2. MEASUREMENTS
. 3.LOocIC

4. DIAGNOSES

‘L

TEST'LISTING,

. SYNTAX ANALYSIS -—£>CROSS REFERENCING,
SYNTAX ERRORS.

v

. SPEC. CONSISTENCY,
TEST SEQUENCING —I5.FAULT LOCATING SUM.,
. PRECEDENCE MATRIX.

¥

PROGRAM LISTING IN
OBJECT HIGH LEVEL
TEST PROGRAM ENCODING p==-£>TEST LANGUAGE

OBJECT ATE -
PROGRAM s

FIGURE 2.4  COMPONENTS OF AUTOMATIC PROCRAH -~ - = .
CENERATINC SYSTEM . ... .. . e
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.
elow because of its importance and novelty. The NOPAL system automatically
ptimizes intra-test and inter-test execution sequences and generates control
ogic for dynamically evaluating the conditions that determine the progress of
he testing and selection of the next test. The process of determining the
éqaencing congists of considering the test modules and their subcomponents as
ntegral units represented by nodes in a directed graph. The specification is

nalyzed to determine precedence relationships between test modules or their

ubcomponents. These precedence relationships are represented By directed
dges in a directed graph. A precedence relationship means that one node must
recede the other at execution time of the object test program. One node is a
redecessor of the other, which is the successor. Six major inter-test preced
elationships are briefly explained in the following.

(1) Data determinacy incorporates the principle that data or variables m

e evaluated before they can be used. The generation of data by a predecessor
odule is recognized by the declaration of a TARGET variable. A successor

est module references the same variable, declared as SOURCE.

(2) Interactiveness relationships are dictated by the need to exchange

essages interactively with the ATE operator.

(3) Component protection is based on the concept that non~destructive

esting can be achieved if a critical component is tested before other com-
onents which depend on it for their normal operation. Furthermore, the failu:
£ such a critical component will prohibit the performance of any test which h:

rotected components.

(4) Fault-isolation strategy schedules tests in a cop-ddwn fashion using

omponent subset relaéionships. The more generic fault isolation tests are pe:
ormed first. The lower level, more specific tests are then executed or skippe
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pending upon whether the failure is detected at the top level. (similar in c

:pt to the tree in Figure 2.3.

(5) Stimuli application is concerned with efficient application of stimul

: is based on the assumption that application of stimuli is most time consumir

:nce it is advisable to conduct all the possible tests once a stimulus is appl

(6) Failure likelihood uses the idea that efficigncy is obtained by first
isting those components which are more likely to fail. Information is extract
rom the failure index field in the UUT Component Failures specification.

Bésed on ﬁhe graph, the consistency, completeness, ambiguity and feasibili
* the test specifications may be checked. Possible cycles in the directed gra
iply errors. They are detected and reported to the user. Finally all nodes. a
‘dered in proper execution sequence defining a flowchart of the program.

This phase of the'systeﬁ produces two flowcharts showing the order of the
. the object prégram. The inter-test flowchart report shows the sequence of e
.thin each test module. The intra-test flowchart report shows the overall exe
.on sequence of the test modules.

8 ATLAS CODE GENERATION

Thé object program may be viewed as constructed in‘three levels. The two
)p levels are generated automatically. The first level is the global program.
. consists of the data declarations followed by calls on procedures for perfor
ng the respective test. It is based on the inter-test flowchart report gener
\ the test sequencing phase. Each test is followed by the lcgic to détermine
lection of the next test based on the result (passing or failing) of the
evious tests. | |

The second level consists of procedures for each one of the test modules.
lese procedures are based on regpective intra-test flowchart reports geﬁera;ed
1 the previous test sequencing phase. Because of limited space these more

ngthy procedures are not shown here.



To enmploy the stimuli and nmeasurenent devices, the test procedures
include calls on the |ower |evel procedures thét correspond to the functions
whi ch were specified at the ATE Function section of the NOPAL specificatione
These procedures are witten nmanually and placed in the Function Library of
NOPAL,

The intent of automatic programgeneration is to keep the user away
from the object programm ng | anguage. The users of NOPAL need not even -
read the ATLAS code generated. However for system debuggi ng purposes this
code may be easily read and understood. By selecting the proper options
at the time NOPAL is invoked, an ATLAS programw th full program execution
trace can be generated. |In this node, the ATE prints the procedures invoked
steps executed, variables conputed, and the state of the diagnosis selection
process. This node of operation greatly enhances the user's confidence

level in using such automatically generated prograns.

It was founid desirable to incorporate in NOPAL various facil
that would facilitate its wider use. There is a need for tw types of
capabilities: first to produce test prograns in a variety of high |evel test
| anguages, and second to incorporate in the produced programs use of stimulus
and measuring devices that are available in the automatic test equipnent to
whi ch the produced prograns are oriented. The facilities to attain these two
capabilities in NOPAL are as foll ows:

(1) Al except one on the NOPAL system conponents are independent of the
obj ect high level test |anguage in which the prograns are to be produced. The
only conponent of the systemthat is dependent on the test progranm ng |anguage
is the Code Generation conponent shown at the bottom of Figure 2.4. Furtherno

this component incorporates tables which translate the entries in the flowchar
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(produced by the Test Sequencing component shown in Figure 2.4), into
respective test programming language statements. To produce programs in

a language other than the EQUATE ATLAS, it would be necessary only to
modify the Code Generation component of the system. It is anticipated that
the modifications required would not be very difficult due to the tabular
structures in this component.

(2) As already noted in the discussion of the NOPAL language, the
NOPAL specification has an ATE section where stimulus’and measurement device
that are to be utilized may be described. The NOPAL system includes a
library of routines, in the object test programming language, which correspo
to the devices specified in the ATE section of the NCPAL specification.

Thus expected use of additional or different devices may be incorporated in
the program by entering in the library of the NOPAL system appropriate routi
for these devices. This feafure also allows for further enhancement by use
in the NOPAL specification of very high level and complex devices, which in
fact require a simplified model comprised of a number of lower level real

devices to perform the equivalent function. This capability allows the use

of higher level statements, thereby saving much labor by the user.



CHAPTER III
Modelling of Circuit Components and ATE Devices
3.1 Semiconductor modelling

The NOPAL approach to fault diagnosis and isolation is
based on simulation of the circuit to be tested with its
components in the nominal and failed .modes. The stimulus
and measurement functions (effectively ATE devices) are included
in the simulation. In some cases the signals between the
circuit and test equipment pass thougH aﬁ interface device.

If this is the case, a circuit equivalent description of the
interdonnecting device is included in the simulation. The models
used in the simulations are described in this chapter.

In Section 1 of this chapter, modelling of the semiconductor
devices in the NAP2 circuit analysis language is described. The
semiconductor device types are limited only to those found on
the A2100 and AS5100 circuit cards. 1In Section 2 models qf other
circuit compenents and equivalent circuit diagrams of single
component failures are described. The modelling of ATE stimulus
and measurement devices are described in Section 3. The variety
of stimulus measurement device models presented in this chapter
is lim?ted to those devices of the EQUATE used in testing the
A2100 and AS5100 circuit cards. The ATE~UUT interconnecting devic
for the above cards is described in Section 4.

A, Diode Model

Because of the non-linear V-I characteristics of the diode,

correct analysis of a circuit containing diodes becomes criticall

dependent on the definition of diode characteristics. Specifyinc



the model accurately is the most important part of the ana
In circuit analysis programs several different diode m
are used. The built-in model of a diode in NAP2 (Nonlinear

Analysis Program) is shown in Figure 3.1.
(CD

A c A c
oS s I |
(®> ™~ L-@—J

D0

-
-— -

=

Figure 3.1 NAP2 Built-In Diode Model

NAP2 diode model characteristic is extended linearly
when VDX 0, and when the dynamic conductance GD>GS., GS may
be specified by the user. The equations for the current ID
the charge on capacitor CD, which is QD, are defined in the
non-linear region as follows

Ip = Is5( exp(VO/NT) -1)

VD
QD= ;ID +-j C.D/ (1—(\//4;))“/ AV
o

The variables in the above equation are as follows:
ID: Diode current source

@D: Charge across capacitor CD

Is: Diode reverse saturation current



VD: Vol t age across di ode

VT: Constant in the capacitor equation of diode
¢ . Junction potenti al
Y : Exponent in capacitor equation

Tt: Transition tine constant of the diode

CJ: Zero bias junction capacitance

GS:  Maxi num dynam ¢ conduct ance

The built-in diode nodel is referenced in NAP2 circuit descript
| anguage as foll ows:
Txxx Pnode Nnode LI STNAME
LIST NAME is a reference to a previously defined paraneter |ist
for the di ode:
LI ST NAVE /DI ODE/ 1S value VT value TT value CJ val ue >
FI value CGA value GS value
‘val ue! can be constant or functional.
Even though the NAP2 di ode nodel has reasonable |evel of
accuracy, there are sone disadvantages in using this nodel.
The di sadvant ages are:
(1) The diode current IDis non-linear only ina small
range of the forward biased region. Qutside this area
linearity is assuned. This nbdel Becones inadequate when
the circuit has failures which may result in high current

| evel s.
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(2) The parameter list for the built-in model of dio
is not directly available in the semiconductor data
manuals. The user has to solve lengthy equations usi

the data given in the semiconductor data manuals to o

the parameter list of built-in model.

Because of the abové disadvantages and linearization ¢
built-in diode model of NAP2, the SCEPTRE diode model is a
and a corresponding NAP2 modsl is developed. A large amou
of published SCEPTRE models are available for commonly use:s
diodes [5 ].

The SCEPTRE diode model developed in the NAP2 circuit
description language is described below. This model shown
Figure 3.2 is known as the EBERS-MOLL model. The device p.

given in SCEPTRE model publication are used in this model

co

RB

i VCD—>

Figure 3.2 SCEPTRE Ebers-Moll Diode Model



The equation of the model are as follows:

VCD/
ID - IS g A -3)
= oo N+ KD(ID+IS)
{¢$=~VCD)
CD = The sum of the diode transition and diffusion capacitances
wher e

Qo (<J> -VCD)n » Transition capacitance * CJ, and
KD(I D+1'S) « Diffusion capacitance
ID « Dependent Current generator repfesenting the diode junctic
current. The generator is a function of voltage VCD

IS » Diode reverse saturation current

*

RB Di ode bul k resistance

VT » Co.nstant of the diode equation (volts)

CO = Constant of the transistion capacitance equation
(farads)
9 * Junction contact potential (volts)

n » Junction grading constant
KD =* Diffusion capacitance const ant

» 1 | (VT*2*3.14*F)

F * Frequency parameter
VCD = Voltage across capacitor CD, which is equal to the diode
junction voltage (volts)

The model of the diode model is illustrated for diode |N64

in both SCEPTRE and NAP2 circuit description |anguage. (See

Figures 3.3 and 3.4).

3-5



MODEL 1N645 (PERM . (A-K)

SUPPLIED BY DAVID M HAR3TAD, SANDI A CORPORATI ON
SANDI A BASE, ALBUQUERQUE, NEW MEXI CO 37115

EBERS- MOLL DI ODE MODEL

UNI TS- M LLI AMPS- VOLT5- KOHVS- PF- M CROHENRY- NANCSEC
THE VALUES |IN THE EQUATION FOR CT CORRESPOND TO THE
PARAMETERS SHOMN 8ELOW :

1) CO : CONSTANT OF THE TRANSI TI ON CAPACI TANCE EQUATI ON
2) <p : JUNCTI ON CONTACT POTENTI AL (VOLTS)
3) VCD : VOLTAGE ACROSS CAPACITOR CD, WHICH IS
EQUAL TO THS DI ODE JUNCTI ON VOLTAGE( VOLTS)
4) N : JUNCTI ON GRADI NG CONSTANT
- 5) KD : DIFFUSI ON CAPACI TANCE CONSTANT (PFQ MA)
6) JD : CURRENT GENERATOR REPRESENTI NG THE DI ODE
JUNCTI ON  CURRENT.
7) IS : DI ODE SATURATI ON CURRENT

THE VALUES Itf THE DI ODE EQUATI ON CORRESPOND
TO THE PARAMETERS BELOW
1) IS :+ DI ODE SATURATI ON CURRENT

2) © :
ELEVENTS CONSTANT OP DI ODE EQUATI ON

CT, 1-K = @ ( 0.103E 02, 0.364E 00, VCT, 0.577E 00,
~ 0.125E 06, JD, 0.206)

R3, Al = 0.532E-03 |

RC, 1-K = 0.123E 09 :

JD, 1-K = DI ODE EQUATION (0.251E-06, 0.261E 02)

FUNCTI ONS -

01 (A B ¢ D E F, G ¢« ((AABSIB-Q**D)+E*{F+Q)

Figure 3.3 SCEPTRE D ode Mdel for 1N645



*[LIB2 DINS4S +
tinternal node 1 is the anode

tsinternal node 3

is- the cathode

CURGEN/EX?/ A -0,.,25.00E-C9 B 0.25100E-09 >

D 0.38314E-01 L -2.00 U 0.10
CDIF / / B 0.125008-03 C -C.25100E-09

CTRAN / / B 0,10800E-10 C 0.86 D -1 E -0.57700

RS
ID
CcT
CD
RB
>

1 2 0.12300E 09

1 2 1*CURGEN(VID)
1 2 1*CTRAN(VID)
1 2 1*CDIF(IID)

2 3 0.53200E-03

Figure 3.4

NAP2 Diode Model For IN645



B. Zener Diode Model

Typical V-I characteristics of a low Vvoltage reference
zener are shown in Figure 3.5. Note that the forward

characteristic is similar to that of the regular p-n junction

diode.

(a) Breakdown (Zener) diode

AJz2 (mA)
Nz ' .
3 [y ) X ' » .‘ - Vz vy

(b) Typical V-I characteristics

Figure 3.5 2Zener Diode Characteristics

The reverse characteristic shows a breakdown voltage,

Vz, which is independent of the diode current. A wide range

of zener diodes are commercially available; values from 2 to

200 volts, with power ratings from a fraction of a watt to 100

watts, are common. It should be pointed out, however, that



changes in tenperature generally cause a change in the zener
reference voltage. The typical tenperature coefficient of the
zener diode is specified by the manufacturer. For exanple, the
tenperature coefficient for zener diode |IN7/52A varies from -1
to 1.5 M/ °C

NAP2 does not have a built-in nodel for the zener di ode.
The zener diode is nodelled by connecting an additiona
reverse current generator, |z, parallel to the forward current
generator, 1d, in the diode nodel. |Z is defined wwth a

table. The NAP2 zener diode nodel is shown in Figures 3.6 and 3

@,
S

3

fw

L%

¢

Figure 3.6. Zener D ode Mde
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*LIB2 Z1IN7S52A +
CURGEN/EXP/ A -0,125E-10 3 0.125E-10 >

=-1.0 -8.0 >
-0.8 -0.5 >
-0.6 -0.05 >

-0.5 -0.2E-02 >
-0.48 -0.1E-08 >
0.0 0.1E-08 >
1.0 0.1E-05 >
4.9 0.1E-05 >
5.28 0.18-02 >
5.34 .02 >

5.41 .05

CDIF/ / B 0.31E=-05 C -0.1252-10
CTRAN/

RS
ID
1z
cr
CD
RB
>

NN N -

W= NN

/ S 0.333E-09 C 0.75 >
D -1.0 E -0.5

0.1E7

1*CURGEN(VID)

1*ZENCUR(VIZ)

1*CTRAN(VID)

1*COIF(VID)

11

Figure 3.7 NAP2 Zener Model For IN752A



C. BIPOLAR JUNCTION TRANSISTOR MODEL

A bipolar junction transistor may be described in terms
of two diodes coupled back-to-back. This is not unexpected
since a transistor is manufactured by forming two p-n juncti«
back-to-back. The base region, which is common to both, pro
the coupling. The model developed using the above concept is
called the EBERS-MOLL model [ 5 J. The built-in model of tI
bipolar junction transistor used in the NAP2 circuit analysi:
program is shown in Figure 3.8.

The transistor model in NAP2 is the large signal EBERS-!
model with non-linear capacitors which represent the charge
storage effects of the junctions. The n-p-n model is shown 1!

with its characteristic equations,

LC
- - +
Vee QPIBC—LQ&:, -l _Qec, X TEE
.1 T
g a, Vee
Vie @Pne QRE, AegIE
E

—)

QBe,

)
)

Figure 3.8 NAP2 Built-In Bipolar Junction
Transistor Model (NPN)



The equationswhich govern the BJT model are as follows

VBE/VT
IBE = IS * ( e - 1)
vBc,/ (NV*VT)
IBC = NI * IS * ( e -1
VBE
QBE1 = C_ .__Ez_v_
J (1-v )
o ¢
QBE2 = o_ * 7 * IBE
F F
VBC
QBCl = ch~ dv
o (1= )
¢
QBC2 = a * Y+ 1BC
R R

The parameters are defined in Table 3.1.



FE—— bormmame +- ' +

| SYMBOL 1 NAP2 1 DEFAULT |
I 1 1 DESCRI PTI ON. | VALUE |
| omomm oo fommmne e S e !
I --------- S CHN— - .?(.--.—__-.—:“—_.T_‘..._———_‘_T————————_.———r o o o o - - I
1 is 1 IS 1 Base-Enmitter Saturation 1 1E- 13l
| 1 1 current i
| emmaeane— T ————— I ———t - g —————————— |
| VT 1 VI % Constant in the base | 0.025 |
I 1 ! emtter diode current |
I 1 1 equation |
T e :
I NI 1 N 1IN*IS is the base collector | 1 |
I 1 1 saturation current ! [
| eweeewwaa o T———— e ———— I
I NV 1 NW 1 NwWVT is the constant in ! 1 |
i 1 1 the base-collector diode ! }
I -1 1 current equation I !
e N T ————— - ;
f 1 TF 1 Forward transit time i 0 1
1 % .. 1 (common base) a !
I. --------- Tmem-— )f' -------------------- - 'If__'_______ 1
/A 1 TR 1 Reverse Transit tine I 0O i
| 1 1 (Common Base) I |
| mmmm————— T ———— D e e o A € e e o ————— i
1 Cej 1 CE 1 Zero-bias base-enitter | 0 |
i 1 1 caoaci t ance ! |
[omem———— K e o= e e e L L G- i
1 Ccj | G 1 Zero-bias base-col lector- 10 |
I ! 1 Capaci t ance 1 1
| meweeew— ey cmmmmcneree——— ——— r
} I A 1 Junction ootenti al | I
ﬂ_“"’h""—)&: ------ b e ettt (e phapienie e e 1
I 1 GA 1 - Exponent in capacitance 1 05 —%I_
| GA 1 1 equati on | l
| rm—wrecee Treceac Mo e - - ——— .
' B* - & 1 Zer o- bi as out put 1 0] I
J ! 1 conduct ance i !
[eweecmes ywamam. Xwweeeneeneerereeasresenenseee Fm——————— |
| NG "1 NG | Proportionality factor for 1 0] I
{ 1 ! out put conduct ance | |
PR SRR ——————————— —e ¢ O g |
A | AF 1 Forward Current Gain 1 0.99 |
I ! 1 (Common Ease) ! |
| ot e e e e e A e g |
I A AR 1 Reverse Current Gain 1 0.5 1
! 1 (Cormon Base) | I
fmmmmmem e fmmmme o mumm e e e eeee e e ————— ¢ m
< 1 G 1 Maxinum junction diode 1 1 !
PG 1 1 * conduct ance ! ]I
| mw—————e pemmm—— Hemmm e et e fom——————— t

Table 3.1 NAP2 BJT Model "Pararreter_s

=1



The built-in transistor model is referenced in NAP2

circuit description language as follows:

TXXX Cnode Bnode Enode LISTNAME [AF

LIST NAME is a reference to a previously defined paramet

list for the transistor :

LISTNAME / / AF value AR value IS value NI wvalue >
VT value NV value TF value TR value GE value >
CC value FI value GA value GZ value NG value >

GS wvalue

'Vvalue' can be constant or functional. The curr

AF can be specified as a parameter in the transistor ref
Statement.

The NAP2 BJT model has some disadvantages. They ar

(1) The diode current sources IBE and ICE are non-

only in certain areas of the forward biased region.

this area linearity is assumed., This model becomes

inadequate when the circuit has failures.

(2) Some of the parameters like ¢ are assumed to b

for C-B and B-E junctions.

(3) Bulk resistances of transistors can only be re

as external resistances to the model.

(4) Finally, the parameter list for the built-in m

of BJT is not directly available in the transistor

So, the user has to solve complicated equations usi

data given in transistor manuals to match the param

list of the built-in model.

3-14



Because of the above disadvantages and short com ngs
of the built-in transistor nodel of NAP2, the SCEPTRE nodel

Is adopted for use in the NAP2 circuit analysis program The

SCEPTRE nodel library contains a |large nunber of commonly used
transistor nodels. The SCEPTRE nodel is shown in Figure 3.9.
+ Vcc -
I
]‘C-C.
Wiz
8 ' TH c
. WW ' E— «©
2R *i N VW\éc_
Vi ’ﬁ G‘:
2 fre ir
JE

Figure 39 SCEPTRE Bipolar Junction Transistor

The equations whi ch govern the SCEPTRE nodel are as follows:

Ce = oy + (T9/97) (36« 1es)
CC= ¢ (TsAme) (TCe 1c3)

(%e - vee)e
. (@ vee/ute \)

e . Xcs . (el

IN‘ °<F‘IE

IT = e . iC
O<F = Fi (_IE)



base junction
7l = Emtter junction grading constant
*Jé = Col l ector junction gradi ng constant
IN « cunent generator dependent on the emtter
base junction current
Il = current generator dependent on the coll ector
base junction current.
IES » Emtter base saturation current neasured in
the active region
ICS » collector base saturation current neasured in
the active region
VTE = constant of the emtter base junction eauation
VTC « constant of the collecor base junction eauation
TE » Time constant of the emtter diffusion capacitance

_eauation

(1/ (2* 314 * FF ) )

TS = Tine constant of the collector diffusion
capaci tance equation

« (1/ (2*314*PR) )

FF a The -average fT norna

FR a The average fT inverse

Ap a ‘Forward current gajn
This paraneter is entered as a function of IE
In the SCEPTRE node

R3 a Hase bul k resistance

RC a Collector bulk resistance

Rl a Emtter base junction |eakage resistance

3-17




TE = F3 ( IE )

TS = F4 ( IC )
DEFINITION OF PARAMETERS.

CE = The sum of the emitter transition and diffusion
capacitances, where:

ng
} = emitter transition

{ coE / ( ¢, = VCE )
capacitance
and
{TE/VTE}'{ IE+IES} = emitter diffusion capacitance
CC = The sum of the collector transition and
diffusion capacitances, where

{ coc / (¢c - vee) e } = collector transition

{ s / vre }'{ IC+ICS } = collector diffusion

COE = constant of the emitter transition capacitance
equation

COC = Constant of the collector transition capacitance
equation

¢E = Emitter base junction contact potential

¢c = Collector base junction contact potential

IE = current generator representing the emitter base junction

IC = current generator representing the collector

- 9~



R2 = collector base junction leakage resistance

The description given above was for NPN transistor model.
A PNP transistor is modelled by reversing the polarities of th
current sources in the NPN model. Figures 3.10 and 3.11

depicit the SCEPTRE and NAP2 statements which model transistor

2N329A,



MODEL 2N329A ( PERW)

(B-CE)

SUPPLI ED BY CONVAI R DI VI SI ON, GENERAL DYNAM CS,

SAN DI EGO CALI F. 92112

UNI TS OHMS, VOLTS, AMPS, FARADS, HENRI RS, SECONDS

ELEMENTS

RQ 1-E
RC, G2
RE, E-3
RCC: 2- 1
REE, 3-1
CE,

! 1
e

CC,

JE,
JC,
JI,
JN, 1-
JPI, I -
JP2,1-2

3
2
3-
2.
1
1

WNWER -

M

M

FUNCTI ONS
EQUATI ON!

Figure 3.10 SCEPTRE Model

350. 0

32.0

2.5

5.0E 07

5.0E 07 :

QDI @M ( 2P. OE- 12, . SO, VCE, . 47, 39. , 8. 8E- 08,
JE, 2. 16E- 14)

EQUATI ON1 (95. E- 12, . 80, VCC, . 50, 29. , 1. 4E- 05,
JC, 6. 22E- 11)

DI ODE EQUATI OW (2. 16E-14, 39.)
DI ODE EQUATI ON (6. 22E-11, 29.)
0. 865*JC

0.972*JE

0.

0.

(A B, C, D E, F G" H = (A(B-Q**D+tE*F*(G+H) )

For Transi stor 2N329A
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*LIP2 TR2W3293 +
: INTERNAL WODE 1 IS COLLECTOR
¢ INTERNAL NODgE 2 IS BASE
: INTERNAL NODE 3 IS EMITTER
EMTRAN/ / 3 0.280008-10 C 0.8 D =1 R =0.470C0
:EMTRAN.B IS COSTANT OF THE E#ITTLR TRANSITION >
CAPACITANCE (COE)
:EMTRAN.C IS EITTER BASE JUNCTION CONTACTPOTENTIAL (FIE)
tEMTRAN,D IS -1
tETRANLE IS MEGATIVE OF EMITTER JUNCTION GRADING >
CONSTANT (-NE)
EMTCUR/EXP/ A =0.216F-13 B 0.216E-13 D 0.25641E-01 >
L =8.0 U 0.7 N
:EMTCUR.3 IS EMITTER BASE SATURATION CURRENT MEASURED IN >
THE ACTIVE REGION
:EMTCUR.D IS THE INVERSE OF CONSTANT OF EMITTER >
BASE JUNCTION SQUATION (VTE)
EMTDIF/ / A 0.21600E-13
COLDIF/ / A 0.62260E-10
COLLCUR/EXP/ A -0.§22E-10 B 0.622E-10 >
D 0.34482E-01 L =8.0 U 0.7
:COLLCUR.A IS NEGATIVE OF COLLECTOR 2ASE SATURATION >
CURRENT MEASURED IN THE ACTIVE REGIOW |
:COLLCUR.B IS THE COLLECTCR BASE SATURATION CURRENT >
MEASURED IN TYE ACTIVE REGIOM
:COLLCUR.D IS THE INVERSE OF COMSTANT OF COLLECTOR >
BAST JUNCTION EQUATION (VTC)
CLTRAN/ / B 0.96000E-10 C 0.80000£+00 D -1 £ =0.50000E+00
:CLTRAN.3 IS CONSTANT OF THE COLLZCTOR >
TRANSITION CAPACITANCE EQUATION (COC)
:CLTPAN.C IS COLLECTCR BASE JUMCTION CONTAZT >
POTENTIAL (FIC)
sCLTRAN.D IS =1
:CLTRAN.E IS MEGATIVE OF COLLECTOR JUNCTION >
GRADING CONSTANT (=1C)
RB 2 4 350.00000 :RBASE BULK RESISTANCE
RL 4 3 0.50000E+03 :ENITTER BASE JUNGTION
LEAKAGE RESISTAMCE
IE 3 4 1*EMTCUR(VIE)
CET 4 3 1*EWTRAN(VIE)
PTEMP5=0,83E-07
PLEMPl= 0.39E+02%PTENDG
PTEMP2 = 1* EMTRIF(IIE)
CED 4 3 1*PTEMPL*PTEMO2
I8 4 5 0.972002+00 IIE
R2 4 5 0.50000E+03 :COLLRECTOR 3BASE JUWNCTTON »
LEAKAGE ROSIZOANCE



IC S 4 1*COLLCUR(VIC)

CCT 4 5 1*CLTRAM(VIC)

PTEMDPT7=0.14E-04

PTEMP3 0.29001E+02*PTEMP?

PTEMP4 1*COLDIF(IIC)

CCD 4 S5 1*DPTENP3I*PTEMP4

IT 4 3 0.856002+00 IIC

RC 5 1 0.32000E+02 :COLLECTOR 3ULXK RESISTANCE
>

non

Figure 3.11 NAP2 Model For Transistor 2N329A



3.2 NOMINAL COMPONENT AND FAILURE MODELLING

The analysis of a circuit when all of its components have
nearly the nominal value yields the nominal response. Typically
circuit components have 1%, 5% or 10% tolerance specified on
their nominal values. The actual value of a 1 kohm resistor
in a circuit having 5% tolerance resistors may be any resistance
between 950 and 1050 ohms,. In the circuit analysis all componen
tolerances are taken into consideration in the computation of
the approximate worst case response. The sign of the sensitivit
of the desired response with respect to the nominal component
value (or parameter) indicates if the minimum or maximum value
of the component value should be used to compute the worst case
response. To compute the minimum worst case response, minimum
component value is used when the sign of the sensitivity is
positive. However if the sign is negative, maximum component
value is used. To compute the maximum worst case response,
maximum value is used when the sign of the sensitivity is positi
If the sign is negative, minimum componentvalue is used. With
these values two additional simulations are performed to get
an estimate ©f the minimum and maximum worst case response.

If a tolerance is not specified, circuit simulation uses
the same value when computing the nominal, minimum and maximum

worst case responses, This is a very unlikely physical situatio



NOPAL Resistance Measurement Function Used in a Conjunction

<CNX_H1l, CNX_LO > = OHMMETER(RES,MIN,MAX,VREF)

where
'"OHMMETER.CNXO0l1' « high test point CNX_H1
'OHMETER.CNXO2'! + low test point CNX_LO
'OHMMETER.PRMO1l' +« measured resistance RES

'OHMMETER.PRMO2' +« minimum resistance MIN

+

'OHMMETER.PRMO3' maximum resistance MAX

'OHMMETER.PRM0O4' + reference voltage VREF

Figure 3.15 NOPAL Ohmmeter as ATLAS Procedures



Table 3.2 illustrates the typical tolerances used in

NOPAL :

Conponent Type Tol erance Value(+ —3 JTole ce on Paranet
Resi st or 10% Resi st ance

Capaci t or 10% Capaci t ance

| nduct or 10% | nduct ance

D ode (and Zeners) 5% Reverse Saturation
Transi stor (BJT) 0. 5% Forward and Revers

Al pha When @< 0. 995
Table 3.2 Conponent Tol erances

A 10% tolerance indicated in the table represents-10% and
+10% of the nom nal val ue. If so required different negative
and positive tolerances can be specified. Wen the circuit
séhenatics don't specify otherw se, the tol erance shown above
are used. The tolerances on transistor reverse and forward
al phas should be carefully specified to ensure that the maxinmum
val ue of al pha is less than one. Even though it is theoreticall
possi bl e to have negative resistances in circuit designs, -200%
tol erance on a 20 ohmresistance (inplies -20 ohn) is obviously,
an errorneous specification.

In the NOPAL system nost single conponent failures are
nodel | ed by topol ogical changes in fhe circuit description. Eve
though in this study only single catastrophic failures (open anc
short) are investigated, any other failure (i.e. multiple) can 1:

nodel | ed using any conbination of single failures and out-of -
3-23




tolerance parameters.

Single catastrophic failures which are automatically gener:
by the NOPAL system (whenever applicable to a component in the
circuit) are tabulated and pictorially explained in Figure 3.12
All resistor, potentiometer, capacitor diode and zener diode
failures are modelled with a resistance replacing the component.
Transistor failures are essentially the same as the others with
an additional low valued resistor shorting the junction which
is open. This model of junction-open failure prevents numerical
analysis and modelling problems associated with the Ebers-Moll
model of bipolar-junction transistor.

3.3 Stimulus and Measurement Device Modelling

Each range of the stimulus and measurement devices of an
ATE result different loading conditions to a unit under test.
These loading effects and signals must be effectively modelled
and simulated accurately. Especially the behavior of the non-
linear circuit components is critically dependent on the stimult
and measurement devices. In the following subsections, resistar
impedance, voltage and current measurement models and power
supply models are described.

A, Resistance Measurement

EQUATE performs resistance measurements by setting up a

dc~-standard reference voltage, a standard resistance in series

with the unknown resistance connected through the PIU/MIU test



AARAR

Rakore 3 Roven

Component Failure Function Pictorial

Resistor Open -\
Short

Capacitor Open ——{F—-
Short ’

Diode/Zener Open -i*——-
Short

Transistor Collector
Open

Base Open

Emitter Open

Base-Collector
Short

Base-Emitter
Short

Emitter-Collector
Short

f

Relat

Nominal Minimum

10

1

10

1

10

(in ohms)

Meg 1 Meg
0.1
Meg .1 Meg
0.1
Meg 1 Meg
0.1
short : same as re

open: same as re

Figqure 3.12 Single Catastrophic Failure Models in NOPAL
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points. A voltnmeter nmeasures the voltage drop across the
unknown resistance. This nmeasured voltage is used with the
ot her user provided data to conpute the unknown resistance
in software (Figure 3.13).

The ohmeter setup described above is also nodelled for
NAP2 to nmake resistance neasurements. |In the NAP2 circuit
anal ysis programit is nore convenient to work with branch
currents; hence in the circuit sinulation the current through
the reference voltage is requested and a slightly different

equation is used to conpute R. (Figure 3.14).
X

The ATLAS resistance neasurenent procedure used by the
NOPAL system is shown in Figure 3.15. In this procedure the
range is selected according to the m ni mum expected resistanc
However if the neasurenent is higher than the upper |imt of
the selected range (overrange) and maxi mum expected resistanc
is greater than the neasured val ue, then the neasurenent is
repeated in the next higher range. To elimnate the effects
charging and discharging time of capacitors dc standard is
applied and neasurenents are repeated until the relative errc
in two successive neasurenents is less than or equal to 0.1%
However -this- accuracy is not enfored when the neasurenent is
greater than |OMohm This is the highest resistance that can
nmeasured by the equipnent.

B. | npedance Measurenent
'The I npedance neasurenent operation in the EQUATE is sin
to resistance neasurenent. Figure 3.16 depicts the setup

used in inpedance nmeasurenents. The inpedance is conputed fi



ATLAS St at enent

MEASURE (RES 'RX'

VWhere the control

To Measure Resi stance:

REF- VOLTAGE 'VREF! Vv, DELAY D' SEC,

CNX H A" LO '1S* $

FI ELD

RES MAX

REF- VOLTAGE

Circuit

Equi val ent

limtations are:

RANGE;

0O to 10 Mohm

-10 to +100 SEC

Equi pment Set up:

Res 4 (RES.MaY)
WA , YA
De-Standard Uoltmeker
V\"‘-{ C“F) r:{ercnte. uorl’m‘}_-‘; \J?MCGS RK

LO B

OHM) , | MPEDANCE, RES MAX 'RES MAX ' RMAX' OHM

Series resistance of R, is programmed by the system dependi ng on

the RES MAX field as follo

R

0.

9
90

900 .

9

.0

.0

0

The

seconds after

equati on

Kohm

Kohm

Kohm

Kohm

vol tage drop across R_

WS

RES_MAX

0 2 Rypx < 4 Kohm
4 < Rirax < 40 Kohm
40

400

Kohm ~ Rrrax < 400 Kohm

Kohm < R
max

X

the dc-standard voltage source is applied.

is used to conmpute the unknown resistance:

Rx

TR

eas” 'S

r ef meas.~

Figure 3,13

EQUATE Resi stance Measurement
3-27
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[» N
er{. G % R;(
. Lo b
Rs
5.0K] B
Z{/"““““w‘“'""“““ - C)VﬁffOnQF or Undeerre
=] A e - Ateas not +obe use
/
30K [ - //
/
4
29Kt
J - 1"
0.2% 2.0y 3.3 0.4 F7 204 i - r
=¥ % 4ooK < 400K 740k < 4ok 24K <4x >0k Ry «
Relationship of Rs to Rx at Vref = 1 VOLT

To obtain the current levels at Veef other than 1lvolt,

multiply 'z' by the desired Vypo¢. Above ohmmeter written

in NAP2 language is:

.
.

FRANGE/TAB2/ O - 900K 0.77U
0.77U 90K 2.04U
7.7U 9K 20.40U
77U 0.9K . 204U

RVREF b a' 0 E Vref

RS a' a | *PRANGE (IRS)

*DC  *WORST IROHMTR

Unknown resistance is computed using:

Rx = Vref*Rs(i)

i

900K >

90K 7.7U0 90K >
9K 77 U 9K >

0.9K 1 0.9K

Figure 3.14 NOPAL Model of the EQUATE Ohmmeter for NAP2
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CORMPARE “OCrMi TSR LRIy (T “CH®AeTEQLURIY + J.5 5 GOTO STSP 12 IF NO
R2a0YE FC=-STu 3
END “OMMNTTER S

(AY]

C STeP «

-
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Figure 3.15 (continued) NOPAL Ohmmeter as ATLAS
Procedure



the measured voltage across the unknown load. A reference
voltage from the ac-standard is applied through a scaling resiste
to the unknown. The frequency and voltage setting of the ac
standard are programmable. Rg is a series resistance whose value
is determined by the system depending on the maximum expected
impedance. Rp and Cm.are the parallel RC network which represent
the sampler impedance. 2, is the unknown impedance to be measure

X

Zx is computed from the 2Z after compensating for Zj. 2

total total

is computed from the voltage measurement taken across Zx. It
has been determined that the programming data given for the
impedance measurement are not attainable identically on EQUATEs V
and VII. The compensation used (Rm = 1Mohm and C, = 900pF) is
not adequate. EQUATE V fails to make impedance measurements abov
8KHz. However EQUATE VII can measure up to 12KHZ.

The model of the impedance measurement function as used
by the NOPAL system in NAP2 language is shown in Figure 3.17.

The ATLAS impedance measurement procedure used by the NOPAL
system is shown in Figure 3.18. 1In this procedure the range
is selected according to the minimum expected impedance. However
if the measurement is higher than the upper limit of the selectecd
range (overrange) and maximum expected resistance is greater
than the measured value, then the measurement is repeated in the
next higher range. To eliminate the effects of settling times
and ac~standard setup time at each different frequency, the
measurements are repeated until the relative error in two
successive measurements is less than or equal to 0.1%. This
accuracy 1is not enforced if the measurement is greater than

10 Mohm.



ATLAS Statenment to Measure | npedance:
MEASURE( | MP ' ZX'(1) OHM) , | MPEDANCE, | MPVAX ' ZMAX'T OHM,
FREQ ' ZF' HZ, REF-VOLTAGE ' ZEI N,

DELAY 'D' SEC, CNX H 'A' LO 'B" $

ELELD USER MANUAL PROGRAM
RANGE RANGE

I MP MAX 0-10 Kohm 0-10 I\/bhm

FREQ 10Hz- 7KHZ 10HZ- 12. 5KH!

REF- VOLTAGE 0-7 Vrns 0-7 Vrns

DELAY 1 msec-100 sec Imsec-100se<

Circuit Equival ent Equi pmrent Setup:

- \/\é\/\r - . . R
c : il .
" ey ‘l—Cm O

Rs is programed by the systém depending on M MAX field as

foll ows:
Rs I np MAX
0.9 Kohm 0 < %mx £3. 6 Kohm
9.0 Kohm 3.6 Kohm < 36 Kohm
90. 0 Kohm 36 Kohm < ZrTDS < 360 Kohm
900. 0 Kohm : 360 Kohm< Z
max

The sanpl e makes ei ght neasurenents for period of the
reference frequency. The Fourier transformis taken to get th
real and inmaginary parts of the fundanental conponent. The

following equation is used to conpute the conplex inpendance.

Z E ) 1
x out - Tn

F.
- in 1

R
]
Fiaure 3.16 . EOITATK . Imveadance. Meaguramant




Rs
Joo.ox
0.0k,
9.0
0.9k
) 0.9 122. .44 2.2 3. 4 2.22. R
oo 7360 <360 736 £36 >3. 6 £2.4 20
Relationship of R_ to Z_ at V,, = 1 Volt rmns.
£ 2 ki
To obtain the current |evels at other than Vrei: = |V mul tipl
by the disirfed Vryl' This impedance measurement is wri
in NAP2 as follows:
- FRANGE/ TAB2/ 0 "~ 900K “=0.8y - = 900K >
0. 8y 90K 2. 22y 90K 7.94y 90K >
7. 94y 9K 2242y 9K 79. 4y 9K >
79.4u 0.9K 222y 0. 9K 1 0. 9K
ZESRC b a' O E Vi ef
RS a' a 1* FRANGE( | RS)
*DC, * RUN

*AC *PRINT *NA *PH | PS
The sinulation gives the magnitude (i) and phaseO) of
the current through Rs.

The i npedance seen by the neter is:

Vier- Rt Lo

Z =
x "
i1 ,
2 2 2 i
magnitude of 2z, = {Vref'Rs*i*°°39)+( Rs*i*she)+(Rs*l*s ine) “J
— 1% sin8
phase angle = arc tan(l ~sx—x" AN
Vre£' RS*I *0059 ) e

Figure 3.17 NOPAL Mdel of EQUATE | npedance Meter for NAP2



NOPAL Impedance Measurement Function Used in a Conjunction

<CNX_H1l, CNX_LO> =ZMETER(IMP, MAX,VREF,FREQ)

"ZMETER_CNXO1'

high test point CNX_H1

'ZMETER.TNX02!

low test point CNX_LO

'ZMETER.PRMO1' measured impedance IMP

'ZMETER.PRMO2' minimum impedance MIN
'ZMETER.PRMO3' = maximum impedance MAX

'ZMETER.PRMO4"

[

reference voltage VREF

YZMETER.PRMOS'

frequency FREQ

Figure 3.18 NOPAL Impedance Meter as ATLAS Procedure
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CrevASE ‘zaarf&.?5&:.‘, LE 3eluT f GOTC STEP 32 IF NOGC %
PIFETERWLARL® =2 7 ¢ GUGTL LTeP 36 ¢

CLMSAFE “INZTCRWPRNISTy LE 22CW0C 3 €GTC ST22 72 IF MeGY 3
CINETERASLY 3 L % GCTC $TeP 34 08
CIrCeT3RWAARL” 2 ¢ 3
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CIvETERCLAST 2L RETER PRA21°S LOTC STSR &7 IF NGGOS
ASCNAD TAFF-LMP, ?:ST‘,“TéSY 1me W CINESTERLPRYGT1C7 183,
e RURT ™y PZMTEIR ARG (2) "> 823, %,
CIMETER AG°C S PIPRAE I rZ, ‘,‘ZKETER.FEAZ-’-‘,"-”-‘:" my, ®, .
(PIMETER «MATT)/ 133, “a~dez X(QHMy "y "IMETRRLCSUNT )™ -t TINMES, ",
NCHR(®, 72" 3 ?-q.cvt. ‘e ®y"IMETER CNAT2 T 22,
CANPART “742T21.P20C1°,
118 "*'T=n.2uu (‘zxaraa.Lar‘a * w0TQ STEP «2 IfF G2 ¢
TIYETERLLRYY 3 “INETEK.LRL® +1 3
COMPARE “TxZT%R L1317, GT “IZVETZRWAZ® + J.%5 3 GOTA S$ST=2F 3?7 IF NOSO S
REMAOVE AC-STU $
&NO 'zmtTar! &

Pigure 3.18 (continued) NOPAL Impedancs Measurament as ATLAS
Procesdure
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VOLTMETER, AMPMETER AND POWER SUPPLIES

The Stimulus functions which apply the power supplies and the
asurement functions which take voltage and current measurements
a simpler than the resistance and impedance measurements. In
is particular application the internal resistance and loading effe
the stimulus and measurement devices could be ignored. This
nplifies the task significantly because the circuit analysis pro-
am can provide the voltage and current measurements directly. The
fferent power supply requirements can be handled by writing a
fferent function for each power supply available on the EQUATE.
gure 3.19 shows the most common power supply and measurement

nctions used in the test specifications.



(l*k**k*k*k*k****k*k***k** *>«Vx—k*x'*A* kk**kkkkkk********>*kkkkkkk*
EFINE PROCETUSEy “VULTHMETCR T &
LaVE DECIWAL s "VWULTHETER,. a1y YL THE TR, 6227,
"VOLTMEIERSCNXCI™"/vOlTr-&T KeCr<X;2u "%
AJASURE (VOiTnbL™ "VGLTMETc'=?2 ¢+ SfcS " "v),
DC-SILMALiDELAY 'jm1 SEC 4
CoV< HI 'VOLT3'¢TcH.CAXul"
LG 'VOLTAJETER . CAX C2" X
2C “EA5UNt (VOLTAGE 'VOLTISTc¢P . .Fh-ul" V),
DI-SIv.J,AL,0E£LAY TI»1 StcC,
CNX HI "VOLTfETwg sciNXG1"
LO AVCIir"ETEK. CNXJI<A
Co¥PARE (TVOLTLTERWPREIT = VOLTY¥cTe R REST/TVOLTBETER PAM{TT,

L . v

DE

LE C.ru'~a
GoTO STtP 7C IF NOGO*
RECOID TAFF=Cnirm ,TiST 7, "TE8T o1 #cQSUnED “.7YCLT*ETER.PK®¥L 1",
i TA-=' V, CrX HI %
YOLT: TN L CNXO0L e L0 Tt vOoLTitS TeRTCU 02 PEoa

Ent “vOLTM&TER" 7
Ci**i**i***i**wt**tka*t*x*u#tk**wtn*-&*a**i**tit**i**t*i*t*:\l**i
DEF:\t PROCEUUME, "ESUPHLr* 3
DELLA «£ L) ELIf.ALf".""L(P.DLY."SAGl','E"Uf'r'-PLY-PRf'D?',"ESUPPLY~:’-‘::S',
"rl SUP PLY . CuVu*t, '"LSUPPLY «CNXCi "
REMOVE DC2AI
APPLY OC-SiGUfIL DCZA.VOLTADE *&SUPrLtePRrtC1' V,
CNX HI "EtUPTLY. Cr*X.;i * LA *iSuPFLY .C ‘2 1JZ* %
RECORD 'AfF-CCfA . TEST®%"TEST -~ : AFPLIcD DC?A/ M,
"CSUPPLY.P-.VIiTy ¥ s = e C<>A"  HI "
"SSUPPLY. CtXC1 ',"s: LC
"tSUPPLY.C'ACZ',*l" S
MEASURE (CURRENT *iSUPFLY.KE3 * A);
OC- S| GUAut DEL*Y 0.1 £EC,CNX OCcA 1
NeCORD " hEASLR' 30 ”f*cS"uPl-LY-n"S"y Tle ¥l o awEg T
END 'CSUPPLY' 1

Charadkzhdh sk n b Fhhh bkt R b bRk aa ek 2k R XA bk wk bk bk Rk e hd

Figure 3«19 NOPAL Stinulus and Measurement Functions as
ATLAS Procedures
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3.4 ATE-UUT INTERCONNECTING DEVICE

A2100 and A5100 circuit cards are connected to the E
through a custom made interconnecting device (ICD) manufa
by RCA. This ICD has only a few passive elements and prov
the proper sockets and edge connections to route the ATE a
signals to the appropriate pins. The circuit components f
the ICD are the leak resistors which discharge the capacit
the attached UUT after the stimulus has been removed. The
extra £esistors are treated as a part of the UUT in circui
simulation. The ICD is intended for use with only one cir
card at a time,

Figure 3.20 is the interface schematic when 22100 car
is being tested. The ICD box is attached to the EQUATE th
cable CAl., Similarly Figure 3.21 is the interface schemat
when AS5100 card is inserted. 1In addition to cable CAl, ca
is attached to provide the lines to the three different pc
supplies which are used in testing A5100.

In addition to the resistors, the ICD box contains a
capacitors. However these capacitors are not involved in
tests of A2100 and A5100. The ICD has several other slots
inserting other cards from the AN/VRC1l2 radio. Figure 3.2

illustrates the hookup of the ICD to the EQUATE,
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Figure 3.22 ICD Hookup Diagram
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CHAPTER IV

CGeneration of a Test Program For Vol tage Regul ator Card-A210

- The generation of a test program to diagnose and i sol at
single catastrophic failures in the A2100 vol tage regul ator
card of the ANVRC-12 radio is described in the fol | owi ng
six sections. Section 1 presents the theory of operation
for the circuit. This description closely follows the theor
given in DMAR 11-5820-401 pages 34-35, and 3B. 10-3B. 12.
Section 2 contains the input supplied to the top part of the
NOPAL system  Each input option is briefly explained. An
overview of the tables generated by the systemis given in
Section 3. The NOPAL specification of the tests based on
these tables is explained in Section 4. The flowhart of th
EQUATE ATLAS programwhich is generated from the NOPAL speci
cation is described in Section 5. Finally in Section 6, the
printouts obtained by running this program on EQUATE V or Vi

are exhi bited and eval uat ed.
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Figure 4,1 A2100 Voltage Regulator Circuit Card



4.1 Voltage Regulator Assembly~A2100: Theory of Operation

The voltage regulator card A2100 shown in Figure 4.1 provide:
a regulated output of 16 volts dc for circuits in the R~442/VRC
(or the RT-246/VRC and RT-524/VRC) radiosets. The regulator
maintains its 1l6-volt output over a wide range of current demands

The A2100 circuit card contains circuitry to perform the
following three functions: (A) 16-volt dc voltage regulation, (B
time delay circuit to operate a relay, and (¢) an RC integrator ai
a small-signal rectifier. The operation of the circuitry for eac
function is explained below.

A. A simplied circuit schematic diagram of the voltage
regulator portion of A2100 is shown in Figure 4.2,

The effective resistance of transistor Q202 (Q403) in series
with the 25.5=-volt dc supply drops the voltage tq 16 volts dc for
any current required by the external circuit. Diodes CR201 (CR40
CR202 (CR 406) and transistor Q202 (Q403) are not located on the
voltage regulator assembly card-A2100, They are connected to the
A2100 circuitry when the card is inserted into its slot in the
radioset. If the current drawn from the regulator increases or
decreases, the effective resistance of 0202 (Q403) is lowered or
increased as necessary to maintain the output at 16 volts. This
is done by controlling the transistor emitter-to-~base bias voltag
The emitter voltage is essentially fixed by the 25.5-volt dc supp
The base voltage is controlled by the voltage drop across resistc
R2104 and thermistor RT2101. The emitter current of Q2101 is
controlled by its emitter-to-base bias voltage. Its collector is

maintained out 16 volts dc since it is connected to the collector



Q202

CR20! (0403} :
(CR406} 2N29TA
1€ INPUT IN;!‘Gﬁ /‘\ +16vDC OUTPUT
CR202 E‘J
(CRa&I2)
INI3SS
RT2101 ’ Q21ot
R2104 500 2N328A
0
CR2103
IN7TS2A
ZENER
cai02+{_ c203_1_
68UF ST~ OIUF ~T~
Q2102
aN33s ”,{?‘g
R2103
€80 CR2104
ING4S
) CR2/0S
= R210S
N R § T INGAS
NOTE: *
REFERENCE DESIGNATIONS IN PARENTHESES() l
REFER TO RT-246/VRC AND RT-524/VRC ONLY, =
i a TME820-409-35-38
Figure 4',ZVoltage regulator, simplified schematic diagram
. ERROR SIGNAL
ERROR SIGNAL -» TO LOCAL
INPUT FROM _ OSCILLATOR
PHASE ———al
DISCRIMINATOR -0 !
' |
+16 VOC __ o {
-0 p v
# x3001
o— )
NOTE:

REFERENCE OESIGNATIONS IN
PARENTHESES () ARE FOR :
RT-246/VRC AND RT-524/VRC,
$103 RESPECTIVELY.

{S301) .
($38%)

s ' ' TMS820-409-35-22

Figure 4, 3Time delay circuit, simplified schematic diagram.



generator on a motor vehicle., It starts shorting the spikes
above 39 volts. Capacitors C2102 and C2103 attenuate low and
high frequency ripple voltages, respectively.

B. Figure 4.3 shows the time delay circuit which is als
located on the A2100 circuit card assembly. This circuitry i
used to energize a relay which turns on and off the error sig
coming from the phase discriminator and going to the local os
This is done to prevent the local oscillator to lock on spuri
frequencies when the radio is being turned on and off and als
when megacycle tuning switch is being rotated. Relay K3001 &
switch S103 (S301, S$355) are not physically located on the A2
card.

As power is applied, current flows through transistor Q2
and the coil of relay K3001l. Relay K300l energizes, error si
from the phase discriminator is provided, and capacitor C2104
begins to charge. When capacitor C2104 is charged, transistc
is biased to cutoff, relay K300l deenergizes, and the ground
removed from the error signal and routed to the local oscillsa
Resistor R2107 establishes the initial bias for transistor Q:
and, in combination with resistor R2108, determines the time
to charge capacitor C2104. Diode CR2106 enables quick dische
of capacitor C2104 when power is removed, thus assuming the c
of the time delay circuit in the event power to the egquipment
switched off and on very quickly.

The time delay circuit also functions whenever megacycle
switch S103 closes. As the switch closes momentarily, capaci

discharges through resistor R2109 and the switch to ground.



Q202 (Q403). CR2103 is a 5.,5~volt Zener diode which maintains
the voltage on the emitter of transistor Q2102 at 5.5 volts lowe
than the output voltage., Potentiometer R2106 establishes the ba
voltage of 92102, The effective resistance of Q2102 sets>the ba
voltage on Q2101 and thus controls its emitter current.

When the current requirement of the external circuit increa
the collector voltage on Q207 (Q403) decreases. This decreases
the emitter voltage of Q2102, decreasing its effective resistanc
and lowering the base voltage on 02101, The emitter current of
Q2101 increases and lowers the base voltage on Q202 (Q403); thus
decreasing its effective resistance. The voltage drop across
Q202 (Q403) is reduced, and the output is increased to 16 wvolts

Diode CR2102 applies the voltage at the junction of resisto
R2102 and R2103 to the base of Q2102 through potentiometer R2106
This actioﬁ starts the regulator when power is first applied. A
the output voltage reaches 16 volts dc, CR2102 is reverse-biased
and effectively removed from the circuit.

Potentiometer R2106 compensates for variations in 2zener dio
CR2103 and is used to manually adjust the regulator output to 16
volts dec.

Diodes CR2104 and CR2105 compensate for variations in the
emitter-to-base voltage of Q2102 caused by change of ambient and

junction temperatures. Diode CR201 (CR406), resistor R2104,

and thermistor RT2101 provide temperature compensation for
transistor Q202 (Q403). Zener diode CR202 (Q412) protects the
regulated 16 volt power supply lines from the intermittent spike

which appear on the 25.5 volt supply line coming from a



capaci tor C2104 is discharged, the sequence of events descri bed
above occurs. Switch S103 nonentarily closes as the tuning gear
train turns; this insures that the new crystal oscillators being
sel ected provide the maxi mum out put before the error signal is
connected to the local oscillator.

C.  The small subcircuit on the lower left hand side of
Figure 4.4 is the RC subscircuit on the A2100 card which is not
related to voltage regulation. D ode CR2101 performs rectificatic
of an AC-signal. The output is routed through a large RC tine
constant circuit, resistor R2101 and capacitor C2101, back to the
radioset. This circuit is referred to as the filter subscript in
the remainder.

The conplete circuit schematic of the circuitry contained
on the A2100 card is shown in Figure 4.4. Figure 4.5 shows parts
| ocation and wiring diagram of the circuit card. The nunbers
enclosed in small circles point at the nodes of the circuit. Thes
nunbers are arbitrarily assigned to identify the nodes. The same
node assignments are also used in Figure 4.4. The nunbers in
rectangles are actually printed on the circuit card for easy
identification. The nunbers above them are the EQUATE dedi cated
interface unit test points as they are routed to A2100 through
the special VRC 12/ EQUATE interface connecting device. These
connections explained in nore detail in the discussion of the

interface in Section 3.4.
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Figure 4.4
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Circuit Schematic Diagram of A2100 Card




E QUATE DU Pin
Numgers

RZICHJ
ADJUSTMENT

Otvez Ccy
MODE NULME

CR2102 1}

l/ \‘ l é”
“r2103\ |-~
\\ \

(9?) NOTES* @

! . CIRCUIT VIEWED FROM SJDE ON WHICH PARTS ARE MOUNTED.

2.
3.

PARTS AND PIGTAILS ON FRONT OF BOARD.
WIRING ON BACK OF BOARO.

TM 8820-409-33-7«

Figure 4-° Assembly A2100, Parts Location and Wiring Diagram.



3,2 NOPAL INPUT

The test program for the A2100 card is generated in
two parts. The first program is for the filter subcircuit
and the second program is for the voltage regulator and time
delay circuit.

The complete input given to the top part of NOPAL to
generate a test program for the filter subscript of the A2100
card is shown in Figure 4.6 and discussed in subsection A.
The input which describes the voltage regulator and time dela:
circuit and its requirement is shown in Figure 4.7 and discus
in subsection B,

A, CIRCUIT DESCRIPTION AND REQUIREMENTS FOR THE FILTER SUBSC

The circuit description of the filter is shown in
Figure 4.6. Resistor R2101 is 270 ohms and is incident on
circuit nodes 0 and 21, In NAP2, node 0 is the ground refere
node. Node 21 is arbitrarily named. Capacitor C2101 is 68uF
and is incident on nodes 2 and 21. Diode QDR2101 (CR2101l) is
type 1N645 and is incident on nodes 21 and 3. The nodes 1,2
and 3 are also terminals on the edge connector of A2100., How
node 21 is internal and not available unless probing of the ¢
is allowed. (see Figures 4.3 and 4.4).

A diode model for IN645 has been previously stored in
the model library number 2 of the NAP2 circuit analysis progr
Hence its details need not be repeated in the circuit descrip
A referénce to the model by name enables the model to be retr
from the library during simulation. The model for IN645 is
included in the main circuit as a subscircuit by connecting i

internal node 1 to node 21, and internal node 3 to node 1.
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CIRCUIT _DESCRIPTION A21CC DEFAULT VOLTAGE REGULATOR
*CIRCULT

: THIS CIRCUIT IS PART Of A2100 CIRCUIT BOARD

R2101 O 21 2?73 ¢ FAILS

€2101 2 21 CEUF : FAILS

QprR2101 21 = 1 1 =3 : FAILS

*L 182 D1INS4S

Qx
ROPENT 1 O 10™EG
ROPEN2 2 O 10MEG
#MQODIFY 1 0.1 f.1 R2101 c2101:
*MODIFY 2 0.0% Q.05 >
ADR2101.kS QDR2131.RB GOR21C1.CT GDR2101.CD
=MODIFY 3 1C.0C 0.1 ROPEN1 ROPEN2
TEST_TERMINALS J& PC S0ARD EDGE CONNECTOR
s} A21_3 GROUND
1 A21_1
2 A21_2
ACTEST _TERMINALS JE PC BOARD EDGE CONNECTOR
0 GND GROUND
1 A21_1
2 A21_2

0BJECTIVES STANDARD
100.0% DIAGNOSIS
50, 2  AMSBIGUOUS
s0. 4 AMBIGUOUS
ACCURACY MINIMAL
0.57E-C2 ZERO DESCRIMINATION

C.20€E+02 : INACCURACY IN X
3 SIGNIFICANT DIGITS
1 SORT WITHIN TEST ONLY
1 OPTIMIZE LOGIC
1 MISSING FAILURES SAME AS NOMINAL
1.JJE+21 LU.OCE+C4 RESISTANCE
1.53€+31 801.0Je+34 IMPEDANCE
133€=03 01.808+20 CURRENT
C.53E+30 J3.50€E+91 VOLTAGE
1 1
INITIAL _CONDITIONS NOPOWER
END

Figure 4.6 NOPAL Input for A2100 Filter Subcircuit




The resistors ROPEN1 and ROPENZlare not part of the circuit.
They are inéluded to prevent numerical analysis problems.
Eventhough it is not always required to have at least two
branches incident on each circuit node, it is a good practice
not to leave any dangling branches for consistency. The valu
of ROPEN1l and ROPEN2 are very high. For all practical purpos
they can be considered open. The first "modify" statement
specifies +-10% tolerance for R2101 and C2101, Diode QDR2101
has +-5 tolerance on most of its parameters: on short and bu
resistances, and on transition and diffusion capacitances.
ROPEN1 and ROPEN2 have +1000% and ~10% tolerance. This wide
tolerance is specified to show that these two resistors have
no effect on circuit response.

All of the circuit nodes which are on the edge connector
are declared to be test terminals. Node 21 is not made avail
for probing. The objectives of fault isolation is held very
high by requesting that all 5f the failures should be detecte
(i.e. 100% diagnosis); furthermore one half of the failure mo
should be isolated into groups containing no more than two
possible failures (i.e. 50% of failures 2-ambiguously) and 80
of the failures should be isolated into groups containing no
than four possibilities (i.e. 80% of failufes, 4-ambiguously)
In this particular subecircuit, this objective does not appear
to be very meaningful. It is included here for uniformity wi
other inputs. This is the standard objective which is used i

all test piograms.



Accuracy ;pecifications state that (1) any measurement
which is in the range -0.005 to 0.005 should be treated a z
(2) any measurement taken can be as much as +-20% off from
true value, (3) the test program should refer to stimuli an
measurements using at most 3-significant difits, (4) minimu
measureable resistance is 100 ohms, and maximum mesureable
resistance is 400 Kohms, (5) minimum measureable impedance
magnitude is 15 ohms, and maximum impedance is 10 kohms, (6
minimum current is 1 on A and maximum current is 1 A, (7)
minimum voltage is 0.5 volt, maximum voltage is 35 volts.

After failure simulation, any failure which is not sim
for a given test should be treated as resulting in nominal
measurement, This option is actually not used in these pro
It was specified here to prevent early termination of the t
part in case of intentional omission of failure modes. The
sort option is used for printing the tables according to av
assertion or test sensitivity.

B, CIRCUIT DESCRIPTION AND REQUIREMENTS FOR THE VOLTAGE
REGULATOR AND TIME DELAY SUBCIRCUITS

Figure 4.7 shows the circuit description of the voltag
regulator and the time delay circuitry of the A2100 card.
the circuit descriptionbfirst the semiconductor devices are
connected. The terminals of the NPN and PNP transistors ar
connected in the same seguence: collector, base and emitte
The complete models of these devices are included in Append
Potentiometer R210B is modelled as two separate fixed resis

where R2106B is functionally dependent on R2106A. The valu
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CIRCUIT _DESCRIPTION  A21CO DEFAULT VOLTAGE REGULATOR
sCIRCUIT
FC/ / A 5.0E03 B -1
QDR2102 10=1 6 =3 : FALS
*IB2 . DIN645
a*
= = = -
98%(2?1 T;2N3219A 12 2 5 X H FAI LS
QQ102 12 =1 14 =2 13 = % : FAI LS
*LI32 TR2N335
$*
&DR2103 13=3 6 =1 FAILS
*L182 21N752A
. .
QDR2104 15=1 16 =3 FAILS
*1192 DIN645
Q .
QDR2105 16*10 = 3 : FAI LS
*|| B2 DINE4S
Q
R2104 4 11 13 : FALS
RT21GL 11 5 500 : FAI LS
R2102 4 10 1K;t FAILS
R2103 10 0 680:: FAILS
R2105 13 0 1K ;:  FAILS
RTAP 14 21 10 FAILS OPEN
R2106A 21 15 3. 44K . FAILS SHORT
R21C6B 6 21 1*FC(R2106A) FAI LS SHORT
C2102 f} 6 UF FAI LS i
C2103 6 C * 01UF FAI LS
QDR21C6 17 = 1 6 =3 FAI LS
£L162 D1N645
*
a 17 0 15UF FAI LS
C2104 17 7 660 FAI LS
R2109 17 15 18K FAI LS
R2108 i 18 33K FAI LS
R21Q7 8 = 115 =2 6 =3 : FAILS
QQ2103 TR2N329A
*LI B2
RUUT1 8 O 1.83IC
RUUT?2 6 C 33K
«MODIFY 1 Gs35 0%*05 R2104 R2102 R21C3 R2105 RT2101 >
RTAP di219¢A R21068 C21Q2 C2103 C2104 >
R2107 R*3& R21C9 RUUTL RUUT2
*MODIFY 2 0*005 £.005 >
032101.%?! 3Q21Cl.R1 3Q210UIE QQ2101.CET QQ2101.CEO

QQ2101.1N CQ2131 +1%2 @az101.I1C QQ2101.CCT GQ2101.CCD
UQ21C1.11 QQ2101»RC

>
>

Q22102.K? QQ1G2.P.1 3C2102.1E QCi2102.CET GQ2102.CED
Q02102414 J.221C2.R2 Q321C2.1C UQ2702.CCT QQ2102.CCD >
aQ41G2.11 UQ2102.RC >

232103.R§ QQ2103.R1

Figure 4.7
and

NOPAL

QQ2103.1E QQ2103.CET GQ2103. CED

Input For A2100 Voltage Regul
Time Delay Subcircuits



8Q2103.IN
@22103.11
APR21C2.PS
ADRZ2IC4.RS
ADR2105.RS
IDRZT10€.RS

GQ2732.R2 QQ2103.1C QG2103.CCT @@2103.CCD >

Q62103 .RC
GCR210<. 10D
GDR2106.,1D
GOR21CS.10
wOR21C¢. 1D

>

I30RZ1T2.CT
QDR2104.CT
QDR2IL5.CT
QDRZ1C&.CT

GDR2102.CD
GOR2104.CD
QOR21J5.CD
GDR21C£ .CD

G0R2102.R8B
GDR2104.RB
GDR2105.RB
QOR21CE .RB

vVvVvyvy

GORZ1CIWRS GPRZ103.1D GORZ1C34IZ QDR2103.CT GOR2103.CD >
COR2103RB
TEST_TERMINALS Jé&

A21_9 GROUND
A21_4  MAIN PGWER INPUT
A21_5 THERMISTOR CONNECTION
A21_% REGULATED 1¢ VOLT QUTPUT
A21_7 €103 SWITCH POINT
A21_3 TIME DELAY OUTPUT
CTEST_TERMINALS Jé PC 30ARD EDGE
A21_9 GROUNED
A21_4 - MAIN POWER INPUT
A21_5 THERMISTOR CONNECTION
A21_¢ REGULATED 1€ VOLT OUTPUT
A21_7 S102 SWITCH POINT
A21_3 TIME LELAY QUTPUT
CONVERIZNCE CRITERION
*MODIFY Vvé=1¢,vS5=20
OBJECTIVES STANDARD
10C.0% DIAGNOSIS
5C. Z AMBIGULCUS
8Co & AMBIGUOUS
ACCURACY MINIMAL
J.50€-02
G.1JE+D22

PC S0ARD EDGE CONNECTOR

CONNECTOR

O~NNOWMEBEOPEO®MNOCWVNEO

ZERQ DESCRIMINATION
INACCURACY IN 2
SIGNIFICANT DIGITS
SCRT WITHIN TEST ONLY
JPTIMIZE LOGIC
MISSING FAILURES SAME AS NOMINAL

-t b ad (N

1.3J3E+21
1.3Ce+C1
1.005'03
0.50€+32

4C.32e+04
31.332+C4
01.00g+CC
03.52€E+31

RESISTANCE
IMPEDANCE
CURRENT
VOLTAGE

1 J
AC3IAS DC OPERATING PCINT IS
BESIN 'A ATTENTICN OPERATOR:
RBIAS 3 0 ‘Co" E 25.5V
INITIAL_CONDITIONS POWERUP
BEGIN 'A ATTENTION OPERATOR:
RSUPPLY 4 0 Q.1 E 25.5
END
ENO=-INITIAL

DECIDED BY THE FOLLWING DC SUPPLY
UUT 1S BEING POWERED NOW

UUT IS BEING POWERED NOW

Figure 4.7 NOPAL Input For A2100 Voltage Regulator

and Time Delay Subcircuits (continued)
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of R2106A is determned by an optim zation sinulation run
requiring that R2106A should be adjusted such that the voltage
at node 6 is equal to 16 volt dc. The sinulation deternines
R2106A is 3.44 Kohm and R2106B is 1.56 Kohm (5 Kohm - 3.44 Kohl
Both of the resistors may have +-5% tolerance. Resistors RUI!
and RUUT2 are not on the A2100 card. They are inside the AV V3
i nterconnecting device. RUT2 (33 Kohm) is not docunented on
the original 1CD description. It was discovered during testin<
and added to the interface schematic shown in Figure 3.20. Th:
| eakage resistor discharges capacitor C2102 after a stimulus
Is renoved fromthe card. RUJT2 is a load resistor for the
tine delay circuit. It effectively puts a load to ground on t
collector of transistor R103. Al resistors and capacitors a;
assigned +-5% tolerance. Al diode and transistor nodel paranx
are assigned -f--Q5% tolerance. Their tolerance specifications
were deduced from sem conductor data books. These tol erances
may result in up to 20-30% tolerance on transistor gain (beta)

characteristics.

The edge connections are.assigned the sanme circuit node
nunbers. In addition to the edge connectors, circuit nodes 15
18 are used as probe test points. In the current inplenentati<
of the top part of NOPAL, there are no explicit provisions to
generate special instructions to the operator to nmake the
requi red connection. The probe nessage and the required ATLAS
command is inplenented in the OHWETER, ZMETER or VOLTMETER
functions. This is done by assigning the probe points to be

connections points which are beyond the EQUATE'S capability, tl



during execution, these cases are intercepted in the function
prol ogue code to branch to the appropriate instructions to issue
the probe nmessage and to use the "PROBE" connection. The
convergence crition (16 volts dc on node 6 and 25 volts dc on
node 20) is not required. It is specified only to speed up th
simul ation and prevent possible nunerical (no-convergence) pro
Experience with failure sinulation indicates that solutions ar
considerably faster when the initial conditions for non-Ilinear
circuits are started from the nomnal voltage levels rather th
fromall node voltages and branch currents at zero. Al circu
anal ysis prograns start the nunerical solutions from zero |eve
unless different initial conditions are specified by the user.
The remainder of the requirenments listed in Figure 4,7 ar

identical to those described in the previous subsection.
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4.3 Evaluation of Tables Cenerated

The tables generated to the top part of NOPAL are eval uat
in this section. The dicussion of the two subcircuits are don
separately. The tables generated for the filter subcircuit a:
di scussed fully in'Subsection A In Subsection B, the tables
generated for the remaining circuits ére di scussed however ihe
conplete table listings except the shortest significant ones a
not included due to their length. The conplete tables are
avai |l able as conputer listings and on a conputer tape acconpan
this report.

A.  NOPAL Tables For The Filter Subcircuit

The first table generated from the user provided input is
failure dictionary. Table 4.1 shows the failure dictionary fo
the filter subcircuit. There are 7 failure nodes which the ci
may have. Failure identification nunber 1 is not actually a
failure, it is the nomnal state of the circuit. It is includ
in table for conpleteness; Each conponent has two failure nod
as described in Section 3.2; This failure dictionary is sinp
a docunent of the failure nodes which are analyzed by the top
In digital testing literature, the term 'failure dictionary' a
includes the data which is called the 'failure synptons® in th
NOPAL system This information is not apart of NOPAL failure
dictionary.

Even though it is theoretically possible, it is very unl
to have resistors failing by the shorting of their termnals.
Initially in the course of this study, it was decided to inves
the synptons of failure due short of resistors to determ ne
whet her or not they could be isol ated. It was observed that i
many cases short of resistors could not be identified, i.e., t
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FAILURE DICTIONARY --- ( PAGE 1)

|
COMPONENT | FAILURE
|

PARAMETER | REMARK

| | | | |

I 10. | | | | | .

| | NAME FUNCTION 1 | | | | (VALUE) (ALIAS) CINDEX)

!S::::S!::::::::::::zzi========3==:==18======B==:==:=8======8=:‘:=8========:===i3==3‘-‘3:::::::31:=SS===‘S833:::38:3::3383‘3::88‘88:!

| | | I | | | |

I 1 | AaLL_cowmps | NONE | | NONE | NONE | NOMINAL | NOMINAL NOMINAL 0

| i ‘ | | | | ! |

| S | D —————— ) I, | R ) | R B, ——— | e mm————————

| { | | | | | |

) 2 |} rR2101 } OPEN 1 0. 21 | VALUE | RESISTOR | 1.0€E9 | 270 OPEN 0

| | | | | | | |

| | S S T | | | | L ———

| ] | | | ] | |

I 3 | r2101 | SHORT I 0o 21 | vALUE | RESISTOR | 1.0€0 | 270 SHORT 0

| | : | | ) | | |

| S | . ) | | P | | | . ———mm—————— ———— —

| | | | | | | |

| ¢« ) c2101 | OPEN {2 21 | TOPOLOGICAL | RESISTOR | 1.0€9 | ¢BUF IPEN 2

| | | I | | i l

R | |, | R, ) | | U

| | | | | | | |

I S | c2101 | SHORT | 2 21 | TOPOLOGICAL | RESISTOR } 1.0€0 | ¢bUF SHORT 0

{ 1 | | | | | |

| . | | D | * ......... memme e ececccccmcc—————

| | | | | | |

: ¢ : QDR<101 : OPEN : 21 1 : TOPOLOGICAL : DEFINED : 1.0€9 : DINGGS OPEN 0

S | S | | S ) | D S DR, ST SR, ——————— c———————— ——

| | - | | | | | |

: 7 : QDR2101 : SHORTY : 21 1 : TOPOLOGICAL : DEFINED : 1.0€0 :,oluéks SHORTY 0

T | S | S, | S I | S U | —————
Table 4.1 A2100 -~ Filter Subscircuit Failure Dictionary



circuit behaves as if it were normal. There were several
exceptions to this behavior, i.e. resistors which are involved
in biasing and feedback circuits usually serve as voltage
dividers, hence they effect circuit behavior significantly. All
of these failures can be picked up. However, many resistors are
included as safety devices for limiting the current when large
amount of current is drawn. Hence under normal conditions their
failure by shorting does not affect the operation of the circuit
Due to these reasons, in addition to the statistics published by
industry indicating very seldom occurance of such failﬁres, the
final test programs which are generated for these circuits exclu
resistor shorted failures. Resistor short failures are included
in the analysis until the generation of failure symptom tables,

In reports presented here, and on the accompanying computer
tape, they are dropped from further investigation. 1If it become
desirable to include any or all of these failures, new ambiguity
analysis, optimization, NOPAL specification and ATLAS program
generation steps can be easily performed including the additiona
failures. The operations described above amount to only one job
on the computer.

Table 4.2 is the test limit and diagnosis table which conta
the assertions created from the failure symptom table. This tab
contains 8 different tests with an average of 2 assertions per t
A total of 17 assertions are created. The actual identification
and the test points involved in these tests are available in oth
reports not shown here., These assertions are created slightly

differently from the original version of the top part of NOPAL.
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A test may have at nost three assertions: (1) a nom nal assert,
giving the expected nom nal range of neasurenent and identifyin<
all conponents which result in this nmeasurenment, (2) a |ow asse:
giving the range of neasurenment and indentifying the failure no<
for which the neasurenent is less than the nomnal, and (3) a
hi gh assertion giving the range of neasurenent and identifying
failure nodes which result in a nmeasurenent higher than t he
nomnal. |In certain cases either the low or the high assertion
may not be present. This is due to the fact that all neasurenei
have a low and a high neasureable Iimt. It is physically not
possible to get a reliable neasurenent beyond these limts. In
these assertions, if a nmeasurement is above 400 Kohns, it is
replaced by a very large nunber. Then during code generation

a correspondi ng,assertion is created requiring that the neasure!
be greater than the lower Iimt with no restriction on the high

[imt. Simlarly the converse is done for the |ow assertions.

The follow ng additional observations are noted: (1) When
a test has a single assertion, it contains no useful fault isol
information. (2) Wen there are two assertions; the first
one is the nomnal, and the second one may be either the |ow or
the high assertion. (3) Were there are three assertions, the
first one is the nomnal, the second one is the low, and third
is the high assertion.

Table 4.3 is a condensed formof Table 4.2. It is obvious

that test 6.1 (stimulus 6, neasurenent 1) provides no fault
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isolation information; tests (2.1, 3.1, 5.1) and (1.1, 4.1)
provide the same fault isolation information.

The anbiguity report shown as Table 4.4 indicates that all
failures and the nominal mode can be uni quely identified. Fail
short of R2101 has been dropped in this phase.

The first step of optimzation gets rid of the redundant
test setups. It retains only the m ni mum nunber of tests which
are essential to achieve the sanme |level of fault isolation whic
was indicated during the anbiguity énal ysis phase. This optim
i s based entropy (information content) only (see Table 4.5). T
the tests selected have an interesting property. The first tes
selected (7.1) has a very general fault isolating capability.
It divides all possible failures into three classes where each
class has nearly equal nunber of failures. The next test (8.1)
divides these classes into snaller classes. This type of fault
isolation design is commonly referred to as the top-down
met hodol ogy. During this optimzation phase, it is determ ned
that only 3 out of the 8 original tests are sufficient to provi
the sane fault isolation capability.

The next table (Table 4.6) shows how the assertions of the
remaining three tests can be put together with conjunctions to
sel ect di agnoses. Di“agnc.)sis_ 6 (short of CR 2101) and Di agnosis
(short of C2101) are selected upon the conpletion of a single
assertion. D agnosis 2 (pen of R2101) , D agnosis 3 ((pen of
C2101), D agnosis 5 (Qpen CR2101) can be selected only after th
two required tests are perfornmed. Diagnosis 1 (all conponent

nomnal) is selected after all three tests are perforned.



AMBIGUITY REPORT (PAGE 1)

:::====:::=:==::=======:====:==:====:===:=============:=====t=========:==:===::=::==:=3===:z:::=:=s:=====:t:x::a::n::::s::z:::::
t | | |

| EQUIVALENCE | K-AMBIGUITY | FAULT 1SOLATION PERCENTAGE | FAILURE MODES INCLUDED

i CLASS } R e L L L PR S P |

| | | )

| { f CLASS |  CUMULATIVE |

| { { A |

X X R R E R R E E E E E R TRt i i i i it i i 2 I T S R R 2 R R P A2 E 2 A R 2 R R R R R X 2 A R R R R R R R SR R R R 2 X2 R 2 E E X R 2 X R R 2 R R S RSS2 22 R T R 222 S R R X 2 2 8
] | | | |

) NOMINAL | 1 | 16.7% | 16.7% | ALL COMPONENTS NOMINAL

| R, | | e e cem e cm e~ —————————— cem———— —————
) | | | |

| 2 | 1 | 16.7% | 33, 3% | OPEN(R2101).

b e | | | L e e e ccceco e cccccme——————e—eee—n—————— ————
I | | | | :

i 3 | 1 | 16.7% | 50.0% | oPen(Cc2101).

| B | I | U S | ————————————— ———— ————— e ———————
| ) | | |

| 4 | 1 | 1¢.7% } 6E.7X | SHORT(C2101).

| | ) D d e e ———— mememec—a—aea————————— -—
| | ! | |

| S | 1 [ 16.7% } 83, 3% | OPEN(QDR2101).

| S cmm——— | | ] L e e —————————— e 2 e e e e e e e
| | | i I

[ 6 | 1 | 16.7% | 100.0% | SHORT(QDR2101).

| R, | S | S ———— e e —————————————— - e = e

Table 4.4 Ambiguity Report



R

FAULT | SOLATI ON SUWARY

DESI RED AND ACH EVED LEVEL OF CUMULATI VE
FAULT | SOLATI ON PERCENTAGE

:SSSSss:sss:i:s:::==§l=====:===§===========I===a=====z==
[ I I : il . I
1 Il I 1 t |
1 K-A*3IGUITY | DESIRED I ACHIEVED i1 CLASS I NUMBER I|
i i |

I ) GoFebsP ol GaFaX-F- 1 .. .fod.Pul |
1 I ! 1 { I
I R E IR IR AR R RISSSSSS I IESE=d =2 el  ISSSS. ISSS.:SI:SSSSS
| | I : | ! H
| a | 0.C2 - | 103.0% 1100.02 | S :
| | | 1 |

! I [ | ! i
| 2 i 5002 | 100.02 | 0.02 ¢ O =1
| | | H } |
i i i N i .
i & | 50.02 | 103.02 t 0.02 t o .t
| | | | | | |
MUM3EP 3F FAILURE MODES 2 7

NUM3ER OF EQUIV. CLASSES : t

DESIRED LEVEL OF DIAGNOSIS: 100.0X
ACHIEVED LEVEL OF DIAGNOSIS: 100.02
FAULT ISOLATION IS SATISFACTORY.

Table 4.4 Ambiguity Report (continued)
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)

')

O

)

- ~

o

aO0OON O O

FAILURE MODES 1 2 3

SEG ( 12) STIMULUS ( 7) MEASUREMENT (

NUBER DF TESTS USED : 1
NUMBER OF EGUIVALENCE CLASSES ¢ 3
ENTROPY REJUIRED FOR ISOLATION : 2.807
CURRENT ENTROPY : 1.557
CAFACITY (THEORETICAL MAX.) : 1.585
EQUIVOCATION : 1.251
EFFECTIVENESS : 0.982
MEMBERSHIP IN EQUIV. CLASSES 1 2 3
“SE@ ( 15) STIMULUS ( &) MEASUREMENT (
NUM3SER JF TESTS USED : 2
NUMEER JF EQUIVALENCE CLASSES. -: ¢ .
ENTROPY REQUIRED FOR ISOLATION : 2.807
CURRENT ENTROPY H 2.522
CAPACITY (THEORETICAL MAX.) H 24585
EQUIVOCATION : 0.286
EFFECTIVENESS : C.976
MEMBERSHIP IN EQLIV. CLASSES 1 23

SEG (  3) STImULUS ( 2) MEASUREMENT (

NUMSER JF TESTS USED : 3

NUMBER OF EGUIVALENCE CLASSES : 7

ENTRCPY REJUIRED FOR ISOLATION : 2.807
CURRENT ENTRQPY : 2.807
CAPACITY (THECRETICAL MAX.) : 2.807
EQUIVOCATION : 0.000
EFFECTIVENESS : 1.000
MEM3ERSHIP IN EQUIV. CLASSES 1 2 3

INDIVIDUAL AND JOINT ENTROPY VALUES

1) ASSERTION (

1

1) ASSERTION (

A

1) ASSERTION (

I

1

1

5

1.557
2.522
2.807
2.522
2.807
2.522
2.807

2

S

3

é

SEQ STIM MEAS ASSE ENTROPY JOINT ENTROPY
7 7 1 12 1.557
g8 8 1 1¢ 1.379
2 2 1 2 0.592
1 1 1 1 C.592
3 3 1 5 0.592
4 4 1 7 0.592
5 S 1 9 0.592
é é 1 11 0.0G0

ouT OF & CANDIDATE TESTS

2.522

3 ARE RETAINED

3)

3)

2)

E]QUIV.

O NN N W

CLA

Table 4.5 A2100 - Test Setup Optimization Report
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N

~

')

INPUT 1S A MULTIPLE VALUED DIAGNOSIS MATRIX
OF ASSERTIONS wILL 3E GENERATED

- NO NEGATIONS

NUMBER OF TESTS (OR ASSERTIONS) PER DIAGNOSIS WILL BE MINIMIZED

DIAGNOSIS
TESTC 12)
TEST( 15)
TESTC 2D

DIAGNOSIS
TESTC 164)
TESTC 17)

DIAGNOSIS
TESTC 12)
TEST(C 17)

DIAGNOSIS
TESTC &)

DIAGNOSIS
TESTC 142
TESTC 15)

DIAGNOSIS
TESTC 1)

: 1

STIMULUS (
STIMULUS(
STIMULUS

: 2
STIMULUSC
STIMULUSC

H 3
STIMULUS

- STImMULUS(C

: 4
STIMULUS ¢

: S
STIMULUS (
STIMULUSC

: é
STIMULUSC

7)
2)

2).

7)
3)

7)
§)

2)

7)

2)

7)

MEASUREMENT(
MEASUREMENT(
MEASUREMENT(

MEASUREMENT(
MEASUREMENT(

MEASUREMENT(
MEASJUREMENT(

MEASUREMENT(

MEASUREMENT(
MEASUREMENT(

MEASUREMENT(

TOTAL NJMBER OF TEST SETUPS
TOTAL NUMBER OF ASSERTIONS

SHORTEST
LONGEST
SHOGRTEST
LONGEST

TEST SETUP
TEST SETUP
CONJUNCTION
CONJUNCTION

Table 4.6

A2100

®s 60 00 00 eo oo

-3
~ o

1

W~ =00 W

ASSERTION(
ASSERTION(
ASSERTION(

ASSERTION(
ASSERTION(

ASSERTION(
ASSERTION(

ASSERTION(

ASSERTIONC
ASSERTION(

ASSERTION(

2D
1)
n

3)
3

1
3

2)

3

2)

LOGIC
LOGIC
LOGIC

LOGIC
LOGIC

LOGIC
LOGIC!

LOG1I Ct

LOGT Cf
LOGI C!

LOGIC

- Logic Optimization Report



B. NOPAL Tables For The Voltage Regulator and Time-Delay Circt

The failure dictionary for the circuit contains 54 failure
modes. All applicable default (single catastrophic) failures :
described in Section 3.2 are included. 9 failures are due to
resistor shorts. It is assumed that the components and cablinc
of the interconnecting device cannot have any failures. The
complete failure dictionary is contained in the accompanying
computer tape and listings. It is not included in this report
due to its length.

The binary and multiple valued diagnosis matrix and
assertions tables are also not included in this report. In the
reports there are 34 test setups and 84 assertions. On the ave
there are 2.5 assertions per test.

The ambiguity report (Table 4.7) shows how 45 failure mode
are isolated in 27 equivalence classes. The failures in each
equivalence class have identical electronic behavior. 1In the
no-diagnosis class (i.e. nominal) the open failure of zener dic
CR2103 could not be diagnosed. This is due to the fact that
given the light loading of the circuit, the potentiometer can
adjust the output to 16 volts. However the short failure of tl
zener can be isolated uniguely. The open failure of the capac:
C2103 (0.01uF) could not be diagnosed because it is in paralle.:
with a relatively large capacitor C2102 (68uF) which has +-=5%
tolerance. It is not possible to distinguish between the open
(class 10) and short (class 11) failures of diodes CR2104 and

CR2105, These diodes are one of the same type and are connecte
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\VoloUETr REFGAT (PALE  $)

ZEE SR EI SRR RS SRR RIS ST IS T2 ST S SIS R IR T SIS SR TSI RS R gz s S TE2 T SRS SIS RS I E S S B R E R I EE RS I EE S EE I I A ZEERIIISEIREEXNERZT R
| | |
)} EGUIVALENCE | K-AMBIGUITY | FAULT ISOLATION PERCENTAGE | FAILURE MODES INCLUDED
| CLASS | fommemmm e e |
] | | | |
| | | CLASS |  CUMULATIVE ]
] | | | }
IZSSES IS EEE TS S I TA NSRS ST ESEE g s S ES SIS ES S SRS SIS S SIS S S S S S S ESE I TS SRS TSI E S EE NS ES S S ESE RIS TSI R EEE S EEZE R E SIS EASEEEEESSEERESSEZISXIZE!
I | | | |
| 22 | 2 | Lo5% | 79.5% | OPEN(R210E), OPEN(R21D7).
e e beoeeeee — L R N PR e e
I | | | |
) 23 | 1 | 2.3 | 81,6% | coLL_OPENC(@a2103).,
R e e eee v o e
] 24 i 2 | 4.5% | 86.4X | GASE_OPEN(wQ2103), EMIT_OPEN(QQ2103).
| DI | R | S I eecmeceeecccccmsmeccecmee———————
| | 1 |
25 [ 1 | 243% | BB.6% | BC_SHORT(Q@2103).
e } ............... | S U U meccccecceca——a ———— —— - ——
] | | |
) 2¢ | 1 | 2.3X | 90.9x | BE_SHORT (@@2103).
e eeeem % ............... | R S e ee e mme s emeesecememaseseeemeeemenec—en———-
| | | |
| 27 | 1 | 2.3X ) 93.2% } EC_SHORT(QQ2103).
e el SRR | | G | B, ———— cmmmmccccccaoan —— - .-
) .
>
!
w
[N ]

Table 4.7 A2100-Voltage Regulator and Time Delay Circuit Ambiguity Report (continued)
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™

~

FAULT ISOLATION SUMMARY

DESIRED AND ACHIEVED LEVEL OF CUMULATIVE

FAULT ISOLATION PERCENTAGE

I E I T E R R R R s s X s 1  E 1 i s Tt T X R TRt E R R XSS E KT X2 F 1
| } I | | |
| | | o | {
| K-AM3IGUITY | DESIRED | ACHIEVED | CLASS | NUMBER |
| } | | | |
| I CoFelePol CaFolaPe | FoI, P, I |
| | I | | |
2 I E i R E st E X t R At st Rt ittt it it ittt ittt
| | | | | |
] 1 | 0.0% | 36eb4% | 26442 ] 16 J
| | ] l | |
- an ws e en " - - - e w e wmwaw - e - D D D D WD WD G S CH DGR WD D R DR "D D
| | | | | i
} 2 b Sy.0% 77.3% | L0.92 | ) |
| | } i | |
--------------—--\.---------------—-----o--—-----..--------
| | | | { |
1 3 I SC.0% | 93.25 | C.0% | 0 !
| l | | | ‘ |
| | | | |
| 7 I 83.0% | $3.2% 1 15.9% | 1 ]
i | ! | ! |
NUASER OF FAILURE MODES : 49

NUM3ER JF EGUIV. CLASSES : 27

DESIRED LEVEL OF DIAGNOSIS: 100.0%

ACHIEVED LEVEL OF DIAGNOSIS: $3.2%

FAULT ISOLATION 19 NOT SATISFACTORY.

Table 4.7 A2100-Voltage Regulator and Time Delay Circuit

Ambiguity Report (continued)



in series. The failures could be isolated to a single diode
if prﬁbing of their common connection point was allowed. Tt
open failure of resistor R2104 and thermistor RT2101 could r
be distinguished from each other for the same reason,

The complete optimization report of the test setup is r
included due to its length. Only the summary of the process
is shown in Table 4.8. The tests selected in this optimizat
phase exhibit a top-down fault isolation capability as discu
in previous subsection. The process is initiated with 34 ca
tests. Only 13 of these tests are sufficient to achieve the
same level of fault isolation.

The final report (Table 4.9) shows how 37 assertions of
13 remaining tests can be used in conjunctions to select the
diagnoses.

The selection of most of the diagnoses is very quick (i
they depend only one or two assertions. But the selection c
diagnoses such as diagnosis 5,9 and 27 are not obvious at al
They can be selected only after performing 4 or 5 tests., If
complicated selection logic had to be done manually, it woul
been very difficult to make the choices. These cases highlij

the benefits of automating the process.



.

INDIVIDUAL AND JOINT ENTROPY VALUES

SEG STI™ VEAS
N ASSE  ENTROPY  JOINT ENTROPY oy, cLAss
10 fcl) f gg 1.084 1.084 3
13 13 1 31 1.011 2.035 -
33 25 1 79 0.805 2.703 1
16 16 1 39 0.614 3.199 15
34 26 1 82 0.725 3.599 1o
18 .18 1 45 0.605 3.912 5o
17 17 1 42 0.825 4.206 25
6 6 1 12 0.455 4.465 59
19 19 1 48 0.361 4.546 30
20 20 1 50 0.133 4.622 31

1 1 1 1 0.361 4.694 32

21 21 1 53 0*455 4.755 33
2 2 1 4 0.310 4.806 34
3 3 1 £ 5382 " 4.806 24
4 4 1 - 0614 4.806 _ 34
5 5 1 | 0 006 4.806 24
7 7 1 11 0 8¢9 4.306 34
3 8 1 15 0.747 4.806 34
9 9 1 15 0.229 4.806 24

12 12 1 ¢ 0.361 4.806 34

14 14 1 29 0.650 4.806 - 34

15 15 34 :

: 1 0.614 4.806 34
22 21 2 36 1071 4.806 34
- 21 4 5 0.310 4.306 34
25 21 5 d 0.361 4.806 34
26 22 1 63 0.310 4 .806 34
1 22 2 66 0.133 4.806 24
28 22 3 6B 0.000 4.806 N
29 22 4 70 0'133 4.306 3
30 22 5 71 0.133 4.306 >
31 23 1 73 0'229 4.806 34

7 4.806 34

OUT OF 34 CANDIDATE TESTS 13 ARE RETAILED

Table 4.8 A2100 Test Setup and.‘Optimization Summay  Report
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A e T YR PR ks e fem e el Stk S ke o e e g e e e e T W et ke W e o B . mm t s o w1 s s ke

'S A MULTIPLE VALUEo DI AGNOSI S MATRI X

C
C.
C

.

_.

-5

I NPUT

-~ NO NEGATI ONS <OF ASSERTIONStalLL BE GENERATED

NUMBER OF TESTS COOR ASSERTI ONS) PER DIAGNOSIS WLL BE M N M ZED

DI AGNOSI S
TESTC 55>
TESTC 23)
TeSTC 31)
TESTC 79)
TESTC 39)
TESTC 52)
TESTC 42)
TSSTC 43)
TESTC 50)

DI AGNOSI S
TESTC 23)
TESTC 41)

DI AGNOSI S
TESTC 24)
TESTC 40)

DI AGNOSI S
TESTC 59)
TESTC 47)

DI AGNOSI S
TESTC 59)
TESTC 23;
TESTC 39
TESTC 45)

DI AGNOSI S
" TESTC 23)
TESTC 40)
TESTC 45)

DI AGNOSI S
TESTC 53)
TESTC 47)

DI AGNOSI S
TESTC 59)
TESTC 51)

DI AGNOSI S
TESTC
TESTC
TESTC
TESTC
TESTC

DI AGNOSI S
TESTC 53)
TESTC 31)

DI AGNOSI S
TESTC 50)

DIAGNOSIS

i Ak i =

: 1 -
STIMULUSC 21) MEASUREMENTC 3) ASSERTI ONC
STIMJULUSC 10 MEASUREMENTC ASSERTI ONC
STI MULUSC 13 MEASUREMENTC ASSERTI ONC
STI MULUSC 25 MEASUREMENTC 1 ASSERTI ONC
STI MULUSC 16 MEASUREMENTC 1 ASSERTI ONC
STI MULUSC 26) MEASUREMENTC 1 ASSERTI ONC
STIMILUSC 17) MEASUREMENTC 1 ASSERTI ONC
STIMJLUSC 19) MEASUREM'NTC 1) ASSERTI ONC
STI MULUSC 20) MEASUREMENTC 1) ASSERTI ONC
: 2
STI MULUSC 10 MEASUREMENTC 1) ASSERTI ONC
STIMULUSC 16 MEASUREMENTC 1) ASSERTI QNC
: 3
STIMULUSC 10) MEASUREMENTC 1) ASSERTI ONC
STIMJULUSC 16) MEASUREMENTC 1) ASSERTI ONC
2 4
STIMJLUSC 21) MEASUREMENTC 3) ASSERTI ONC
STI MULUSC 18) MEASUREMENTC 1) ASSERTI ONC
: 5
STIMULUSC 21) MEASUREMENTC 3 ASSERTI ONC
STIMJULUSC 10 MEASUREMENTC 1 ASSERTI ONC
STI MULUSC 16 MEASUREMENTC 1)  ASSERTI ONC
STIMULUSC 16) MEASUREM cNTC 1) ASSERTI ONC
: 6
STI MULUSC 10) MEASUREMENTC 1) ASSERTI ONC
STI MULUSC 16 MEASUREMENTC 1) ASSERTI ONC
STI MULUSC 18 MEASUREMENT 1) ASSERTI ONC
T
STIMILUSC 21) MEASUREMENTC 3) AssprTjdoC
STI MULUSC 1£) MEASUREMENTC 1) ASSERTI ONC
: 8
STIMULUSC 21 MEASUREMENTC 3) ASSERTI ONC
STI MULUSC 25 MEASUREMENTC 1) ASSERTI ONC
: 9
STI MULUS( 21) MEASURCMENTC 3 ASSERTI ONC
STIMJULUSC 10 MEASUREMENTC 1 ASSERTI OMC
STIMIULUSC 13 MEASUREKSNTC 1) ASSERTI ONC
STI MULUSC 25 MEASUREMENTC 1) ASSERTI ONC
STIMILUSC U) MEASUREMeNTC 1) ASSERTI ONC
: 10 .
STIMULUS( 21) MEASUREMENTC 3) ASSERTI ON
STI MULUSC 25) MEASUREMENTC 1) ASSERTI ONC
: 11
STI MULUSC 25) MEASUREMENTC 1)  ASSERTI ONC
12
Table 4.9 A2100 Logic Optim zation Report
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1) LO3d CU »
1) LOGI CCS )
1) LOGI CCS )
1) LOGI CCS 3
1) LOGI CCS )
1) LOGI CCS )
1) LOGI CCS
1) LOGI CCS )
1) LOGICCS 3
1) LOGI CCS )
3) LOGI CCS )
2; LOGI CCS »
2) LOdcU )
2) LOGI CCS )
3) LOGI CCS )
2) LOGI CCS )
1) LOGI CCS )
1) LOGI CCS )
1) LOGI CCS )
1) LOGI CCS )
2) LOGI CCS )
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3) LOGICCS )
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3) LOGICCS 1
2% LOGI CCS )
2 LOGI CCS
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1; LOGI CCS 2
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TESTC M43~ STYIMULUSC

DIAGNOSIS
TESTC 5%)
TESTC )

DIAGNOSIS
7E€s7C S8)
TEST( 25)

DIAGNOSIS
TESTC 47)

DIAGNOSIS
TEST( 4%)

DIAGNOSIS
TESTC 31)
TESTC 44)

DIAGNOSIS
TESTC 43D

DIAGNOSIS
TESTC 31)
TESTC 52)

CIAGNOSIS
TEST( 53)
TESTC 32)

DIAGNOSIS
TESTC 33)

TEST( 44)

DIAGNOSIS
TESTC 33

TEST( 42)

DIAGNOSIS
TESTC 31)
TESTC 33)

DIAGNOSIS
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DIAGNOSIS
TESTC( 26)
TEST( 53D

DIAGNOSIS
TESTC 23)
TEST( 32)
TEST( 83)

DIAGNOSIS
TesTC 53%)
TESTC 24)
TESTC 31
TESTC( 37)

TOTAL
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: 13
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HE
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: 15
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s 2¢
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STIMULUS (
STIMULUS(

s 27

STIiMUpus (
STIMULUS
STIMULUS (
STIMULUS (

NJMBER OF TEST
NUMBER OF ASSERTIONS

SHORTEST TEST SETUP
LONGEST --TEST SETUP
SHORTEST CONJUNCTION

MEASUREMENTT"

83 °
21) MEASUREMENT(

1y MEASUREMENT(
21) MEASUREMENT(
10) MEASUREmMENT(
19) MEASUREMENT(
18) MEASUREMENT(
13) MEASUREMENT(
17) MEASUREMENT(
17) MEASUREMENT(
12) MEASUREMENT(
20) MEASUREMENT(
21) MEASUREMENT(
13) MEASUREMENTC
12) HMEASUREMENT(
17) MEASUREMENT(
12) MEASUREMENT(C
17) MEASUREMENT(
13) MEASUREMENT(
26) MEASUREMENT(
26) MEASUREMENT(
10) MEASUREMENT(
2€) MEASUREMENT(
10) MEASUREMENT(
13) MEASUREMENT(
26) MEASUREMENT(
21) MEASUREMENT(
13) MEASUREMENT(
13) MEASUREMENT(
14) MEASUREMENT(
SETUPS
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1)
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1
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ASSERTIONC
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ASSERTION(
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1
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3)
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3
3
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1
2)

3

2)
2)
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c)
2)

1
2)
»
1

WOBICCy )7 T

LOGIC(’ )
LOGIC(E )

LOGIC(’ )
LoGgrcs )

LOGIC(E )
LOGIC(E )

LO0GIC(’ )
L0GI c(& )

LoGIc(s

LOGIC(E )
LOGIC(E )

Logrcee
LOGIC(E )

LOGIC(E )
LO0G1C(E )

LOGIC(8 )
LOGIC(S )

LOGIC(E )
LOGIC(E )

LoGIC(s )

LOGICC(E )
LOGIC(E )

LoGcrces >
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LOGIC(E ) -

LOGIC(]
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LOGIC(&

LOGIC(E
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-
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4.4 NOPAL Test Specifications

The most important and final output generated by the top-
part of the system is the NOPAL test specification report. Thi
raport contains all the necessary information to generate an
ATLAS program which effectively performs the selected tests and
decides on the proper diagnoses. Figure 4.8 shows the NOPAL
test specification for the filter subcircuit. The first 12
lines are directives to the code generation.

The first test specified uses an ohmmeter to make a resist
measurement, The high side of the meter is connected to termin
and the low side is connected to terminal 3 on the printed circ
card. The resistance measured is stored in variable RA21 2 1.
When the unit is working properly, it is expected to measure
minimum 320 Kohm. The maximum measurement could be very high.
The ohmmeter is programmed to use 2.8 volt (2800 mV) dc referern
voltage source. The assertion requires that the nominal resist
be greater than 319 Kohm, If the assertion is true, the nomin
diagnosis is selected with a cohjunction. If it is not, nothir
is done. This situation is processed in another test module.

Test 2 refers to the resistance measurement which was
made in Test 1. If the resistance measured is less than 319 Ko
diagnosisré is selected; which in turn indicates that capacitor
C2102 has shorted.

Test 6 makes a complex impedance measurement across termin
3 and 2. The magnitude of the impedance measured is available
in variable Z221_3 6. Minimum expected impedance is 170 ohms,
the maximum is 390 ohms., 1 volt rms ac standard signal source
used as reference. The impedance measurement is conducted at

1K hertz. If the impedance is 280+-109 ohms, then nominal
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[+ NOPAL TEST SPECIFICATION SOURCE [INPUT, FILE: SAPLIST */
iL PROCESSOR OPTIONS SPECIFIED: SAPLIST,NOXRcFi,COOE,SEQ*E,NCXREF2,NOSOURCE2,TRACE=4,De

r NO.
[ e e e e e e e e e o e K e e e K K K L K K K K K e e e K e KRR A KK L KK e R KA K Ko KeoaHao KK IR Rk K
/ - ~3J
¥ NOPAL TEST SPECIFICATION GENERATED BY VERSIOh 1.2 (OCTOBER 79) *t
Is AUTCMATED TEST DESIGN FOR ANALOG CIRCUITS |
/s  DATE  12/19/79  TIMfc  17.42.22 *
/ - . >3

1 NOPAL SPECIFICATION A21CO ;

2 TEST 1 5 /+ ISN * (3, It 1 1)

3 MEASUREMENT  1( 1) ;

“ COvJ: < A21.2 t Ail.3 > *

L OH*KETER< RA21.2.1 CHK, 3.2EC5, 1.2£5fc, 2SCC) TARt: RA21A2.1 ;

5 ASSERT: RA21_2z1 > 3.19000E05 ;

¢ LCGIC <  1): & 1 o

7 TEST 2 5 fe XSNO* <4, 2L 2) ¥l

§ AEASL'REMENT  2<  2) ;

9 AiSERT: RA21.l 1 < 3.19COCEO05;

10 LOGIC (23  ~& 4 ;
Jxcancennn e n A nnx - - r A AR AR

11 TEST 3 ; /1SN s (12 7, 1, 1) ¥

12 MEASUREMENT  3(  2) ;

13 CuNd: <€ A21 3 « A21 1 > o= .

z OH*KETSR< f?A2173.2 (iHM; 4.5EC2* 7.5E02, 28CC) TARC: RA21.3.3 ;

14 ASSERT: R*217i33 ~ 6.C1QCC5C2 s+ 1.53CCGEC2 ;

15 LcGlc (21 & 1,8& 2;
e

14 TEST 4 ; /F ISN 5 (13, 7. 1 2) *

17 MEASUREMENT — 4(  4) ;

12 ASCLRT: RA21.3.3 < 4.4?000EO02;

19 LQGK (  4): & ot -
e U

26 TEST 5 /* ISN = < 14 7, 1, 3) ¥

21 MEASUREMENT 5 (5) ; .

22 ASSERT: R;21 _3_3 > 7.54GO00E02;

23 LOGIC (  5): & 4, & 5 ;
/***(( 4 << IR I S

26 TEST 6 ; /* ISN = ( 15» & 1f 1) ¥

25 MEASUREMENT &0  €) ;

éé Cund: < Act 3 « K21 2 >z

2¢ ZRETERC ZF2T_3_6 CHfc, *C.17F02+ 0.39EQ3* 100C, 100C ) TARG: 2A21_3.6 ;

27 ASSERT: Z*21 i 6 * ;.&LCOCE02 + 1.C9000EO0* ;

28 LCGIiC t e): * 1 , & 5 ;

29 TEST 7, [ 1s* (17, 6, 1, 3) +t

30 MEASUREMENT 71  7) ;

31 ASSIST: 2>?1_3.6 > 3.VCGOOE02 ;

32 LGGICC  7): A 1 % | 3

/************************************************************************** * kK

Figure 4.8 NOPAL Teét Specification for A2100 Filter
- Subscircuit
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/* . UUT CCMPONENT FAILURE DICTIONIRY *,
/+ ' *,
Iﬁi"'itttiiﬁ"i'gtiitta 2 EIEE2Z22ZEZ2RZEZRLEARREZRRZARIE RS ERRRL R 22 REdR 2t B

3 CCMF_FAIL " 1: ALL _CCMPS s FAILURE=NOMINAL sy INDEX= 0 ;

34 COMP_FAIL 2: R2101 » FALLURE=OPEN s INDEX= 0 ;

3s COMF_FALIL : €2101 sy FAILURE=OPEN » INDEX= 0 ;

3¢ COMP_FAIL s C21C1 s FAILURE=SHORT s INOEX= Q0 ;

37 . COMP_FAIL ¢: WOR21CH » FAILURE=OPEN s INDEX= 0 ;

38 COMP_FAIL 7: GDR2101 s FAILURE=SHORT e INDEX= O ;
/Q!* AR R AN A PR AP N RN A RARRA R R AN T PR N AR R R RN R R IR RRRN P A RN IR R IR AN RN AT AN RSN AT AR
Al *
It DIAGNCSES AND SPECIAL MESSAGES *
/e *
[ R R R R R R R R RS EE XY 2223 222223 22 22 2 2R RS2 R RIRER 2R S22 R 222222 2222 28 J

39 LIAGNOS IS 1: ’

29 OFERATOR FPESSAGE:

39 . AFFECTED COMPONENTS =

39 NOMINALCALL _CCMPS)

39 PRINT= GOOO_UUT ;

40 CIAGNOSIS 2:

X CFERATOR MESSAGE:

40 AFFECTED COMPONENTS =

40 CPEN(F2101)

40 PRINT= CONJLNCTION

41 CIAGNGS IS 3z

@1 OPERATOR NESSAGE 3

41 AFFECTED CCMPONENTS =

41 OPEN(C2101)

41 PEINT= CONJLNCTION ;

62 DIAGROS IS 4:

2 OPFRATOR NESSAGE:

&2 BFF:CTED COFPONENTS =

62 SHORT(C2101)

42 PRINT= CONJLNCTION ;

154 BIAGNOSIS 532

43 OPERATOR PESSAGE:

47 AFFECTED CCMPONENTS =

43 oPEN(GCDR2101)

42 PRINT= CONJLNCTION ;

44 CIAGNOSIS é:

44 OPERATOR NESSAGE :

44 AFFECTEC COMPONENTS =

44 SHORT(GDR2101)

44 PRAINT= CONJLNCTION ;

4S DIAGNOSIS 7:

45 OPERATOR PFESSAGE:

45 PRINT= BAD_LUT ;

/AR R R R R R AR R AR RN AR R AR AR RN A AR ARSI RAR AR AN N ARSI R AN AN AT AR TR A RN AR RS AT RN kY

“é MESSAGE CONJUNCTION:

bé TEXT="POSSIELE FAULTY COMPONENT(S) -=-=-7,7C(0)° ;

07 MESSAGE NODIAGNOSIS:

&7 TEAT="FOLLCwING FAILURES (INCLUDING ANOMINAL CASE)”,
47 “ WERE NOT OIAGNOSABLE =-==7,7(C)° ;

Figure 4.8 ©NOPAL Test Specification for A2100 Filter Subcirct
' (continued)



4s PESSfIliIE GOGE_UUT:
as TEXT*"**** GOOD UUT *****x
49 MESSAGE BAD UUT:
49 TEJT*' **** BAD UUT ***** ;
/****~k*********~k~k**~k*********~k~k************************* * k Kk k k k Kk * * k k kK k k kx Kk kx *
/*
/ - UUT AND ATE FUNCTI ONS
50 FUNCTION: NOMNAL t TYPE = ft PARAFTT<COMP tS REAL) ;
51 FUNCTION : OP £N ., " TYPE * f, PARAM=(COMP ,S REAL) ;
52 FUNCTION: SHCRT , TYPE + F, PARAM*<COMP.,S READ ;
53 FUNCTION: OHI*METER ¢ FUNCTION TYPE ' M; *PINS * 2
53 PAKAP_1 * (RESISTANCE, T REAL, LIMIT * (OHM, 1CE6* 0>)»
53 PARAP*2 « (MN.RtS, S REAL, LIMIT = (Oh*, 1CEtf, 0),
53 PARAJ*>. * CPAXARcS, S REAL, LIKIT s (OhK, 10fcg C)>,
53 P4RA.*% * <REFZVCLT; S RIAL, Li~IT * (fcVvOLT, tUE3; -10£3>),
53 COrtFgNITS a 'AUTOKANGING OHMMETER*;
54 FINC TICN: VOLTMSTER, FLNCT1ON TYPE = 7, %PINS » 2
54 PARAAMANl  * (VCLTAbBE, T REALt LIKIT ®* (VGLT, 2CO; -200));
54 COKMINTS s 'AUTOHANGING VOLTMETER, WIDTH U6,7M$EC, 10Q0 SAPPtES';
55 FUNCTION: AMFMETER ¢ FUNCTION 7YPSE * rt, ~PIN$ * 2,
55 ’ PA»A* 1 « (CIRKENT, T REAL, LIMIT * (AMP, 9, -9)),
55 COMMATTS « <“CURRtNT ThROtiGH THE PObBER SUPPLY —ESUPPLT";
56 FUNCTION: ZMCTER ; FUNCTION TYPE * M, *PINS * 2.
56 PARA~.1 = (CAPLX,IMP, T REAL, LIMIT * (CHW, 10E3; 0));
S6 PAftA»32 % LFIN.I"P» S REAL, LIMIT = <Oh!% 1Ctd, C));
56 PARAFA 5 ("AXAIHP, S REAL, LIMIT « (Oh~; 1C"6; C))»
56 PARAI-% ° (P{TFAVCLT, S REAL, LI*1T * (VOLT, 7, 0));
56 PARA!>*5 = (FHE<.UCN’CY, S REAL, LIMIT * (HZ, 12E2, 10)),
56 COM/EfITS = 'AUTOftANGING COMPLEX IMPEDANCE - FAGN1TUOS METER';
57 FUNCTION: ESIPPLY, FUNCTION TYPE = S, APINS * '»,
57 PARAf-A1 s (VCLTAbf, S REAL, LIKIT = (VCLT, Itg 0)),
57 PAKAA2n s ClIsT_StsS, S REAL» LIMIT = (OHM, 4, Q));
57 COMKCENTS * '®hc*h SUPPLY —OC?A, MAX 9AMP, 1A7TzRES IGNORED*;
/A« " * AL " FHFF L FFE G RFE L K FF L i KA FEEE R R KR R K g KKk K Rk kR ok ok <K e KK o KKK K kK kK K KK K K K kK K o o
/.* UUT TEST TERMINALS
/*
7R P ek ek ok ko ke kK kK ko x k ok k k ko x ko x kx|
58 UUTAPOIN'T: AC1"3 9 CONNECTORS JS )
/*  GrOUNO
59 UUT _POINT: A 21 X , CCNNECTOR=( J8 >
/ - JN .
60 UUT_PCINT: A~1.2 > CONNECTO«=s( J8 )
/ft*k****k***kk***lkk***k**.**k Kk ok K Kk K Kk k K Kk Kk Kk k Kk Kk Kk Kk Kk Kk Kk * Kk Kk K* * 4 * * * Kk Kk k k K Kk Kk k Kk Kk Kk Kk Kk Kk *k Kk K
I* ENO CF NOPAL TFST SPECIFICATIONS
[+
[ KKK o KK K K K K KK R K K K K K R K K K K K o oo KK o K f LK KK K K K R Kok K K K K K Kk Kk K K K K K Rk Kk K K K K K Kk Kok K K
di ENOA710C ; )
tPROR/ WAR SI NG MESSAGES GENERATED DURI NG NOPAL SYNI AX ANALYSIS:
o STATI STI CS* NO. OF SAP ERRORS * 0 , HO. OF WARNINGS = 0 . NO* OF STATEMEf

Figure 4.8 NOPAL Test Specification for A2100 Filter Subcircuit
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1gnosis is selected. 1If a higher than 390 ohms is measured
ther capacitor C2101 or resistor R2101 could be open.
Following the test modules, UUT components and their failure
1ctions are listed. Failure number 3 (short of R2101) is
itted since this class of failures were considered unlikely
i dfopped from analysis. The diagnoses identify the affected
nponents and issue a message when they are selected.
The UUTband ATE functions define and describe the function
1 their parameters. These functions were described in Section 3.3
The NOPAL test specification for the voltage regulator and
ne delay circuit is similar to the specification described
ve, It is not listed in this report due to its length. A

oy of the listing is available on the accompanying computer tape.



4.5 ATLAS Program

The bottom part ofithe NOPAL system generates ATLAS progra
from NOPAL specification. Figure 4.9 is an ATLAS compiler list
of a program used to test the filter subcircuit. 1In the beginn
of the program, test module, diagnosis, and affected component
names are uniquely identified with an index. Then, a number of
system variables and constants are declared. A disk file named
"UPCX21" (inecluded during compilation) contains the actual DIU
pin assignments to the test point names used in the NOPAL speci
cation. Another disk file named "UPFLBS" (also included during
compilation) contains the ATLAS fﬁnction library of all the fur
used in the specification. "AFF-COMP.PRINT" is a utility proce
which points the failure name of a component for given subscrir
"UPFIP" is another disk file which contains utility procedures
keep track of the fault isolation state. These procedures are
not essential to the execution logic of the program. They mere
provide a fault isolation status summary upon program terminati

Each diagnosis in the NOPAL specification becomes a diagnc
procedure in the ATLAS program. In the beginning of the proced
there is a check to determine whether or not the diagnosis is
actually selected. This check is done only for those diagnoses
which are selected by conjunctions. If it is a diagnosis selec
unconditionally or by disjunction, this code is omitted. Then
there are a few lines of code which keep track of the affected
components. Finally the text of the message to operator is iss
This code is omitted if there is no message in the diagnosis.

Each test module in the NOPAL specification becomes an ATI

test procedure. First, a number of system flags are set, Ther

4=-43



12/13/79  AN/USM 410 (XE 3) PEV 1,02 PARE 1

3

DECLARATIONS OF SYSTEM VARTARLES 3
DECLARE NIGITAL, LIST, SYS NIAG=FIAB(TY S
DECLARE DECIMAL, °SYS.S=TIME’ § :
NDECLARE DECIMAL, °‘SYS.D=TIME’ §
DECLARE QECIMAL, ‘SYsS.nNumMmy’ <
NDECLARE DFCIMAL, °‘SYS NAME’ 3
DECLARE NECTMAL, LTIST,°SYS.*TESTS IN FONMJ’(T7) S
NDECLARE NIGITAL, LIST, °SYS.TEST=FLAG’(7) 3
DECLARE DIGITAL, °SYS.FLAG’® §
DECLARE DIGTITAL, °*SYS.ASRT-FLAG’ ¢
NECLARE DFCIMAL, °SYS.TIM’, °‘SYS,TIME’ =
DECLARE NECIMAL, LIST, ‘SYS.CLOCK'(A) <
NDECLARE DECIMAL, °SYS.I’ =
DECLARE DIGTTAL, ‘SYS.,Y/M° S
DECLARE DIGITAL, '"SYS.STATF’ s
DECLARE DIGITAL, °‘SYS.SFLFCT*® 8
NECLARE DECIMAL, LIST, ’AFF=CNMP NAME’(1) S
NDECLARE DIGITAL, LIST, °AFF«CNMP SELECT (1) S
NDECLARE DECIMAL, LIST, ‘AFF«CNMP WHFRF’(7) S
DFCLARE DTGITAL, LIST, ‘AFF=CNMB _STATE’(7) S
DECLARFE DFCTMAL, ‘AFF=-COMP_ TFST* ¢

1 REGIN EQUATE PROGRAM ‘A2100=SMALL’ ¢
2: C NAMFES IMDEX
3: C axx TEST MODULES #x+
42 € *TEST.9’ e 1t
B E *TEST.10°’ .- 2
h: C *TEST.11° e 3
7¢ C *TEST.12’ e 4
8: C ‘TEST,.13' - g
9: € *TEST. t4’ e A
0: C *TEST.1S' v 7
1¢ €
2: ¢ *ex NTAGNOSES #xx
3: C ‘DIAG,.L° e 1
as € ‘NIAG.4° - 2
s: C ‘DIAG,.H’ .- 2
AT ‘NnIAG.2° .- 4
: C ‘NIAG.S’ e 5
L ‘DIAG,3’ .- &
1 € ‘DIAG.T’ - 7
s C
N x+*% AFFECTEN COMPONENTS x»=
H SHORT(RNR2101) LD |
: C OPEN(QDR2101) - 7
s C SHORT(C2101) o= 2
: C OPEN(C2101) .= 4
HE SHORT(R2101) - 5
: C OPEN(RZ1N1) - A
HEE NOMINAL (ALL-COMPS) e= 7
c
c

s 06 o8

80 60 88 80 88 20 20 00 20 e 08 00 2% 30 20 00 00

M EBEEEEESEBRBEBLINWANANWANANWIANINUYNNYNULDMNONY YN e b ot s —h et

D O® NP AB ANNUV~DO0DPNDTPAESEAN—DOINTALE NN O®®N

St OECLARE DECIMAL, °‘AFF=COMP,COUNT® 8

s2: DECLARE DTGITAL, ‘AFF=COMP,CHANGE’ S

53: *xx COMSTANTS *+x S

S4: DEFIME °‘SYS.SELECTED® , B’10° S

S5 NEFINE ‘SYS,NNT SELECTEN’ , B8°01° S

S6: DEFINE °*SYS,NNT TESTEN® , R*00° § Figure 4.9 ATLAS
S7: DEFINE °SYS.TESTED’ , B°10° § For A2100 Filter
58 DFFIMNE “SYS.SKIPPED’ , B°01’ ¢ '

sq: DEFIME °SYS.#8NIAGS’ , s

7
50 NDEFIME °*SYS.2#TESTS?’ , 7 8



12/ t3/ 7« AM/ USM aiO (XE 3) PEV 1.02 PACE 2

A1 DEFINE 'SYS.TRUE' , B'I' S

621 DEFI NE 'SYS. FALSE' , B 'O %

83 DEFI NE ' SYS. OONT KNOW, B' 00 ~
442 OFFIME 'SYS. IS ,B' rt01*s

AS 2 DEFINE 'SYS.IS «MOT', 07010% «

bb ! CEFI VE 'SYS.MAY 9E', *'Olt' «

67 , DFFt ME ' SYS,MAY RF MOT', PMOO' 5
6a: DEFTNF ' SYS"COMPONEMTS' ,7 5

69: C U.IT PO NT DEFI NI TI ONS $

70: C FOLLOW NG DI SK FILE SHOULD CONTAIN THE
71 C M SSI NG EQUATR/ UUT Htt * Ay ASSI GNVENTS* $

Te: | NCLUCE "UPCX21" S

73 C A2100 '"JUI CONNECTI ONS S

74 frafr?ING * A21-1',, 525

7S: nfstr IR ' A21-?' ,- 515

768 DEFI NE ' A21-3'ir ~0S

774 CEFINF 'A2i-a',, 595

7812 DEFI NE ' A21-5',. 61%

791 DEFI NE '421-*.',, *>3S

an: DEFI NE ' A21-7',, 7?5s

813 DSFI ME ' A21-8',, 515

LY DEFI NE ' A21-"' (r 315

A3: C OFFI M '5NO', MS CFOoP THE MIN dAPCJIT S

ads C DEFI NE ' GNO , 505 C FOP THE SMALL CIRCUT $

aq: C MAC<?0O DEFI NI TI ONS $

fnt DEFI NE 'PRT,.TIME , 'SYS.CLOCK' CD, ¢ «*:",

AT: *8YS.CLOCK?(2), “azg:", ‘SYS.CLACK*(3)}, "rxzn §
aazx: ¢ DECLARATI ONS FOR USFR DEFI NED GLOPAL vaABRTABLES 5

fazs OECLAPE DECI MAL, '9*21-3-9' S

90 OECLAPE DECI MAL, ‘RA21eT=11" %

913 OECLAPE DECI MAL, ‘42 1w3w12* &

a2: ¢ SYSTEM UTILITY ROUTINES S

9%: DEFTNE PROCEDURE, 'GET.TIAE' S

9a: PEADCTI"E 'SYS.CLOC~A'CD ALL), SYS-CLOCK 5

95: 'SYS.TI«kE' s 3600*'SYS4CLOCK'fn + 60*'SYS.CLOC™ ' f2)
96 *8Ys.CLOCK (3] S

a7 END ' SET. TIME' S

941 DECLARF DECI MAL, ' SYSDEC. O1' «

ag: DECLARE DECI MAL, ' SVS;DFC. 02" S

g0: CS _

01: C USER PEFI MED ATE FUNCTI ONS $

g2s CS

03: | NCLUDE " UPFLAS! $

da: CEFINE PPOCEDURE, 'OHMVETEP' S

as5: DERLARE OECI MAL, ' OHMVETFP. PRMD1', .

ga: ' OHMVETER;PRMD2' , ' OHMVETEP. PP03' , ' OHMVpTEP;PRMDa ',
07 - ' OHMMETER. RES' , ' OHMVETEP:MAX' , *r »HMVPTFR.LL ', ' OHMMETEP. | U
na: *OANMVRTFR;LAST' , ' OHMVETFR,COUNT' , ' OMMMC:GPmP | * ¢ "NMWETI ;
aas " OHMMETEP. CNXO01' , ' OHMVETEP. CNvQ?* S

16: DECLARE DECI MAL, LIST, 'QHWMYTEP.PNS' (5) 5

113 'OHMMMETER RNG*(1) = 0 8

122 " OHWIPTFR:PMG C2) s 399% S 'OHMMFTFR.nms'fg) * 39999 §
132 ‘OHMMETER RMG Y (2) = 309999 5 *OMMMETER RMG*(S) = {F& ®

142 e OHWETFR. LAST' s ! 5

15: 10 ' OH*METEP«COUMT' s 0 S

1% COVPARE ' OHMVETEP. PRMO"' ¢ LT 406a & &nTa STFP 11 IF MQGO 5
17 « OHMMVETEP. LRI' * 2 « GOTO STrp ]a %

18¢ It COVPARE ' OHWMMPTEP. PRMO?' , LT 40000 S @QOIO STEP 12 IF MOGO S
19: e OHWPTFP. LPT* s 3 S GOTO STEP 1 $

302 12 CO'PAPF *OHWET?P,0P~0OP' s LT annnnn A £ATm e?80 «7 +m timna -
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19

20

22

AN/USM 410 (YE 3) RE

COHMMETER (LRT
‘OWMMETER (LRI’
COMPARE ‘NHMMETER ,PRM
‘OHMMETER URT’
COMPARE ‘QOHMMETER PRM
‘OHMMETFR URT’
COMPARE ’NHMMETER PRM
‘OHMMETER ,URT"’
‘OHMMETER JIJRT’
‘OHMMETER MAX’ =
CNMPARE

200

t o8O0

‘NHMMEFTER ,CNY
GOTO STEP 19 IF 6O
DISPLAY "PRNRE HI ",
MONITOR (RES ‘OHMMETE
REF=«VNLTARGE

CMY PROAE §
‘OHMMETER ,COUNT® = 1

*QHMMETER ,PRMOY *

vo1.02 FAGE 2
$ GOTO STFP 14 S
s

3°, LT 4000 & GOTO STEP 1S IF MOGO S

2, LT 40000 § GOTO STEP 16 TF NMORND $
$ GOTN STEP 1A ¢
s LT 400000 & GOTO STEP 17 IF NAGO S
£ GNATO STFP 1R S

S s

4
S
2 8§ GNTN STFP 1R 8§
3
3.
4

‘OHMMETER ,RAMG * (*OHMMETER ,LRT*) §

ot”’
s
‘AHMMETER ,CMX01°, "### L0 ",
R.,PRAMO1L’ NHM) , ITMPEDANCF,
MY, BES MAX

+ ‘DHMMETER.CMYN2’, LE 200 §
‘OWMMETER,
‘ORMMETER ,MAX*

:

GOTO STEP 21 S
INITIATE (RES ‘OHMMETER.PRM01‘ NHM), IMPEDANCE,

REF=-VOLTAGE °‘OHMMETER,PRAMAL’ MYy, RFS MAX ‘QHMMETER MAY'

CNY HI ‘OHMMETER,CNYO01’ LO ‘OHMMETEP cMXN02°S
READ (RES ‘OHMMETER,.PRM(1°® OHM), IMPENANCE §

‘NHMMETER ., COUNT’ = °*OHMMETER.COUNT’ « 1 S

COMPARE °‘OHMMETER_ PRMN1*, GT 10EAS GOATN STFP 21 IF GO =

COMPARF ABS((’OHMMETER ,PRM01°="OHMMETER ,LAST’)/ ' OHMMETER PRMO]

‘NHMMETER ,LAST =’ OHMMETER ,PRMN1°S 1#0TO STERP 20 TF NNGOS

RECORSD ‘AFF=COMP TEST'’,"TEST ##: ",°’NHMMETFR _PRIMN1°/1EZ,
UHuug s a48 KONM, ", OHMMETER . PRMOAL’, "ggas vy, ",
(*OHMMETER MAX‘+1)/1E3, "aaas KOHM, ", OQHMMETER ,COUNT’,"
"CNY (", "ONMMETER.CNX01°,"##,", 'OMMMETER ,CNYN2’,"g#) "

COMPARE °*QMMMETER PRMO1’,

UL *OHMMETER RANG’ (‘OHMMETER ,LRI’) S
‘OMMMETER LRI’ = ‘OHMMETER,LQT’ +1 <
COMPARE ‘QHMMETER.LRI’, 6T ‘OHMMETFR.URI’
BREMQVE DC=STD $
END ‘OHMMETER’S

-3

60TN STEP 22 IF GO

+ 0,9 5 GOTH STEP 18

e EETTEEZZE TR RS R IR LR ST LR R REE F R LR R R R Y

DEFINE

30

31
32

33
34

3S

PROCEDURE, °*ZMETER’S

NECLARFE DECIMAL, ‘IMETER,PPMO1°’,

*IMETER.PRM02’, *ZMETER.PPMN3’, *ZMETER POM0O4’, "ZMETER ,PRMO
*IMETERLRES’, *ZMETER MAX ', *ZMETER,LL*, *ZMETER UL,

*IMETER LAST’, *ZMETER,CNUNT*, *ZMETER (L RT*, *ZMETER LIRT*,
*ZMETER,CNX01°, “ZMETER,CNX02°S

NECLARE NECIMAL, LIST, ‘ZMETFR,APG’(2), ZMETFR.RNG’(S) $

"IMETERANG’ (1) = 0 §

PIMETERRNG’ (2) = 3400 8 C7METER,RNG’(3) = 36000 S

‘ZMETERRNG’ (8) = 360000 § ‘*ZMETER.RNG’(S) = 1fs 8

*ZMETERLAST’ = -1 §

‘IMETER,COUNT® = 0 ¢

COMPARE ‘ZMETER,PRM02’, LE 3400 8 GNATR STFP 31 IF NOGO S
*ZMETER,LRI® = 2 & GOTN STEP 34 ¢

COMPARE ‘*ZMETER_ PRMO2°’, LE 34000 S GOTO STEP 32 IF NOGND S

*ZMETER,LRI’ 38 60TN STEP 34 §

COMPARE ‘ZMETER,PRMOZX’,
*IMETER,IRT’

LE 34000 § GAOTO STEP 34 IF NOGQO 3
GOTN STES 33 8

COMPARFE °*ZMETFR_ PRMN2’, LE 360000 S GNTO STFP 33 IF NAGD S
*TMETER LRI’ = 4 § GATA STEP 34 ¢
*ZMETER,LRI’ = S s
COMPARE °‘ZMETER,PRMO3’, LE 3600 § GATO STEP 35 IF NNGO §
“ZMETER,URI’ = 2 $ GOTO STEP 32 ¢
0 L

3 s
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36 COVPARE #ZVETEP. PPMD3', LE 3*0000 « GOTO *TF» 2?7 |F NMHGD *
"ZMETER. URI' s a S GOTO STEP 3* ?
37 "TMETE*.iJPI' = 5 n
33 ' ZMETER M4X' * ' Z"ETE*. PMG C ZMETFP.LRI') <5
COVPARE ' ZMETFP,C*X01' * *ZMETES.Q\»X02', LE 200 $
QOTO STE® X |F Q@ S
DI SPLAY "PROBE H ", '7METER. CMX01' , "*** LO ", ' ZMETEP.CNX03!
MONI TOR fIMP *ZMRTEP, APG' f!1) OWMM DEG H75, | MPpoAMCE#FPEO *ZVETEP. P«-
PEF- VOLTAGE *ZMETER;PPMO4* W, |IMP My *7MFTER;MA*' HHV
CVX HT #*ZMETEP. CNX01' LO *ZMFTEP. CAXO? V?
" ZMETEP. COUNT' 2 1 $
AOTO STE® ai 5 _
39 | NTTTATECI MP *£METEP. APG* (1) OHM OFS- HZ) , TMPEDANCF#FREO ' 7MPTEP. P
°EF- VOLTAGE 'ZMFTE' .PP"Ca' M,, IMP MAX *ZMSTE»,MAX* OH",
ONX H *7METER. CWOI # LO ' Z ETFP.OWr»? ¢ 5
ao PEAO CTWP. *ZMETEP. APG*fl) OHM OEG HZ), | MPEDANCES
*ZMETER.PPW1* s * ZMETEP.4PG' f 12 o«
*ZMETER  COUNT' s *ZMETEP,COUMT" « 1 S
COVPARE ' ZMETER. PPMD1%, GI 10E6S GOTO STFP ai IF QO S
&) MPARR A8M( t *7METER,PPMD1' -' ZM -TEP. LAST') / ' 7METEP. PSMO1* ) , LE 1
#*ZMETER, LAST*s' ZMETEP. PPMCI ' S GOTO STEP 40 |F NOGOS
at PECOPO *AFF- CAMP,TFST# - TEST **| ", 'ZAETFR PPMO VI F3r
Wan HEE KOHM, ", *ZMETER ARG’ (2), "#8d NEG, *,
*ZAETER JARG* (3), “aa8s HZ o, 'ZM-TEP. PPMX', "unuu MV, %
f ' ZMETER. MAX )/ | E3; "#**.* KOHM Y, ' ZMETFP. COUNT#* 't .&f TIMES,
"CMf" ,#7TMEt ER* CNXOL1*, »** * *ZAETEP, CAXO?#, "**) "S
COVPARE “ZNMETEP,PRMO * o
1L *ZMRTEP. RMG*f *7TMETEP*LPI ) « GOTO STEP a2 IF GO S
*7METER. LRI' s ' ZMETER4,LPI# >1 S
COVPARE ' ZYETER.LRI'# GT #ZMETEP*UPIV « 045 % GOTO STEP 33 IF WD
42 PEMDVE AC-STD"$
END ‘ZMETER'S
C*t**ttt*fﬂiiit*ii**i*tt********ttttt*******i*i*tt**i*!***r'ti***itts
DEFI NE PROCEDURE, ' VOLTMFTER S
DECLARE DECI MAL, ' VOLTMETER. PRMOL' , ' VOLTMETER. RFS?,
" VOLTMETER. CMX01' , ' VOLTMETEP.r MXO2' S
MEASURE (VOLTAGE 'VOLTMETER RES' V),
OC S| CkMAL#CELAY 0.1 SFC,
OW H ' VOLTMETFR CWO01'
LO ' VOLTMETER. CMX02' J
70  MEASURE (VOLTAGE 'VOLTMETER PRWMD1' V),
OC- SI GMAL, DELAY 0.1 SEC,
C'X H ' VOLTMETER. CMX01'
LO ' VOLTMETER. C"XO?' S
COVWPARE ARSt C' VOLTMETER. PRMD1' -' VOLTMETFR. RES' ) /' VOLIMETEP. PPMQ #) |
LE 0. 00555
GOTO STEP 70 |F MOGOS
RECOPO ' AFF- COVMP. TEST', "TEST **: NEAUPEO «,'VOLTMETER. PRMOL -,
*UUU* V, OW H *,
" VOLTMETER. CNXOL' , »* LO ", ' VOLTMFTER. CNXQ?*, "™ 't ¢
ErO ' VOLTMETER S
Ct*x**it**t***i**t!ttt*t**#t*t*i***tt*t***t*****’t******i***i***trtts
DEFI NE PROCEDURE, “ESUPPLY' $
DECLARE DECI MAL, ' ESUPPLY. °PMDt ' , ' ESUPPLY;PRMD2 ', ' ESUPPLY4RFS"',
‘ESUPPLY CNXNL®, "ESIIPPLY.CNYXN2*e
REMOVE 0C2AS
APPLY OC- S| GMAL DC2A, VOLTAGE ' FSUPPLY. PRMQL 'V,
OW H ' ESUPPLY.CNXCt ' LO ' ESUPPLY. CWQ?' S
RECORD ' AFF- COMP. TFST', "TEST *#z APPLIED DC2A, ",
' ESUPPLY4PRMD1®, "Uttn* V¢ QW HT ». . page 4-47
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‘ESIIPPLY.CNYOL’, ™% LN ",
‘ESUPPLY CNYX0Q2', "2 " §
MEASURE (CURRFMT ‘ESUPPLY.PES’ 1),
NC=SIGNAL,RELAY 0,1 SEC,CNY Pr2A
RELQORN " MEASIRED ", ESUPPLY,RES’, "y md88 AMPS THRI)
END °‘FSUPPLY’ S
Ct********t*r********t***t***it****t*ﬁ***ﬁ**i*t**i***t**t*****f***

DEFINE PROCFEDURFE, °‘AFF=CNMP_ PRINT’S

)
]
3
]
)

)
) 300 COMPARE ‘SYS.I’, LT 2 § GOTN STEFP 205 IF NOGN §
| RECORN ‘AFF=COMP , COUNT’,"#n#: SHNART(ANRA101)I"S GOTO STEP
3NS5 COMPARE °*SYS,I’, LT 3 8 GOTN STEP 310 IF NOGO $
RECORD ‘AFF=COMP,COUNT’,"#u#: QPEN(ANR2101)"S ROTN STEP 3I°
310 CNMPARE *SYS,I’, LT 4 S GOTN STFP 315 IF NQGO S
RECNRN ’AFF=COMP COUNT’,"4n#: SHORT(CP21N1)M™S GOTN STEP 33t
315 COMPARF °*SYS.I’, LT S 8 GNTO STFP 320 IF MNGO ¢
RECORD ‘AFF=COMP COUNT’,"2a4%: OPEN(C2103)1%"S GOTN STEP 335
3290 COMPARE ‘SYS.I’, LT & § GOTO STEP 325 IF NOGO S
RECORN ‘AFF=-COMP COUNT’,"s#x2: SHORT(R2101)"S GNTN STEP 33°
325 COMPARE °*SYS.I’, LT 7 § GOTN STFP 330 IF NNGO S
RECOQN ‘AFF=COMP COUNT’, "#aeg: OPEM(R2101)%S GOTN STEP 335
330 RECORND ‘AFF=COMP COIUNT’ , gt NOMIMALCAILL=-COMPS)"s
335 END °AFF=COMP PRINT’S

INCLUDE ™ypFriIpP® §
DEFINE PROCEDURE, ‘PRINT.NDONT KMOW’ S -
RECORD PLIST OF COMPONENTS FOR WHICH NO NDIAGNOSIS HAS REEN MADE:*
*AFF=COMP COUNT’ = 0S
FOR ’SYS.T’ = { THRU °‘SYS.#COMPONEMTS’® THENS
COMPARE ‘AFF«COMP ,STATE’(’SYS.I’),FN ’*SYS.NOMNT KNOW’S
GOTO STEP 710 IF NOGO S
CAFF<COMP ,COUNT® = ‘*AFF-COMP_.COUNT’ + 1| S
PEQFORM ‘AFF=COMP PRINT’ 8
710 END FOR ¢
CNMPARE ‘*AFF-COMP,COUNT’,BT 0 §
GOTD STEP 711 IF RO &
RECNRDN "xxx NONE #*x+x * §
711 RECORD "END OF LIST," 8
END ‘PRINT.DONT KNOW* §
NEFINE PRNCEDNURE, ‘PRINT MAY RE’ s
RECORD "L IST OF COMPOMENTS WHICH MAY RE AFFECTEN:"S
‘AFF=CNOMP COUNT® = 0§
FOR *SYS.I®° = 1t THRU ‘SYS.ZCOMPONENTS® THENS
COMPARE ‘AFF-COMP ,STATR’(°SYS.I°),FN ’SYS.MAY RE’S
S0TN STEP 720 IF NOGO <
‘AFF«COMP COUNT® = ‘AFF=CNMP _COUNT’ + .1 %
PERFQORM °*AFF-COMP _PRTNT® $
720 ENN FOR S
COMPARE ‘AFF«COMP,COUNT*,GT 0 §
GOTN STEP 721 IF G0 S
RECORN “xx%x NOMNE x2% " §
721 RECORD "END OF LIST.™ s
ENN ‘PRINT MAY BE’ §
DFFINE PROCEDURE, °PRINT.MAY BE MAT’ S
RECNRN "LIST OF CNMPONENTS WHICH MAY NOT BE AFFFCTED :" §
*AFF«CAMP COUNT’ = 0S5
FOR °*SYS.I’ = 1 THRU °*SYS.2COMPONENTS® THEMNS '
COMPARE ‘AFF-CNMP_ STATE’(’SYS.T°),EN ‘SYS.MAY BE NNT’S
GOTN STEP 730 IF NNGO S
*AFF<COMP.CAUNT® = *AFF=~COMP.COUNT’ + 1 §
PERFNRM *AFF<COMP PRINT’ S
730 END FOR $ ’

- = - .A
e vv e vw TS UG U8 06 66 60 60 00 00 00 00 48 00 SO 00 00 G4 00 40 05 S8 00 00 10 00 00 00 00 20 08 40 00 G0 00 00 €0 06 0% 00 00 0 40 20 00 08 45 SO SO D 8 05 3O S0 S8 b o0
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301: COMPARE ‘AFF=-COMP,COUNT’,GT 0 8§

302: GNOTN STEP 731 IF GO %

203: RECORN "wwx NONE *%x+ " §

.04 731 RECORD "END OF LIST." §

30S: END ‘PRINMT ,MAY RE MAT’ §

306: DEFTINE PROCEDURE, °‘PRINT,IS’ S

307: RECONRD "LIST NF COMPOMENTS WHICH ARF AFFECTEN: " §
308: "AFF=COMP ,COUNT® = Q%

209 FOR ’SYS.I’ = 1 THRU °‘SYS,#CNMPONENTS’ THENS

3102 COMPARE ‘AFF«COMP, STATE’(°SYS.I’),EN °*SYS.IS’S
311 GOTON STEP 740 IF MOGO %

312 ‘AFF=COMP ,COUNT’ = ‘AFF=COMP ,COUNT’ + 1 8

313 PERFNRM ‘AFF=CNMP PRINT’® §

314: 740 ENND FQOR ¢

315: CNMPARE ‘AFFCOMP,COUNT’,ET 0 §

316 GOTO STEP 741 IF GO ¢

3172 RECORND "x+x NOME #%xx ™ S

21AR: 741 RECORD "END 0OF LIST.,” S

310 END °PRINT,.IS’ § -

220: DFEFINE PROCFDURE, °‘PRINT,IS MOT’ S

321: RECORND "LIST NF LOMPOMENTS WHICH ARE MAT AFFECTSN "8
3222 ‘AFF=COMP ,COUNT’ = 0S

32X FOR ‘SYS.I’ = 1 THRY ’‘SYS.2COMPOMENMTS’ THEMS

324: COMPARE °*AFF=CNMP STATE (’'8YS.I’),ER ‘SYS.IS MOT’S
32s: GATO STEP 750 IF NOGN ¢

31262 ‘AFF«COMP ,COUNT’ = °*AFF=COMP CNUNT’ + 1 &8

3127 PERFNRM °*AFF=COMP _PRINT’ §

328: 7S0 END FQRP 3§

29: CNMBARE ‘*AFF<-COMP,.COUNT’,6T 0 S

1302 GOTN STFP 7S1 IF GO $

821 RECNRD M"wxwx MONF x2» " 3§

132 751 RECORD "END OF LIST." S )
132z ENM PRINT,IS NMOT® S

1342 DEFINE PRACEDURE, ‘AFF«COMP_UPNATE’S

i35: FOR ‘SYS.I’ = 1| THRU ‘AFF=-COMP . COUNT’® THEN S
1362 ‘SYS MAME =’ AFF=CAMP MAME*(’SYS.I’)S

137 e *SYS.STATE'=’AFF«COMP _ STATE *("SYS. NAME*)S
138 ‘SYS.SELECT = AFF=CNMP ,SELECT’(*SYS.I*)e
‘392 COMPARE ‘SYS.,STATE’, EN °*SYS.NONT KNNW’S

40 GOTO STEP 760 IF NOGNS

413 GOTO STEP 74AS

42: 740 COMPARE °*SYS.STATE’, ER °SYS.ISs’s

B3 GOTN STEP 7hA1 IF MOGOS

a4 COMPARE ‘SYS, SELECT’, EN ’SYS.I8°’s¢

as: GOTOD STEP 746 IF K0S

4s: COMPARE °‘SYS,SELECT’, EQ °*SYS.IS NOT’S
a7v: GOTO STEP 767 IF GOS

48: COMPARE °‘SYS.SELECT®, EQ °‘SYS.MAY BE’S
49 GOTO STEP 7A8 1IF GOS

S0 50TN STEP 7A7S

51¢ 761 COMPARE °*SYS.STATE’, EN °SYS.IS NNT’s
GOTO STEP 762 TF NOGAOS
= COMPARE °SYS.SELECT’, ERN *SYS.IS’S
BOTN STEP 747 1IF 60S
COMPARE °‘SYS.SELECT’, EG °SYS.IS MOT’S
GOTN STEP 746 TIF £0S
COMPARE °*SYS,.SELECT’, EA °*SYS.MAY RE°’S
GOTN STEP 767 IF GNS
GOTO STEP 7AA8S Pag
762 COMPARE °*SYS.STATE’, FAQ “SYS.MAY RF°’s

[CRR VPV IIEY V I IRV I Y% | RV | ]

D 0PN N E NN
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GOTO STEP 742 IF MOGOS
COMPARE °*SYS.SFIECT’, EA °*SYS.IS’S
GATN STFP 765 IF 60S
COMPARF °*SYS.SELECT’, EN °*SYS.IS MOT’S
0TD STEP 744 IF GOS
COMPARE *SYS,SFELECT’, EQ °*SYS.MAY BE'’S
GATD STEP 764 IF GOS
SOTN STEP 7648
763 COMPARE °‘SYS.STATF’, EN ’‘SYS.MAY BE MOT’S
GOTO STEP 768 IF NOGOS
COMPARE °‘SYS.SFLECT’, ER °SYS.IS’S
GOTD STEP 764 IF GOS
CNMPARF °SYS,.SELRCT’, ER ’SYS.TS MOT’S
GNTN STEP 7k6 IF GOS
COMPARE °*SYS,SELECT’, ER ‘“SYS. MAY BE’S
GOTN STEP 764 IF GNS
GATD STEP 76AS
764 RECORD "wxx WARNING: FAULT TSOLATION LOGIC TNCOMSISTANCY"S
765 RECORD "CNMPONENT:", °*SYS,NAME®, ®* #suug™e
RFECARD "_AST STATE:", °*SYS,.STATE’ R 2, "™ R'uzanm’; ",
"IN TEST:", ‘AFF‘CUMP.WHEQ;'('SYQ.NAVE'}, L2 R LY 3
RECNARN "CURRENT STATE:", °*SYS.STATE’ R 2, " Q’'waaug’; »,
"IN TEST:", *AFF<CNMP_TEST’, " 2842 "s
766 *AFF-COMP_ STATE’(’SYS.NAME’)=’SYS.SELECT S
‘AFF=CNMP WHERE * (*SYS, NAME')=’AFF=CNMP TEST <
50T0 STEP 768 'S
767 RECORD "xxx ERROR: FAULT ISCLATION LNGIC IMCNANSTISTAMCY"S
BNTO0 STEP 74SS
768 END FORS
END ‘AFF=COMP  UPDATE’S

2 uu.ﬂ|ru|g(““‘w»a\ua)V(rJ]R'Nﬂjw:)«)m'qd‘dlblufu*'o~00)4(PU3¢U‘N~‘C>O\D\JGuﬂﬂ“dﬂ)~=31)$"43‘dl°-hﬂ);

S0 90 00 0@ 08 S0 €0 06 00 00 G0 00 00 08 G0 20 P 08 08 0 08 60 €0 .0 0 06 s 08 40 s

C******tiﬁ****Q*t**f**i***i**t***#******’ﬁ************t******ﬁ**t*
C**t*********i***fi***t*f********t**t******ttt****i**tt***********
c DIAGMOSES PROCS $
Ct************t********************************t********t*ﬁ***i***
C***************************1*********t*****i**i'ﬁﬁ**t*************
1000 DFFINF PROCEDIURE, ‘NDIAG.1’ §
*SYSLETESTS IN CONJ’ (1) = °SYS,#TESTS IM COMJ’(1) = 1 S
CAMPARE °SYS.,#TESTS IN COMJ’(1), LE 0 ¢
GNATN STEP 1008 IF MQGO $
‘AFF-COMP COUNT* =t S
‘AFF=COMP NAME’ (1) = 7 S
"AFF=-COQMP  SELFCT (1) = *SYS.MAY RE’ S
PERFORM °*AFF-COMP IJPDATE® §
RECNRD "wxxx GOOD UUT 2xexe™ §
*SYS,NTAG=-FLAR’(1) = °*SYS.SELECTED’ ¢
1008 END ‘DIAG.1° ®
C*t*t***#t*i*#*i***ti****i****t****'***it**ti*t***t***?***********
1100 DEFINE PROCEDURE, ‘NIaG,a’ S
*SYS,ATESTS IN CONJ*(2) = °*SYS.Z#TESTS IM CONJ’(2) = 1 S
COMPARE ‘SYS. #TESTS IM CNMJ°(P), LE 0 e
eATO0 STEP 1108 IF NOGD S
‘AFF<COMP COUNT® = 1 & -
*AFF«COMP MAME (1) = 3 «
PAFF«COMP SELECT (1) = °SYS.MAY BE’ S
PEQFORM ‘AFF=COMP UUPNATE’
RECORN *PASSIRLE FANILTY CAMPONENT(S) ==<!LSHORT(C2101) "
‘SYS.DTAG-FLAG’(2) = °SYS.SFLENTED’ S
1108 END °‘DIAG .4’ S

M EEE TR R R R LSRR E2R R 2R R 2R RR RS RR 2R R R LR LS R R R 2R R RN

00 00 90 020 60 €3 20 06 55 V0 50 00 00 00 00 CO 0 CF 00 00 00 00 ¢4 & 20 s0 68 2% o3 o0
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1200 DFFINFE PRNCEOURF, ‘NIAG.A° ¢
*SYS.#TESTS IM CONJ*(3) = °*SYS,#TESTS IM CoOMJ*r3) -« 1 3
COMPARE ‘*SYS.#TESTS IM COMJ’(Z), LE 0O ¢
GATN STER 12nS IF NOGO S
*AFF=COMP COIINT® = 1| S
'AFF«COMB NAME’(fTY = | 8
‘AFF«COMP ,SELECT (1) = ‘SYS.MAY RE’ S
PERFQRM °*AFF-COMP_UPDATE® S
RECORN "POSSIRLE FAULTY COMPOMEMT(S) e==!LSHORT(ANR2101) "
*SYS,NTIAG-FLAG’(3) = °*SYS.SELECTED’ S
1208 END °’NDIAG.,6° S
C**t*****t***i*tif*i****i**t*i**ttt***********************f*********i
1300 DEFINE PROCEDURE, °‘DIAG.”2’ §
‘SYS.4#TESTS IN CONJ’(4) = ‘SYS.2TESTS IN CNMJ‘(4) = t S
COMPARE ‘SYS.4TESTS IN COMJ‘(4), LFE 0 <
GOTO STEP 1305 TF MQGO 8
*AFF=COMP ,COUNT’ = 1| §
*AFF<COMP NAME’(1) = 4 ¢
PAFF=-COMP SELECT (1) = °SYS.MAY BE’ S
PERFNOM ‘AFF-COMP IJPDATE’ S
RECNRN "PASSIALE FAULTY COMPONENT(S) -==!LNPEN(RP101) ™ S
‘SYS.DIAG-FLAG'(A) = 'SYS.SFLECTED’ S
1308 END ‘DIAG,2° $
:******t*t*********t*t*********t*tiﬁi******tﬁt***t****t*****t*****#tt
1400 DEFINE PRQCEDURE, 'NIAG.S’ S :
*SYS.ZTESTS IN CONJ’(S) = °*SYS.4TESTS IM CNNJ’(S) = 1 S
COMPARE °*SYS.#TESTS IM £AMJ’(S), LE 0 ¢
GO0TD STEP 1408 IF NNED S
PAFF=COMP _COUNT’ = 1 &
'AFF=COMP NAME’ (1) = 2 ¢
'AFF-COMP _SELECT'(1) = °‘SYS.MAY 8F°‘ S
PERFORM ‘AFF=CNMP UPNATE’ S
RECORD "PASSISLE FAULTY COMPONEMT(S) ~==!LOPEN(RDR2101) ™ §
*SYS NIAG=FLAG’(S) = °SYS.SFLFLTED® S

1408 END °DPIAG,S* §
R I P T T P P P P E I R P PP P P P PR T R PR LT
1500 NEFIME PROCENURE, ’'NIAG.3’ ¢

*SYS.ETESTS IN CONJ’(R) = ‘*SYS.2TFSTS IN CONJ’(A) = 1 §

CNMPARE ‘SYS.%#TESTS IN FONJ’(6), LE 0 ¢

GOTN STEP 1505 IF NOGO S

‘AFF=CAMP ,COUNT’ = 1 S

‘AFF=COMP NAME' (1) = 4 §

*AFF-COMP SELELT (1) = °*SYS.MAY RE’ §

PERFORM ‘AFFCOMP , USDATE’ $

RECORN "POSSIRLE FALLTY COMPANENT(S) ==<=!LNPEN(C2101) ™ §

*SYS.NDIAG=FLAG’(6) = ‘SYS.SFLECTEN’ §
150S EMD °*DIAG,.3’ §
I EXXZZREXZEEEZEXIRERRERLZZR S RRRXR RS ZSSRRRR2R22 AR XX RRX2 R AR 2R XXRR YRR RE SRR R X
1600 DEFINE PRNCEDURE, °‘NIAG.7° S

RECORD "xaxx BAD UUT *xxx™ &

*SYS.NIAG=FLAG’(7) = °SYS.SELFECTEN’ S

END ‘DIAG.7° $
I Z XS X EEREX R R E AR R2AL AR LA RRARRRARRR 2R 2R R R R 2R AR R R X R R XA R RRRRRRRRRA R X R X
I EEE 2L R EEERAERLA AR AR RR AR SRR AR 22 R R il 2R d i R AR R RRARRRRRREEEEERES LR R XY

TEST PRNCS S
I EE SR FE IR R R RELEREA RSP AR R RRRR AR EE AR 2 2R R AR R 2R R R R R EE R R R R EREEERE R R R BT
I 22X X2 ERL 2R REERR AR R R RRRRRRZRRA R AR R R R R R R SRR RRREL R R XR X REEEREEEEEDTRR
1700 NEFINE PROCENURE, °TFST.9° §
*SYS.FLAG® = *SYS,TRUE® &
*SYS ASRT=FILAGR’ = *SYS.TRUF’ §
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*AFF=CNMP «TEST' s | 5
‘OMMMETER  CN*01' s 'A21-2' 5
" OHMVFTFR. CNX02' 2 ' A21-V *
" PMMVETEP. Pff MO?' s 3. 2E+05 *
'QEMMETER ,PPW3* s 1.2F+5* S
POMMMETER PRMOA’ s 250 S

1705 PERFORM ' OHMVETEP' S
* PA21+2-»9' s ' OH*M TFRe PPMOL' $
' SYS. DEC. 01' s 'nHWM TFR. PES' ~
COWPARE #PA2t -2*9%, GT 3.t9f| OCE+05 *
GQOTO STEP 1710 IF QO *
#SYS, FLA6' s ' SYS, FAI SE S
#SYS* ASPT- FLAG' s #*SYSAFALSE' *

1710 COVPARE ' SYS"FLAG #95 *5YS*TPUE' *
GOTO STEP 1715 TF NOGO S
CEPFOPM “DTAGF1* %
1715 #*SYN,TEST- FLAG-(1) = ®SYS. TESTEQF ~
END "TFST:q* S
C**tt*t*ii (RS E LR L LR EAL SR 2R A2l iR iR Rl il il R R Ll R Y L)
1300 DEFI NE PPOCEOUPE# *TEST.10% *

#SYS. FLAS* s #SYM. TRUE* «

#*SYS,ASPT- FLAG s #SYS, TPUE* S

*AFF- COMWPLTEST? s 2 5

COWPARE #RA2| -2-0*, LT ~,19000E+05 %
QOTO ?TEP 1805 IF QO *

"SYS,FLA(?' s *SYS. FALSE* S

' SYS. A55RT- FLAG s ' SYS. FALSE' $

1705 COVWPARE #SYS,FLA«" , FQ #*SYS,TPUE* «.
GOTO STEP 1810 IF WO S
PERFORM “DTAG;4" S
1810 #SYS. TEST*FLAG'C?) s ' SYS. TESTFD S
ENO ' TEST,10* 5
Ct*t*iti*i (222 L2222 2Rl RRER iR 2R R 2R EsXNRRRR R R R LI
1900 DEFI NE PROCEDURE, *TFST. 11% 3

#3SYS. FLAG" s #SYS. TRUE* *
' SYS. ASRT- PLAG s *SYS,TPUE* S
#*AFF- COMP. TEST? s 3 5

s HWETEPAONXF I 1' s “A21-3* S

" OHWETFJ9. OMX02' s #A21*i# S

‘OWMMETER ,ARMO2* = & SE+02 $

FAWMMETER BRMOZ® s 7ISF+O > s

‘OHMMETE® ,BR™M04° s 2800 5
1905 PE9FOPM *OHMVETE»* S

*RA21 -3*t1# s 'ovm W ?TER*PPMO! # S

' SYS. OEC. 01* s *OHMWTFR.RES* $

#SYS. OEC. 02% s U53000E+0? «

COVWPARE *RA21-3*11%# UL "+ QO nonE+03 > #SYS,DEC*02* LL
6. 01000E+02 - ' SYS.PEC.02' 5

GQOTO STEP 1710 IF @ S

*SYSAFLAG' = #SYS. FALSF* S

#SYS, A<5PT- FLAG s ' SYS. FALSE' 5

1910 COVPARE ' SYS. FLAG ,E0 #SY8. TRUE* «
QOTO STEP 1915 IF NO*O S
PERFORM *DI AG,1* $

1815 #SYS«. TEST- FLAG (3) s "SYS,;TESTED" «

ENO '"TEST.Il* S
AL A2 LTS ARl ittt Rl il R Rl ati i R R R Y
2000 DEFI NE PROCEDURE, 'TEST.!?" *
: "SYS. FLAG s ' AYSTRIE 5
*SYS4;ASRT- FLAG s 'SYS.TRUE S
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5413 « AFF- COVP. TEST' a 4 « _

542¢ COPAPE ' RA21-3-11', LT a.aAOOCE+O? S
<412 GOTO STEP 2005 TF QO *

Jaaz ' SYS. FLAG* a ' SYS. FALSE' S

54§ ' SYS. ASRT- FLAG a ' SYS. FALSE' «

Sas: 2005 COVPARE ' SYS. FLAG ,EQ ' SYS. TRUE' 5
547 GOTO STEP 2010 IF NOGO «

S48 PERFORM ' DI AG. 6' S

s29: 2010 ' SYS. TEST- FLAG (a) a ' SYS. TESTFD 5
5502 END ' TEST. 12' S

551: c)**************************************************************
3523 2100 OEFI ME PROCEDURE, ' TFST.tV $

333 'SYS. FLAG s ' SYS. TRUE' S

554 ' SYS. ASRT-FLAG a ' SYS. TRUE' S

955: " AFF-COMP. TEST' a 5 S

$5563 COMOAPE ' RA21-3-11', GT 7.5a000E*Q2 s
5572 QOTO STE» 2105 IF @O S

33583 'SYS. FLAG a ' SYS. FALSE' S

5991 ' SYS. ASRT- FLAG a ' SYS. FALSE' 9

SA0 2105 COVPARE ' SYS. FLAG ,EQ ' SYS. TRUE' *
LR R GOTO STEP 2110 IF MOGO S

Se2t PERFORM ' 0TAG. 2' $

5632 PERFORM 'DIAG. 5' S

2::3 2110 ' SYS. TEST- FLAG (5) a 'SYS. TESTED* S
5‘,;,; E|********************E*****H******H***'***H******H******H**

§47: 2200 DEFI NE PROCEDURE, 'TEST. 14' $

56a ¢ ' SYS. FLAG a ' SYS. TRUE' 9

89 ' SYS. ASRT- FLAG a ' SYS. TRUE' S

370 " AFF- COMP. TEST' a 6 %

§712 ' 7METER. CNX01' a ' A2J-3' «

5722 ' 7MF. TER CNX03' a ' A21-2' 4

373 *ZWETER . PRVD2' a 0.17E+03 $

5743 *ZMETER  PRWD3' a 0.39E+03 S

758 *ZMETER,PPMOa’ a 1000 S

T3 ' 7METER. PRMQ5' a 1000 S

i77¢ 2205 PE' FORM ' ZVETE®' «

178¢ ' ZA21-3-14' a ' ZMETER PRVMD1' S

7oy ' SYS. DEC. 01' a ' ZMETFR. RFS' s

‘802 COVPARE 'ZA21-3-14', U, L1 7%tftfl=03 . 3.90000B+02 $
a1 GOTO STEP 2210 TF Q0 «

A2 ' SYS. FLAG a ' SYS. FALSE* S

a3 ' SYS. ASRT- FLAG a ' SYS. FALSE* 5?

As: 2210 COVPARF ' SYS. FLAG ,E0 ' SYS. TRUE' «
AS: GOTO STEP 2215 TF NOGO S

Ak PERFORM 'ni AG.1' S

87% 22t5 ' SYS. TEST- FLAG (6) a ' SYS. TESTED 5
ra: END ' TEST. 14' 9

aq= cl kkkhkhkkhkkhhkkhkkhhkhkkhhkhkkhhkhkkhhkhkkhhkhkkhhkhkhhkhkdhkhkhhkhk hhkddhhkhdhkk dhhkkrdhhkkrkdhkkikkikkikN*xk,k*k*x* ®
3‘1’; 2300 DEFI NE PROCEDURE, ' TEST.15' 9

"SYS. FLAG a 'SYS. TRUE' S

3es « SYS. ASRT-FLAG a ' SYS. TRUE' S

233 , « AFF-COMP. TEST' a 7 S

a: COMPARE ' ZA21-3-1*', GT 3.90000E+rt2 »
¥5¢ GOTO STEP 2305 IF GO 9

63 'SYS. FLAG* a ' SYS. FALSE' $

3712 ' SYS. ASRT-"LAG* a ' SYS. F4LSE' S

183 2305 COVPARE ' SYS. FLAG |2 ' SYS. TRUE' «
192 GOTO STEP 2310 IF MOGO 5 '

e PERFORM 'Ol AG. 2' S
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a01S PERFORM ‘DTAR,YX’ &
A02: 2310 "SYS TEST=FLAG’(7) = °*SYS,TESTED® <
a3 END °*TFST.1S° S

042 CrrenkrrtrrdvrrertrrrrrrtarrrrrrrirlererrrtrdorerRerererirredri
CHOARIEEZ R E 2R R EE 22 T 2T PR TR R R TR FE LR TR IR TR R 2R R F R PR R R
606: C SYSTEM VARTABLE INITIALIZATIQM AMD FIRST ENTRY POINT s

R N R sE T R R R R Y R S R R A R AR R L L T T DR L R E L L R R O g gy
DR E 2 Z IR EZEERITET LR R R R IE SR TR IR L L L LR TR LR REE RN

§09: £ 2409 PERFORM °*RET.TIME’ s

5102 RECOON "!X TESTING UUT: AR2100=SMALI"™ S

5112 QECOPN *SYS.CLAOCK’(4), "NATE #2/",°SYS.CLAOCK*’(S), "#n#
512 *SYS.CLOCK (), “u#dg TIME", ‘PRT.TIME’ §
5132 ‘SYS.TIM’ = *SYS,TIME® §

y14: FOR °*SYS,I’ = { THRU °SYS.#DTARS’ THFEN §

1S5 CSYS NIAG-FLAG (’SYS, T’)= ‘SYS MOT SELECTED’ s
y1h2 *SYS.2TESTS IM COMJ*(’SYS.I’) =0 8

y17¢ END FOR S

1182 FOR *SYS.I’ = 1 THRY ‘SYS.#CNMPONENTS’ THEM §

1192 *AFF=COMP _STATE(’°SYS.I’) = °SYS.DONT KNOW’ §
1202 ‘AFF=COMP WHERE’(°SYS.I°) = 0 S

21 END FOR S

22°% ‘SYS.2TESTS IN CONJ*(1) = 3 8§

232 *SYS.H#TESTS IN CONJ’(2) = 1 %

24: ‘SYS.HTESTS IN CONJ(3) =1 §

2 *SYS.#TESTS IN COMJ’(4) = 2 S

2 *SYS.#TESTS IN CONJ’(S) = 1 3

2 ‘SYS.ZTESTS IN CONMJ’(8) = { S

2 FOR °*SYS.I° = 1 THRU °SYS.XTESTS’ THFN S

2 *SYS.TEST=FLAG’(’°SYS.T’) = ’SYS.NNT TESTED’ s

3 END FOR S

2 C BEGTNMIMNGS OF TESTING s

3 (o8 b

3 C CONTROL PRECENING THE CALL NM THE TFST MODILF *TEST.9’ S
3 2500 *SYS.,FLAG’ = *SYS.TRUE’® ¢

? PEPFQORM ’TEST.9° S

2 c s

2 C COMTRNL PRECEDING THE CALL ON THF TEST MONULE °*TEST.11° S
? 2500 *SYS,FLAG’ = °*SYS.TRUE® §

3 PERFORM °TEST.11°’ 8

1} c s

! (of CONTROL PRECEDNING THE CALL OM THE TEST MONULE °“TEST.1a’ S
J 2700 ‘SYS.,FLAG’ = °*SYS,.TRUE’ 8

} PERFNRM °‘TEST.14° 3

} S

)

[z X9l

CONTROL PRECENING THE CALL ON THE TFEST MODULE °‘TEST.1n’ S
2800 'SYS.FLAG® = ‘SYS,TRUE’ %
PERFORM °*TEST.10° ¢

€ s
c CANTRNL PRECEDING THE CALL ON THWE TFST MONULE °TEST.12° §
2900 *SYS.FLAG® = ’SYS.TRUE’ $
PERFORM °‘TEST.12° ¢
c s
c COMTROL PRECEDING THE CALL ON THE TEST MADIWLE °*TEST.13° S
3000 *SYS.FLAGS’ = °*SYS,TRUE’ S
PERFORM *TFEST.13° S
$

oo

CONTRNL PRECENING THE CALL NN THE TEST MONULE °TEST.I15° §
2100 *SYS.FLAG’ = °*SYS,TRIIE’ %
PERFORM ‘TEST.1S5° S

OB ALEUWN S OO NTANEANNU~O OPITAEWUV—LOOD®NIPAR

08 06 00 00 50 50 00 10 08 00 €8 00 48 90 00 0 00 5 00 00 GO 00 O 05 00 10 40 48 00 20 0% 80 00 08 o8 e

c s
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PgPFOPM ' GET. TI M?*  *

3ECORD +«FINSHED TESTING AT%

"SYS. TIM

PECORO PU
PEMOVF ALL

s '"SYS.TIME* - "SYS.TIM S

'SYS.CLOCK' (J) s INT f'SYS.TTM'/SfrOni S
sys, TIM* s *SYS,TTM* - 3*00*'SYS.CLOCK" (1) §
*SYS.CLOCK*(2) s TNT(*SYS,TIMV~i0) S
*3YS,CLO0CK (3 = “SYS.TIM
PATION " , *PRT,TTME" S

55

PAGE

"PRT.TIM S

« 60**SYS .CLOC<"' (2) %

12

PECQPO "00 YOU WSH TO SEE THE FINAL FAULT | SOLATION 8

"(YIN)

" S

WAl T- FOP MANMIAL- QATA- 60- MOGO S

&Oro STEP

PEPFOPM 'PRINT.DONT KWOW' S

3205 IF MOGO S

BERFNQM 'PRIMT.I?' S
PERFQPA 'PRINT.IS ~«0T* $

PERFOPM *P

Pl NT;:MAY «E* S

PERFORM / PRI MT. MAY & (30" $
RECORD "DO YOU WSH TO RERUN THI'S PROGRAM? (Y/N)«
WAIT-FOR MANIJAL-OATA-GO-WOGO S

GOTO STEP

3210 IP W0GO S

RECORO "IP" S

&OTO STEP

2a00 S

RECORD "TERM NATE EQUATE PROGRAM A3t OO- SMALL' i P"

FINISH S

TERM NATE EQUATE PROGRAM ' A?100- SMALL* S

Figure 4.9

ATLAS Program for

A2100 Filter

Suhcircuit
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the ohmmeter parameters are assigned values (see lines 482-486).
After returning from the procedure, the target variable used in
the conjunction is assigned the resistance measured. This variak
is used in an assertion to compare its wvalue to 319 Kohm. If the
assertion passes, diagnosis 1 is selected.

The program execution ;tart on line 609 (statement number
2400) which is the only entry point to the program. In the
prologue, the system variables are initialized and then testing
starts on line 634. The sequence of testing is determined by
sequence analysis phase of the bottom part of the NOPAL system.
Because this sample program does not involve component protection
after-diagnoses etc., none of the test procedure calls are preced
by checks to determine the run time conditiocons, If there had
been any of these features used in the spacification, there would
have been additional code between test procedure calls.

After all test are performed, the test duration is printed,
and then all ATE devices are removed. If so desired, a synopsis
of the fault isolation state is printed. At this point the
operator may rerun the same program for another UUT or terminate
execution.

The ATLAS program for testing the voltage regulator and
time delay circuit is not included in this report. It is availab

separately on the accompanying listing and computer tape.



4.6 Evaluation of EQUATE Runs
A. Results from the Filter Subcircuit:

The program discussed in the previous section was used tc
test three different A2100 circuit cards. The printouts from
EQUATE VII are exhibited in Pigure 4.10. The first card teste
had a missing capacitor (C2101). Three tests were performed
before the failure was detected. The other two cards were goc
After card 2 was tested, the fault isolation state was printed
as requested. The long repetition in test 1, of cards 2 and :
is due to the charging time of capacitor C210l1l. This reflects
a deficiency in the test strategy selection and optimization
~algorithms of the NOPAL system. This is one of the areas whez
the current implementation can be improved.

B. Results from the Voltage Regulator and Time Delay Subcirct

Three A2100 cards were tested with the ATLAS program
(see Figure 4.11). This program did not have tests which reqt
probing of the UUT, therefore the ambiguity classes were large
The first card tested had a transistor failure which was not ¢
of the failures contained in the failure dictionary. Therefoz
no diagnosis was selected.

Card 2 contained two physically broken resistors R2105 ar
R2109, Because NOPAL generated programs can detect only sing]
catastrophic failures,multiple failures result in unpredictat
selected diagnoses., In this case open failure of R2105 was
picked up correctly. However the open of R2105 was not, inéte

a rather large number of other possible failures were given.



e e a4 3 Z1O0OOo—=ZMalll
DATE 12/14/7% TIME 14:.41: 433
TEST 1: v.HJ-/'l 410 “”':'FMI 250 MV, : d00 !"QHN. 1 TI-MEE“
TEST™ 1: 4S30417. 473 HoHM, 250 MV, 1000 EIHM, 2 TIMES,
TF=T 3 Q. 20 HOHM, 2200 MV, 4 H0OHM, 2 TIMESZ,
T & 110, 322 KOHM, =21 DEG, 1004 HZ, 1000 MY,
POSSIBLE FAULTY CIOMFONENT(S) ==-— )

OFEN(Z2101) :
FINISHED TESTING AT 14:48:18
DURATION 0: 3:34

oM

34 HIOHM,

I

20

CNX(SL, 3
CNX(S1, 5C¢)

)

DO YOU WISH TO 22E THE FIMAL FAULT ISOLATION STATE ? (Y/MN)
DO YO WISH TO RERUN THIZ FROGRAMT (Y/N)
,""‘ o .

TE=S=TINIG LT : AZ1OO0—Z=MAaL L
DATE 12/12/7% TIME 135:13:3S
TEST 1: 10701, 252 WKOHM, 250 MV, 400 KOHM, 322 TIMES, OCNX(S:, 30Q)
TEST 1: 10212 472 KOHEM, 250 MV, 1000 KOMHM, 112 TIMES, CNX(SL‘SOJ
TEST 3 0. 405 KOHM, 23200 MV, 4 KOHM, 2 TIME3S, LNX(S0.9
TE™T &4 0. 282 KOHM, =0 DEG, 1004 HZ, 1000 MY, 3. 46 KOHM, 2 "Mc-.
#h L DOOD UUT sedtsese
FIMISHED TESTING AT 13: 14:47
DURATICN 0: 312
DO YOU WISH TO SEE THE FINAL FAULT ISSLATION STATE ° (Y/MN)

-IaT OF COMPOMENTS
SHORT(QDRZ101)
OFEN(GZDRZ101)
SHORT(CZ101)
OPEN(C2101)
SHIRT(R2101)
DPEN(R210L)
ND OF LIST.
IST OF COMPONENTS WHICH ARE
¢ NONE  #%3¢
NB OF LIZT.
IST OF CCOMPONENTS WHICH ARE
®# NONE %*4
ND OF LIS

2T OF quPwN=MT, WHICH MAY
1: NOMINAL (ALL=-COMES)
D OF LIST.
ST OF COMPONENTS WHICH MAY
. NONE  wa
ID OF LIST.

FOR WHICH

..

‘7.‘.9‘.‘?5'?“."

NQ DIAGNOZIS HAS EBEEN MADE:

AFFECTED:

NQT AFFECTED :

BE AFF ECTED

NOT BE AFFECTED :

| YOU WISH TO RERUN THIS PROGRAMT (Y/N)

TESTING L7 :
TE 12/13/72 TIME 12:17: 351

AZ1OO—

=SMAall

3T . 1Q270. L 27 KOEM, 250 My, 400 KOHK. 51 TImES,

ST 1: 1C043. 301 KOHM, 230 MV, 1000 KOHM, 134 TIMES,

ST 3¢ 0. 62 KOHM, 2300 MY, 4 KOHM, 2 TIMES,

=T 4 0. 261 KOHM, =-O DEG, 1007 HZ, 1000 MV, 3. 4 KOHM,
4 500D UUT s ’

NISHED TESTING AT 13:21:14

RATION 0: 3.2;

YOS WISH TO ZEE THE FINAL FAULT ISOLATION

YOU WISH TO RERUN
WMINATE EQUATE PROGRAM

.gure 4.10

THIZ FROGRAM? (Y/N)
“AZ100-2 MALL’

EQUATE Printouts far +tha Dile-=

STATE 7 (Y/M)

~o

CNX (S1, 50
CNX(ZL, 300
SNX (30, 32)

2 TIMES,

TIMES,

Cara-

CNX (30,

Caed 1

LNX (S0, J1

CNX (S0, S1)



TESTI NG OUT: AS2. OO . Core ™
DATE 12/14/7? TINME 13:40: 34 '

TEST 1 1. 537 KOHM 230 M. 4 KCOHVE 2 TIMES* -CNX(39* 41)
TEST 3: 0. 301 KOHV 250 MW, 4 KCHW 3 TIMES* CNX(61* 39)
TEST 5 27. 662 KOHW 230 W, 40 KOHVF 16 TIMES* CNX(63*61)
TE~T 3 49. 643 KCHW 250 MV, 400 KCHw 10 TIMES, ONX<23* 63)
TL ; 11 1. 471 KCHV 2300 W, 4 KOHV 2 TIMES* ONX(39, d3)
TEST 14: 1. 127 KOHVF 2800 M# 4 KOHV 2 TIMES, CNX(25*63)
TEST 17: 1. 166 KOHVF 2300 M# 4 KOHM 4 TIMES, CNX(63* 41)

TEST 20: 0. 000 KOH* 2 DEG 1004 Hz* 1000 MV, 3.6 KOHVF 33 TIMES* ONX(41* 63
TEST 22: 0. 633 KOHW -3 DEG 1003 H2* 1000 M* 3.6 KOHW 2 TIMES* ONX(41* 23
ATTENTI ON OPERATOR:  UUT |'S SEI KO PONERED NOW
TEST 24: APPLIED DX2A* 25. 300 V. CNX H 39 LO 41 .
MEASURED 0. 0133 AMPS THRU DC2A
TEST 24: NMEASURED 23. 497 V, CNX H 61 LO41 .
ATTENTI ON OPERATOR:  UUT |'S BEI NG PONERED NOW
TEST 26: APPLI ED OC2A, 23. 300 V* CHX H 39 LO 41 .
MEASURED 0. 0123 AMPS THRU DC2A
TEST 26: MEASURED 3. 170 V* ONX H 63 LO 41 .
FI Nl SHED TESTI NG AT 13: 47i 5
DURATION 0: 6:31
DO YOU W SH TO SEE THE FI NAL FAULT | SOLATI ON STATE ? (Y/N)
DO YOU W SH TO RERUN THI S PROGRAM? ( Y/ N)

TESTI M5 UUT : AS1 OO Ceard #

DATE 12/14/79 TIME 18: 34: 4 -

TEST 1. 1. SO0 KCHVE 230 W, 4 KOHVE 2 TIMES. ONX(59, 41)
TEST 3: 0. 483 KCHV 230 W/, 4 KOHM 2 TIMES* CNX(61*39)
TEST 5: 34. 991 KOHVE 230- W, 40 KCHVF 10 TIMES* ONX(63* 61)
TFEAT 3; 74830. 566 KGM 250 MA 400 KOHM 1 TIMES, ONX(25* 63)
TL.f 11 1.302 KOHVE 2S00 M~ 4 KOHVF 2 TIMES, CNX(59, 63)
TEST 14:  666. 203 KOHM 2S00 M, 4 KCHVE 13 TIMES, ONX(23* 63)
TEST 17: 7. 450 KCHVF 2300 M 4 KCHVF 6 TIMES* CONX(63, 41)
TEST 17: 10, 752 KOHVF 2800 MW, 40 KOHVE 10 TI MES, CNX<63* 41)

TEST 20: 0. 000 KOHW 93 DEG* 1004 H2* 1000 M* 3.6 KOHM 39 TINES* ONX(41*6"
TEST 22: 4. 278 KOHW -83 DEG* 1004 Hz* 1000 M* 3.6 KCHM 6 TIMES, ONX(41*2!
POSSI BLE FAULTY COMPONENTS)_____

COLL- OPSNQXRi 01) OR BASE- OPEN(QQR101) CR COLL- OPEN<QR102) OR BASE- OPEN( QQ210:
POSSI BLE FAULTY COMPONENTS)_____

OPEN<QDR2102)

POSSI BLE FAULTY COMPONENTS)_____

OPEN<QDR2106)

POSS| BLE FAULTY COMPONENTS)_____

OPEN<R2103) OR OPEN( R2107)

POSS| BLE FAULTY COMPONENTS)_____

OPEN( C2104) . :
POSSI BLE FAULTY COMPONENT(S)
OPEN<R21009)

ATTENTI ON OPERATOR: UUT | S BEI NG PONERED NOW

TEST 24: APPLI ED DC2A* 23. SOO WV CNX H 39 LO 41 .
MEASURED 0. 0109 AVPS THRU 0C2A

TEST 24: .MEASURED 23. 499 V, ONX H 61 LO 41 .

ATTENTI ON OPERATOR  UUT |'S BEI NG POWERED NOW
TEST 26: -APPLIED DC2A, 23. 300 V* CNX H 59 LO 41 .

- MEASURED 0. 0107 AMPS THRU DC2A
Tr * 26: MEASURED 7. S49 V CHX H 63 LO 41 .
FI Nl SHED TESTING AT 19: 1:33
DURATION 0: 7: 29
DO YOU WSH TO SEE THE FI NAL FAULT I SOLATI ON STATE ? (Y/N
DO YOU W SH TO RERUH THI S PROGRAM? <Y/ N) :
gure 4,11 EQUATE Printouts for the Voltage Regul ator and Time Del ay



TESTING IJT: AZ1O0O
JATE 12/14/7% TIME 19: 4:42

TEST L. 1. 431 KOEM, 250 MV, 4 WKOHM, 2
TEsT 3 0. S33 KOHM, 220 MV, 4 FOmM, 2
TEST S: 34. 334 ROHM, 2TO MV, 40 KOHM, 3
rF=T &t Sl 14% KDHM, 230 MV, 400 KoHM, 11
T 11 1. 450 KOHAM, 2200 MV, 4 KCOMM, 2
TEST 14: 1. 112 HQHM, 2200 MY, 4 KOoHM, 2
TEsST 17: 1. Q07 ¥OHM, 2200 MY, 4 KCHM, 4

TEST 20: 0. 000 KDHM, 2 DEG, 1004 HZ, 1000 MV,
TEST 22. G. 714 KOEM, =% DEG, 1004 HZ, 1000 MY,
ATTENTION OPERATOR: UUT I3 BEING POWERED MNOW

TEST 24: APPLIES DO2A, 2% 500 Y, ONX HI % LD 41 .

MEASURED 0. 0172 AMPS THRU DC26A.
TEST 24: MEASURED 21. 043 V, CNX HI A1 LO 41 .
ATTENTION QFERATIOR: UUT I2 BEING POWERED NCW

FEST 26: AFPFLIED DC2A, 235 00 V., CNX HI 52 LO 41 .

MEASURED 0. 9149 AMPS THRU DC24.
FEST 24: Mraav*=n 12 497 , CNX HI 463 L 41
TOLLOWING FAILURES (IMCLUDINMNG NOMIMGL CASE)
WERE MCT DIQUNUTAE g ———
JOMINAL (ALL~-COMSS) OR SPFEN(RDR2103) OR
OR SHORTINDRZ1S4) OR JPEN(QDRIICS) R I=SRTIOD
SOLL=-0PEM(SQ2Z103) OR ZASE-CREN(QRAZICI) OR EMIT=
TINISHED TESTING AT 191213
JWRATION O 7:31

(=g
T
A
4

J0 YOI WISH T3 SEE THE FIMAL FAULT IZSOLATICN STATE 7

30 YOU WISH TQ RERUN THIZ PROGRAMT (Y/N)
TERMINATE EQUATE PROGRAM 421007

TIMEE: gNA\J.-x 41
TIMES, CMX{(&L, T3}
TIMES, OCNX(&3, 417
TIMES, OCNX(ZZ, &)
TIMES, CHNX{ZF, 23}
TIMES, CHMX(2T, 431
TIMEZ, 0CNXI&Z, 412
3.4 KoRM, 105 TI
2.6 «€2REM, 3 TIM
102 IR R
FEMIQRZLO3). .

{Y/ND)

mx

win

[

»

*

Card # :

oMK {41, &
CNX({41, 29

Figure . 4.11 EQUATE Printouts for the Voltage Regulator
and Time Delay Subcircuits (continued)



Card 3 was a good card. Because the test design in this
particular program did not utilize probing (to speed testing),
the nominal equivalence class contained a large number of semi-
conductor failures. In a test design which uses probing, these
possibilities were removed. The program included which is the
accompanving tape has the fault isolation capability shown in
Table 4.7. In this program all transistor failures are

diagnosable.



CHAPTER V
GENERATI ON OF A TEST PROGRAM AUDI O AMPLI FI ER CARD - A5100

The generation of a test program to diagnose and isolate
single catastrophic failures in the A5100 audio anplifier circ
card of the ANVRC-12 radio is described in the follow ng six
sections. Section 1 presents the theory of operation for the
circuit. This description follows the theory given is
TMb820- 409- 35- 34 Section A, pages 19-21. Section 2 contains
the input supplied to the top part of the NOPAL system Each
input option is briefly explained. An overview of the tables
generated by the systemis given Section 3. The NOPAL specifi
cation of the tests based on these tables is explained in
Section 4. The flowhart of the EQUATE ATLAS program which is
generated from the NOPAL specification is described in Section
Finally in Section 6, the printouts obtained by running this

program on either EQUATE V or VII are exhibited an eval uated.



5.1 AUDIO AMPLIFIER ASSEMBLY-~AS5100: THEORY OF OPERATION

The module provides two outputs, a high-level audio
amplifier output and a low-level monitor amplifier output
(Figure 5.1). The amplifiers are expected in the 300 through
3000 KHertz audio range. The monitor amplifier is described
under paragraph A, and the audio amplifier is described under
paragraph B.
A. A Simplified schematic diagram of the monitor amplifier
is shown in Figure 5.2. The monitor amplifier provides a fixed
level audio output Wwhich is independent of the setting of the
volume control. Capacitor C5101 couples the audio signal at
the output of filter FL5001 to the base of Q5101. The amplifie
output across load resistor R5105 is coupled through capacitor
C5103 to the interphone amplifer AM-~1780/VRC. During reception
of transmitted signals (no squelch), Q5101 is powered from the
16-Volt power supply. During sguelch operation, the éower sSupp
is disconnected from the monitor amplifer, thereby disabling th
stage; diode CR5101 prevents the transfer of an audio signal
through the base-to~emitter circuit of Q5101. Resistor R5104
provides emitter degeneration for gain stability. Voltage divi
resistor R5101 and R5102 develop the fixed bias portion of the
emitter-to-base bias. Resistors R5103 and R5104 establish the
self-bias portion of the emitter-to-base bias and are used for
current stabilization. Capacitor C€5102 is an audio bypass
capacitor.-
B. A simplified schematic diagram of the audio amplifier is
shown in Figure 5.3. The audio amplifier stages amplify freque

from 300 to 3000 hertz. The final amplifier stage uses power
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MONITOR AMPL

+16VDC —»
3
03104
c¢siot 2N328A
PUT FROM our - I5VF
N bk} ——
FILTER FLSOO! "’—ﬂ'—‘
' R A
. 3 ‘
v Su UTPUT TO
n T AM-IT R
RSi08 1780/VRC
2,200

ke
—— —
- -

Figure5.2 Monitor amplifier, simplified schematic diagram.

RSU3 cS108
68 IOUF

sievoc=AAA—Y

R5107

+16 vOC 1,200

TCHED BY
CH RELAY ~$————

K5002

RS110
18K

TM5820-409 -15-33

RS109 RTO!
INPUT 5,800
FROM
FILTER
FL300!
CRSI02 CS5104 ‘
JL_IN6d5 [.3UF
= AUDIO AMPL
+25.5V0C ‘ )
: csio8 7300 MUTED
. RSII4 RIS OIVUF OUTPUT
330 100 L
» : L. RTSI02 = ]
i ' : o ! |
TO GRD — : —
When ‘ R : : CRS104 :
xM16 IN3S65
csio7 0201 cRsiof %
ATUF (0402} ;
1 2N2978 NG4S 13 Kscot
]
] Ts00!
Qsi104 E UNMUTED
2N328A > OUTPUT
asioz o
2N33s8 RSI:('G _— .
4 ‘ 2200
' = NOTE:
EMITTER
FOLLOWER REFERENCE DESIGNATIONS IN
> RS112 PARENTMESES ( ) REFER TO
Qsio3 o RT-246/VRC AND RT-524/VRG,
= 2n270 esi08
T= eruF
== TM5820-409-35-34

Figure5 . 3 Audio amplifiers, simplified schematic diagram.
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transistor Q201 (Q402) and resistor R202 (R402) which are
not on the amplifier module. They are mounted in a heatsink
on the case. The output of the audio and squelch preamplifier
feeds through low-pass filter FL5001, to volume control R1l01l,
diode CR5102, and capacitor C5104 to the base of Q5002. The
amplified output across load resistor R5114 is direct-coupled
to the base of Q5104, amplified and direct-coupled to the base
of Q201. The amplified output across voltage divider, RS511l1,
R5112 and C5106, in parallel with resistor R202 and the primary
winding of transformer T5001. A part of the output is coupled
back to the collector of Q5103, across degenerative ac feedback
network of RS111, R5112, and C5102. The circuit raises input
impedance, reduces audio distortion, and stablizes amplifier
gain. The other output across R202 and the primary winding of
T5001 is coupled to the secondary of TS5001,. The output across
the ful; secondary winding of T5001 is coupled through the
contacts of relay R5001 to drive the loudspeaker. The output
across the center tQp of the secondary winding provides an
unmuted output to the headphones. In transmit mode, a ground is
supplied to one side of muting relay K5001, causing it to energi
This removes the short across resistor R5117, inserting a 1600 o
resistance in series with the loudspeaker, resulting in muted
audio output. Capacitor C5108 is an arc suppressor for relay K5
During reception of transmitted signals (no sgquelch),
16 volts dc is connected to voltage divider R5107, R5108, R5106,
and RTS5101. The voltage present at the junction of R5107 and RS

is applied through isolating resistor R5109 to the base of Q5102



and establishes the fixed-bias portion of the emitter-to-base
bias. The effective resistance of Q5103, which increases or
decreases with variations in temperature, provides bias to the
emitter of Q5102. The collector voltage of Q5102 establishes
base voltage for Q5104. Temperature-compensated voltage diviad
R5115 and RT5102 establishes the voltage supplied to the emitt
of 95104, Resistor R5106 develops the collector-to-base bias
for Q5104, The emitter voltage of Q5104 establishes the base
voltage of Q201(Q402), Diode CR5104 provides a constant volta
drop of 0.8 volt dc to the emitter of Q201 (Q402), keeping its
emitter voltage constant. This allows a reverse bias to be
applied to the base-to-emitter function to prevent thermal
runaway at high temperatures. The voltage drop across power
resistor R202 (R402) and the primary winding of transformer
75001 establishes the collector voltage for Q201 (Q402). Dc
feedback is used to maintain constant collector currents for t
transistors to prevent thermal runaway. For the base of trans
Q201 (Q402) the network, consisting of resistors R5115 and R51
thermistor RT5102, and Q5104, appears as a voltage divider in
which Q95104 is a variable resistor whose value is controlled
by its emitter-to-base bias. For the emitter of Q5102, transi
Q5103 appears as a variable resistance to ground whose value
is controlled by its emitter-to-base bias. An increase in
temperature lowers the resistance of a thermistor. An increas
in temperature is usually due to an increase in collector
currents. The biasing circuits are designed such that a decre
in the thermistor resistance results in driving the transistor
toward cutoff and returns the collector current to its origina

value,.



Capacitor C5105 and resistor R5113 produce a time delay
cross terminals 2 and 7 of squelch relay K5002 to prevent
ey clicks from occuring at the zudio output during squelch

peration as the 16 volt dc line is disconnected.



5.2 NOPAL Input

The input given to the NOPAL system to generate a test
program for the monitor and audio amplifiers is shown in
Figure 5.5. A few of the isolated components on the card
(CR5103, CR5104, R5117 and C5108) are not.included in the cirg
description because they are not a part of the amplifier circt
A test program to -est them is generated separately.

The resistors and capacitors are described completely in
the circuit description. The diode and transistor models are
included from the model library 2. The models are shown in
Appendix 1. During testing it was observed that resistor RS51]
does not exist physically on any of the circuit cards that we:
available. Also capacitor C5106 has been charged to 47uF fron
8.2UF,., The circuit description was accordingly charged to
incorporate the capacitor change. R5118 was retained as is
because of its low resistance in a low current base circuit.

The interface device provided by RCA to test the AN/VRC-]
cards had an additional resistor (RUUT1l) 33 Kohm which was not
shown on the circuit schematic diagram. This is a capacitor
discharge resistor grounding circuit node 1. RUUT3 was measuz
to be 482 ohms. In the documentation it was shown to be 560 c
The measured quantities with +-10% tolerances are used in the
circuit description. All of the remaining resistors and capac
are assigned 10% tolerance. The diode parameters have 5%, anc
transistor parameters have 0.5% tolerance.

The test requirements given under the circuit descriptior

are the same as the regquirements described for the A2100 card.



~ ~

~o 00 C

CIRCUI T J>ESCRIPTIOV"' ' AS51E0" "* DEFAULT ' AUDI O AWVPLI FI ER - o *

aa ma s -

«CIRCUIT
: THIS IS MONI TOR AMPLI FI ER
C5101 1 50 1. 5UF FAI LS
R5102 50 3 9. 1K FAI LS
R51Q1 50 2 2. 7X FAI LS
R51C3 2 52 560 FAI LS
R5104 52 53" 360 FAI LS
C5102 52 0 15UF FAI LS
Q®%>101 5* *x 1 53 * 2 53=3 FAI LS
*Li B2 TR2N329A
Qc .
QDR51C1 54 * 1 55 * 3 FAI LS
*LI B2 01 N645
104
R5105 55 3 2. 2K FAI LS
C5103 55 S 15UF FAI'LS
- THI'S |S AUDIO ATFLI Fl ER
R5107 2 56 1. 2K FAI LS
R5108 56 57 332 r FAILS
R51C6 57 0 330 . FAILS
RT5101 57 o 1K FAI LS
C5105 2 5¢ 10UF FAI LS
R5113 5% 7 68 FAI LS -
R5110 2 59 15K FAI LS
: COUPLI NG BETWEEN MONI TOR AMPLI FI ER
2 AND EM TTER FOLLOWER
R5109 55 60 6S3C FAI LS
. COUPLI NG BETWEEN "Qfl TOR AMPLI FI ER
: AND EM TTER FOLLOWER
805102 $§1 * 1 60 * 2 62 * 3 FAI LS
«LI B2 TR2N33S
Qo
R5114 61 8 33C 4 FAILS
R5115 9 1 103 i FAILS
1. 07 61 12 C. 47UF FAI LS
C51C4 59 67 1.5UF : FAI LS °
QOR5132 59 * 1 11 = 3 : FAILS
122 D1N645
Gr J :
R5118 62 (5 6£ : FAI LS
Q5103 0* 1 £E * 2 65 * 3 : FAILS
*LI52 TR2N404A
R5111 68 13 2200 : FAI LS
R5112 68 67 6S 3 FAI LS
C51C6 67 0 47UF s FAI LS
R5116 66 g I K : FAI LS
Q5134 66 5 1 61 = 2 12 = 3 : FAI LS
»I52 TR2N329A
Qo
RT5102 9 12 500 FAI LS

THE FOLLW NG ARE UUT | NTERFACE RESI STANCES
RUUT1 1 0 33K

Figure 5.5 NOPAL Input For A5100



RUUTZ2 8 0 153
RUUTZ 11 0 482
*MODIFY 1 0.12 0.10 >
RS131 R5192 &S1C3 RS5104 €5101 €5102 >
R5135 €S103 &S107 RS5198 RS10¢é RT5101 >
€515 RS112 RS5110 RS129 RS114¢ RS11S5 >
€S127 C51C6 RS116 RS111 RS112 €5106 >
RS11¢ RTS1CZ RUUTT RUUT2 RUUT3
«MODIFY 2 0035 0005 >
QDRS1C1.1IM GORS1C1.CT «DRS5101.CD >
QDRS102.10 QDPS5S1L2.CT GDR5102.CD
*MQODIFY I f.C0S C.005 >
GaS1C1.IN GGS121.7I1 QGS1C21.CED GQ5101.CET QuS101.CCD Q@5101.¢€CT >
GGS51024IN CGLST10C24IT QGS102.CED GGES1U24CET QGS5102.CC0 QG51C2.CCT
QQS103.1IN QUET103411 GQS1C34CED GQST1JU3.CET GGS103.€CD S@5103.CCT >
GuS106.IN GQE106el1l Q9G59C6.CED GGET104.CET GWLS104.CCD QQ5S104.CCT

- c e ——-—

TEST_TERMINALS JB PC SOARD EDGE CONNECTOR
0 GND

1 AS1_1

2 AS1_2

7 AS1_7

8 AS51_8

9 A51_9

11 a51_11

12 AS1_12

13 AS1_13

ACTEST_TCRMINALS J8 PC BOARD EDGE CONNECTOR
0 a\ND

1 AS1_1

2 AS1_2

4 AS1_7

8 AS1_8

9 451_%

11 AS1_11

12 AS1_12

13 851_13
OSJECTIVES STANDARD
16C.0% ODIAGNOSIS
$8. 2 AMBIGUOUS
eCe & AMBIGUOUS

ACCURACY YINIMAL

0.50E=02 . IERO DESCRIMINATION
C.10€+02 INACCURACY IN 2

3 SIGNIFICAHT 0IGITS

1 SORT wITHIN TEST ONLY

1 OPTIMIZE LOGIC

1 MISSING FAILURES SAME AS NOMINAL

5.3J2430 10.03€e+05 KESISTANCE
14338431 10.00E+03 IMPEDANCE
Ce132-23 0C0.50:+400 CURRENT
1 1

AC31IAS DC OPERATING POINT IS DECIUVED BY THE FOLLWING NC SUPPLY
BEGIN UJT IS c€ING POWERED NOW
RSUP1 % 3 0e1 ° E ° 2545V ° e s
RSuP2 2 0 Ce1 € 1€V ' :
RSuPe 13 ] C.1 E LAY
INITIAL_CONDITIONS POWERUP
BEGIN UUT IS EEING POWERED NOW
RSUP1 ? 0 Ce 1 £ Z5.5v
RSuP2 2 O 0.1 g 1¢v
RSUPG 13 O Se1 . E 6.0V
END

END=INITIAL

FPigure 5.5 NOPAL Input For A5100 (contir



There are two initial conditions specified. The first one sets
power supply RSUP4 to 0.0 volt, thereby turning the audio anplifi
off. The second initial condition changes the power supply volta
level to 6.0 volts which turns on all the transistors. These
|evels force the anplifier to operate at its limts.

5.3 Evaluation of Tables Generates

The failure dictionary for the A5100 card has initially 81
failure nodes. 19 failures are due to resistors which are renove
from consideration after circuit sinmulation. If it becones
‘desirable to do so, a test program searching for resistor shorts
can be readily generated since all necessary failure synptons
are available in the sinulation results.

The binary valued diagnosis matrix and assertions table
has 162 rows which are generated from 76 different test setups.
These tables are not included in this report. They are avail able
on the listings and conputer tape acconpanying this report.

The anbiguity analysis indicates that with these tests 95%
fault diagnosis is possible (see Table 5.1). 30 out of 62 failur
can be uniquely isolated. The open failures of the two thermsto
RT5101 and RT5102 could not be distinguished from the nom na
circuit behavior. This is not surprising because these therm sto
are in parallel with low valued resistors and the tol erances on
these conponents effectively hide their open failure. In fact
as it was described in the theory of operation of A5100 circuitry
it was explained that these thermstors function when the operati
tenperature of the card increases. This condition arises when
the card has been operating at high output levels for sone tine.

Since such a long operation tinme could not be allowed on an ATE,

5-12
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IQUIVALENCE | K-AMBIGUITY FAULT 1SOLATION PERCENTAGE | ) FAILURE MODES INCLUDED

|
|
CLASS z P |
|
|
|

ISTESS S LR CreSEREES2EEIE TSI I TEESCE T SIS C S IR IS EERERSNESEL SIS EES SR SIS AT C ARSI EE S XTI AEE S XSS SES IR IELI RN IEREEEEEEERSRERE XX

NOMINAL
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]
]
]
]
[]
1}
]
]
1
[}
[}
]
]
]

t
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'
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1
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1
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t
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w
4

OPEN(RS102), COLL_OPEN(QQ@5101), BASE_OPEN(Qa5101),
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t
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1
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BE_SHORT (@a5101).
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1
]
]
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Table 5.1 A5100 Ambiguity Report



=" TTETETTTTT Tt SN S Rt ittt S

) *(60LSUINILO | XS°SY | x9°t | 1 i 12
e . . Y S o | *
1 I | R

*(0tiIS¥INIdO | X6°LY ] x9°1 | t | 02
4 { { | !

vl--"-"‘-"'--"-l'--l'-""l"a--"-"""""'l'l"ll".ll.lllll‘—llll" '|||ll'l‘.—ll'l""""lld l'l'll'l'-l--.lnld'-‘ll-llll-'-'

*(SOLSI) LYOKS | X£°0Y | x9°1 | t | 61
| | | |

2 s Y A

*C(ELISHINIJO ‘(SOLSIINILO | Xro8¢ | x2°¢ | 4 | (]}
| | | | :

£ R I R B

*(701S¥IN3d0 | XS°S§ | 29°1 I t | 2
| | | |

-llO‘llOl'lleliilllttlllllltllllll!l'llllll!lllldll!llilllltlOIldlilllllllllt!llﬁllllllblllllildllllll!lll!lllldll!lllllolnitl

. *(801S¥)N3dO | x6°€¢ ! 31 | t | 9
| | | {

e L e R

*(L0LSY¥IN3ILO | X€°2¢ | x9°1 | t | St
] | | |

A AR A B

*(£0LSI)1UOKHS | X9°0¢ | x?°1 | t | 7
| | |

RSSO SRR S I SR
1 1 1 -
|

*(£01SI)IN3d0 | %0°62 | x9°1 t | 1}
| | | {

e S S R R

*(SOLSY¥INIJLO | L AN Y4 ] x9°1 | i | 2t
| | , i |

'“-.'...“..““.....“"..".“'..-.'...'.'...n.'.'“"."'"“"”'““'".u“"”I“""u"“”“".““““”“““"“"“”“"““““uuu““““un.”n"“”““u““u““.'““'“”

| ! | |
I 3ATLVInWADY | $SV1)

.lQl'IIl’!llllllllll!!lllOllltl.
=z

- - o

- - - - X -

930NTINT S300W 3¥NTTVS | 39viIN3II¥3Id NOTILVIOSE LNV ALIN9T AWV - IINITVAIAD]

S SN SIS E RS E SN RS SRS S N E T EE SN E I NN E R EE I N R EE N E B N SR E R E E R R F I IS ES IR TSI IIT IS TITI I AIISIIS

|

[

| sSV1)
|

|

=

SRR IISISISIIISIISS

(2 39v4) 140438 ALIN9IEW



o 1

- GEr SE i W > G = w— > T e e gy awn | o o w— — o W

AMBIGULITY REPORT (PAGE 3)

B:S:::S:::::3::::3:‘::8:2:38:8:: i
! | !
EQUIVALENCE | Kk-aAMBIGUITY |

|
CLASS ] R e i
) . | |
| } CLASS | CUMULATIVE ]
| | | {
EE ST E T S S E S E EE R eSS SRS RN EITISEETEITII=TITI=IISES EE S I e S E S B S E S S S E S S S N B I E T S S S e S S E S S E R E N XIS T E RS EE SIS ECEEEEEEEREEEESE
| | | |
22 } 1 ) 1.6X ) 45,2% | COLL_OPEN(QQ5102),
----------- B e e
23 | S ! 8.1% | 53.2% | BASE_OPEN(QQS5102), EMIT_OPEN(QQG5102), OPEN(R5118),
] | | | BASE_OPEN(QQ@5103), EMIT_oOPEN(QQ5103).
.............. el e e e e ervacoc e cm———eamam————
| l | |
24 | 1 i 1.6% | $4.8% | BC_SHORT(RQ@5102).,
e ——————— | SR ——————— | | b e ———— e ——————— ————
| | | |
25 | 1 | 1.6% | S6.5% { BE_SHORT(@a5102).
-------------- s oy o
26 | 3 ! 4.8% | 61.3% | EC_SHORT(a@5102), BC_SHORT(QQ@5104), EC_SHORT(QQ5104)
et oacman ) S | | I | I —— ——— - —— ———
! | | |
27 } 1 } 1.6% { 62.9% | OPEN(RS114).
| | | * ............................... cecmmmm—————— ———————
} | I |
) 28 \ 1 | 1.6% | 64.5% | OPEN(RS11S).
| | | | S e e ———
| | | | |
) 29 ) 1 { 1.6% | 66.1% | OPEN(C5107).
| | | SR D | IR e e——m———————————— c——m————
| | | | |
[ 30 | 2 f 3.2% | 69.4% | SHORT(CS5107), BE_SHORT(QQ@5104).,
| D, T S | | | ———ema——————— - -— -——
| | | | |
[} 31 | 1 | 1.6% } 71.0X% | OPEN(CS5104).
| S SRR R ——————— | R Y DR ——————— | ———————— ———————————— —— ——eemm—————
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| | . |

QUIVALENCE | K-AMBIGUITY | FAULT ISOLATION PERCENTAGE |
CLASS | fomemmm semesecsmceccmccononne |

| | | ‘

| | CLASS |

| | |

I E ISR I T S EEESrE SIS ESESE I FE TR EEE R S S I NS r S S L R I R EEEE S e S IR S E S S S IR I E S P S E A E R E S R S E S ST r R S CEE S S E IS ESIRESEEEESINEEERSSEXRESEESDE

FAILURE MODES INCLUDED

|
CUMULATIVE ]
|

N "’ e aw an > e

. | | | | |

32 } 1 | 1.6X | 72.6% | SHORT(CS104). |
........... | NSNS SN RIUUS DU SRR DU |
| I | ] |

33 | 1 ] 1.6% ) The2X | OPEN(QDRS102). . ~ |
........... b e el e e e e e ———————— _——— - )
i | | ] . |

34 | 1 | 1.62% | 75.8% | SHORT(QDRS102). . |
........... | IO NI SRRy SR |
] ] i | |

35 | 2 ) J.2% | 79.0% | COLL_OPEN(QQ5103), EMIT_OPEN(QQS5104)., |

-y - . e - l—n ————————————— l .............. 1 ———————————— ---l- .......... - e e - G . - - --‘---——------—---‘-----------O-‘---"
N | ] | |

36 | 2 | 3.2% | 82.3% | BC_SHORT(a@5103), SHORT(C5106). |
----------- l—-—-——--———---—l—--—n—————-.n g--.l——----——-——-—--l———————-—--———-—--—-a---—------O—.-‘-OO—--——-----------O---O-“----'
| { | ] |

37 I 1 | 1.¢% { 83.9% | BE_SHORT(2a5103). |
........... L e e e e e e e ——————— ———— |
| | | | , |

38 | 1 | 1.¢% ) 85.5% | EC_SHORT(QQa5103), |
........... L e e e e e e e e ——— e —e———eea—eeeeeeeaa ]
] | | ] |

39 | 1 | 1.6% | 87.1% | OPEN(RSIIV). |
........... | DN B JE RN SISO - S |
| | | | |

40 | 2 | 3,.2% | 90.3% | OPEN(RS112), OPEN(C5106). |
........... | Y SR SO PSRRI |
| { ] | |

41 | 1 I . 1.6% i 91.9% | OPEN(RS5116). |
........... | RIS DI SR SISy ——— -— - - - !

-
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ICEEEEZR LI EESE N EEE B S IR E RN R IS S A It E E e TS I S A N N E R N TR A E NS EE T EESEEEEEEIR LSRR AT NER ENIRgaaasaaaacaaaae&aaaacsaaaaaaaaaaaaastiaEEszExxkE

EQUIVALENCE | K-AMOIoUITt | MULT ISOLATION PERCENTAGE | FAI LURE NODES | NCLUDED
css l-----—-----—---;, --------------- : -
CLASS | CUMULATIVE |}

i
3.2% I 95.2X | COLL J>PEN<QQ5100s BASE.OPEN(QQ5104).

-l -l - —— - L -

|
|
|
i ) i
|
i

Tabl e 5. 1 A5100 A_nbi guity Report (continued)
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L L 2 o e »

% T v g a nnas . R¢D SS

P

FAULT ISOLATION SUMMARY

DESIRED AND ACHIEVED LEVEL OF CUMULATIVE
FAULT ISOLATION PERCENTAGE

TSI T[STTSTSTSTESTTTssTSsSIzsSsssIzsEassIESssssesEEs

|

K=AM3IGUITY | DESIRED | ACHIEVED NUMBER
| |
]

CIFQI.P., CoeFolePo
| |

STTTSSTT=zTzssTI=TEassess=zZsszssss

| |

FeloPo

— ] o ———————
— ) - —— ———
— e as Y e e B s e

——— ] - e | o m e ) o ——— - —— ]
-

' . 0.02 ‘ LB.‘Z ‘ ‘80‘Z l 30
| l | |
I | | | |
2 | s0.0% | 71.0% | 22.¢62 | 7 |
1 ] | | |
| | | i |
3 | SG.C% | 80.6% | 9.7%2 | 2 |
| | | { |
| | | . I
| 3 i 20.0% | 87.1% | &.5% | 1

| | | ! !

DD W U DR T R G R TS O TR W T O W D D D T DG D P UD G bGP G G G WS WD U D D WP W

| ! | | |
| 5 | 8C.0z2 | 95.2%2 | 8.1% | 1

| : ! ! | |

— e | ———

NUMBER 5F FAILURE MOCES 62
NUMBER OF EGUIV. CLASSES 42
DESIKED LEVEL OF DIAGNOSIS: 100.0%
ACHIEVED LEVEL OF DIAGNOSIS:  ©5.2%
FAULT ISOLATION 1S NCT SATISFACTORY.

Table 5.1 AS5100 Ambiguity Report (continu




an alternate way would have been to manually warm the termist
to observe a decrease in the termistor resistance or output 1
It was decided that doing such a test at this initial investi
stage was unnecessary.

The largest ambiguity group (equivalence class 23) has S
possible failures. One of the failures is due to resistor RS
which has been omitted during manufacturing of the A5100 card
The remainder of the failures are due to transistors Q-5102
95103, The next largest ambiguity group (class 4) is due to
the failures of resistor R5102 and transistor Q5101.

It should be observed that all of the failure functions
an equivalence class tend to be the same (i.e. all open or al
short). If the failures are due to open, the affected compor
are generally in series and no probing is done (it is physica
impossible) at their common node. If the failures are due tc
short, the affected components afe generally in parallel and
would require the physical removal of a component to determin
which one is at fault. Due to the design of the circuit abou
10 probe tests had to be included to achieve this ambiguity 1

Table 5.2 is a summary of the test setup optimization
phase. Out of 76 candidate tests only 28 were found to be st
while enabling a top down fault isolation design. The first
test selected is a dc-power up test which immediately splits
large number of possible failures from the nominal. Then, te
are selected as the number of possibilities in each as class
reduced.

5-19



I'NDI VIDUAL ANO iCIKi LNT*OPY VALUCS

SEQ Stim MEAD ASSF

75 63 10 157
55 52 5 114
70 58 1 144
56 52 6 116
76 64 10 161
37 37 1 t7
68 56 1 138
40 40 1 7
72 60 1 n:
58 38 1 T
41 41 1 7t
32 32 1 5?
7 47 1 9%
69 57 1 141
50 50 L] 1C4
49 49 1 1c1
8 8 1 14
74 62 1 156
57 52 7 119
1 1 1 1
3 3 1 6
65 53 1 131
73 61 1 152
2 2 1 3
54 52 4 112
5 5 1 9
39 39 1 73
67 55 1 135
4 4 1 [
6 6 1 1
7 7 1 12
9 9 1 16
10 10 1 18
11 11 1 20
12 12 4.
13 13 1 52
14 14 1 It
15 15 1 28
16 16 1 29
17 17 1 31
18 18 1 34
19 19 1 36
20 20 1 38
i1 21 1 40
22 22 1 42
23 23 1 44
24 24 1 45
*5 25 1 47
26 26 1 48
27 27 1 49
28 28 1 51
29 29 1 52
3C 30 1 54
31 31 1 56
3 33 1 61
34 34 1 62
35 3 1 64
36 36 1 66
42 42 1 &1
43 43 1 £4
44 44 1 87
45 45 1 a9
46 46 1 92
48 48 1 98
51 52 1 1C6
52 52 2 108
53 52 3 110
58 52 £ 122
59 52 9 124
to ? 10 125
61 1 1 1Zi
al 52 1z 117
63 52 13 178
64 52 14 130
66 54 1 1!
71 59 1 1*7

OUT OF 7?4 CANDIDATE TESTS

Table 5.2 A5100 -

EfcTftOPY

C.826
0.605

C096
COCO
COCO
COCO
622
0.0CO
0.2%9
Cc3ia

JOINT EfcTROPY EQU1V. CLASS

0.826 2
1.360 3
1.851 6
2.256 9
2.643 13
2.956 16
3.262 20
3.528 23
3.746 26
3.053 29
4.146 31
4.312 33
4.466 35
4.6 08 37
4.746 38
4,859 40
4.961 42
5.057 44
5.141 46
5.199 47
5.255 48
5.309 49
5.360 50
5.408 51
5.453 52
5.493 S3
5.517 54
5.542 55
5*542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.5*2 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5542 . 55 - A o e -t mR T I b
5.542 i 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 55
5.542 . 55
5.542 55

28 Afit" KE'TA1*EO

Test

Setup and Optim zation Sunmmary
Report



5.4 NOPAL Specification and ATLAS Program Ceneration

The NOPAL specification for A5100 incorporating the above
features has about 50 test nodul es, and 42 di agnoses. The
listing is available separately in the acconpanyi ng docunentation
and conputer tape, A short NOPAL specification to test the
isolated single conponents is shown in Figure 5,6.

Because of the limtations of the nenory size of the conpute
avai | abl e for software devel opment the bottom part of the NOPAL
system is unable to generate one ATLAS program for the A5100
circuit. A tenporary solution to the problemwas to divide by
hand the NOPAL specification for A5100 into four separate
specifications. An interesting and encouragi ng observati on was
made here. The original circuit description contains two
i ndependent subcircuits: the nonitor and the audio anplifiers.
The ori gi nal tesf specification easily divides into two disjoint
parts (including the tests and their diagnoses) each relating to
only one subcircuit.' This behavior is not a coincidence. Any
ot her behavi or woul d have nmeant an erroneous specification. In
t he fufure, we are planning on exploiting this nodularity
property to speed the generation of specifications.

Various reports generated by the system nakes it an easy
task to split the specifications into several paf{s. The nost
useful tables are the test setup and logic optimzation reports.
In fact, a separate NOPAL specification can be generated for each
di agnosis by sinply including all the tests involved in selecting
that diagnosis conjunctively. This would result in a large
nunber  of ATLAS prograns. Instead several diagnoses referring ta
the desired -failures can be put together, and then all the

tests required can be inserted into the specification. Then on



o —— - s p——— -— - - ——. = At s e b e -

/* NOPAL TEST SPECIFICATION SOURCE INPUT, FILE: SAPLI1ST of
1PAL PROCESSOR OPTIONS SPECIFIED: SA PLISTfNOXREFl»GIE»S E«»6{NCXR E F2,NOSOUR CS2

IMT NO,

1 NOPAL SPEC A5100;

/ dkhkkkkhkkkkdhxx ¥ *kkkx ****tt.til‘*"i..'t*..t‘*i****...ﬁ‘“*.*.i"."i.',

2 TEST CR51C3.SHORT;
3 PEAS; CONJ:
4 A5 1 3, A51 5> * QHKMETERC >4QQE2, 40083, 10E6, 2800):
5 LOGIC: [* S.CR5103 ;
[HREEA KKK KRR A A F R kA A B UCAR SR DR AT I TR ARG TR AN BE T R b g1 5 =g /
6 TEST CR5103_CPEN;
7 KEAS; CGNJ: -
8 <A51l 5, A5l -3> * OHHHETERC < 4E3; 4E3, 30E3» 2800);
9 LOGIC IS QCR5103 ! kkkkkkkkk*k *************/
/******************* *********************'.
10 TEST CR5104_SHORT;
11 *EAS; CONJT:
12 <AB5i_10Q; A5l 9> « OH«ETER( >4COE3; 400€Xs 10E6; Z8CO);
13. LOGIC: [* S.CR5104 ;
/*********** *****************************************““‘**‘*.-‘.’
14 TEST CR51C4_CPEN ;
15 *EA&; CONJ:
U <A51 9, A51_10> * OH««ETERC < 4£3; 4E3; 3963, 28C0);
17 IQ*HQQLQ:**LS. QB }94“'*"'*'*Ii*f’k*ﬂﬁtf”‘l*ﬂ*iiti'**‘.i.“‘ﬁ.i*ﬂ*".“’
18 TEST R5117 CPEN ;
19 - HEAS; CONJ:
2C <A51 4 A51_6> * CH«ETERC RES_ R5117, 1E3, Z.SBZ* 2800)
20 ~ TARGET: R6S.R5117;
21 ASSERT: RES R5117 > 1760;
22 LOGIC: | 0r5117;
,**1*.**"'**“"““ “I.**"*“t*"i"*‘*ﬂ*“'*'**“*“i‘“‘.**-.*‘.‘*'."
21 TEST RS117_ $HORT;
24 ffEAS;
25 ASSERT: RESMR5117 < 1440;
26 LOGIC: | SIR5117;
[o kKK KA KKK KA K KKK KKK KK KKK KR KK KKK A KKK AR KA KKK KK AT KK KA K Kk X XTI TEIT23 2T,
27 TEST C5108_CPEN ;
28 PEAS; CONJ :
29 <A51 6; SO > * ZKETERC Inﬁ_C5103. 1E3, 3.5€3,25(0, 8E3)
29 TARGIT: I«P_C51CS8;
30 ASScRT: IKP C51G8 > 1760;
31 LOGIC: | 01c5108;
/******** hkhkkkhkkhkkdx dhkddk srpndhddA b b v ekt n At b n dn bR !*.**Q'i.’
32 TEST . C5108 _ SHORT;
33 PEAS;
34 ASSERT: IKP_,C5108 < 1440;
33 LOGIC: | Sj 51Q8;
[hokkk kkkk kkk Kk otttt!tt**tt*-i*i-tttt*titttﬁtti**ttlttﬂt*!tti*fiit’
36 DIA6 S_CR51C3: <SHCftT(Cfi5 1C3 ) *, FAIL.MSG);
37 OlAfe 02cR51C3: <OPE(CR5103) » FATL_MSGY;
38 OlAfa SICR51C4: (SHORT (C R5104) . FAIL_MSG);
39 . OIAG O _CR51C4: (OPEN<CRIi104) o FAIL.<SG):

Figure 556 NJOPAL Specification For A5100-Subcircuits
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40 DIAG O_RS117: (OPEN(RS5117) ,, FAIL_MS&);

1 DIAG S_RS1172 (SHORT(RSTI?) 4, FAIL_MSG);

&2 DIAG O_CS510&: (OPEN(CS51GE) ,, FAIL_MSGE);

43 DIAG S_CS10&: (SHORT(CS102) ,, FAIL_MSG);
[tttit‘tiiﬁt*-itt‘t*tt*tttttiittttfiittiiitittitittitié*tittt*ttit[

&4 MESSAGE FAIL_MSG: TEXT= “wwwwx FAILURE DETECTED -~ REPLACE (L) weane
/iﬂt!ﬁiti*intiiiiit*Oit'itti'ttt*titlti'itﬁ*ititi*ﬁtﬂ’*tiittﬁit'*'[

45 COMP_FAILz CR5103, FAI LURESSHQRT;

4¢ CoOMP_FAIL: CRST103, FALLURE=OPEN ;

&7 comp _FAIL: C(RS104, FAILURE=SHORT;

4“8 compP_FAIL: CRS104, FAILURE=QPEN ;

49 COMP_FAIL: RS5117, FAILURE=SHORT; -

50 CoMP_FAIL: RSE117, FAILURESQPEN ;

51 CO®P_FAIL: (CS108, FAILURESSHORT;

52 COMF_FAIL: C€5132, FAILURE=QPEN ;
[,tt’tt'*Qi*iii*ti'tittﬁ*tftttii’i*ititt*ttiitiiﬁtt*ti.fﬂtﬁi**titi[

53 FUNCTIONS: OFEN,y TYPE=F;

S4 FUNCTION: SHORT, TYPE=F;

s5 FUNCTION: OMFMETER, FUNCTION TYPE = M, FPINS = 2,

55 PARAF_1 = (RESISTANCE, T REAL, LIMIT = (OHM, 10EE¢, 0)3,

b3 PARAK 2 = (MIN_RES, S REAL, LIMIT = (OnM, 108é, CI),

55 . PARAP_3 = (MAX_RES, § REAL, LIMIT = (OnM, 10&é, C)),

55 PARAP_4& = (REF_VCGLT, § REAL, LIMIT = (mvOLT, 10E3, =-10E3)),

55 COMMENTS =2 “AUTORANGING QHMMETER”;

5¢ FUNCTION: ZMETER, FUNCTION TYPE = M, *PINS = 2,

‘56 . PARAP_1 = (CFMPLX_IMP, T REAL, LIMIT = (OHM, 1CE&, G)),

56 PARAP _2 = (1#P_MIN, S REAL, LIWMIT = (OHM, 10E6&, 023,

5¢ PARANM_3 = (1rP_MaX, S REAL, LIMIT = (OHuM, 10E¢, 0)3,

5¢ PARAM_& = (REF_VOLY, S REAL,s LIMIT = (VOLT, 7 -03),

Sé PARAKM_S = (FREGUENCY, S REAL, LIMIT = (HZ, 12.5E3, 1032,

Sé COMMENTS = “AUTORANGING COMPLEX IMPEDANCE METER”;

[ AR R R A AR P X T AR AR R AN A R AR AR N AN R AR FE PRI R T RN PP ARV A CR TR AR RN ad 2k )

5?7 UUT_POINT : GND, CCNNECTOR=(JE);

58 UUT _POINT : 251_3 , CONNECTOR=(J8);

59 UUT_PQINT : AS1.4 , CONNECTOR=(J8);

¢Q UUT_POINT : A51_5 , CONNECTOR=(J8);

&1 UUT _POINT : AS1_& o, CONNECTCR=(J8); .

é2 UUT_POINT : AS1_9 , COANSCTOR=(J8);

62 UUT_PGINT : AS1_10 , CONNEC TOR=(J8); )

/’*ii'i*i'iﬁi'*!tt*tii*tbt*ttﬁ"!ttt*i’tﬁ**t**i'ﬁt*"iiiﬁiiiﬁ*'tiil

&b END AS10G;

SROR/WARNING MESSAGES GENERATED DURING NOPAL SYNTAX ANALYSIS:
*STATISTICS» NO, OF SAP ERRORS = 0 4 NO. OF WARNINGS = 0 , NO. OF S
ROR/WARNING MESSAGES EENERATED OURING CROSS-REFERENCE :

TATISTICS* NG. OF XREF1 ERRCRS = ¢ NO. OF WARNINGS = 0

RROR/WARNING MESSAGES GENERATED DURIMG SEGUENCING AND CODE GENERATION:
ANING MESSAGES GENERAIED DURING CGDE GENERATION

ARNING* UUT POINT “GNC” NOT CCNNECTED T0 ANY ATE PIN

ARNING* UUT PGUINT “AST«6“ NOT CONNECTED TU ANY ATE PIN

ARNING* UUT POIRT “AS1=4” NOT CCNNEGCTED TC ANY ATE PIN

ARKNING* UUT POINY “A51-%” NOT CONNECTED TQ ANY ATE PIN

ARNING* UUT PCINT “aAS51-12" NOT CONLNECTED TO ANY ATE PIN

ARNING* UUT POINT “AS1=5" NOT CUMNECTED TO ANY ATE PIN

ARNING* UUT POINT “AS1-37 NOT CONNECTED TO ANY ATE PIN

Figure 5-6 NOPAL Specification For A5100-Subcircuits (c



the ATE,K any one of the programs can be run arbitrarily. If

]
there is a failure,one of the programs will select the diag
This approach implies another interesting possibility.
Fault diagnosis and fault isolation programs can be generat
separately. The fault diagnosis program (containing only ¢t
nominal assertions) would indicate good or bad card only.
card is bad, then the fault isolation programs could be run
the ATE. During software testing phase of the research, th
approach was taken to speed the ATE throughout.
5.5 Evaluation of EQUATE Runs

Figure 5.6 shows the NOPAL specification for testing t
isolated components on the A5100 card. The execution of th
ATLAS program generated for this specification is shown as
third test run in Figure 5.7. Test seguence numbers and co
points are documented inside the ATLAS program listing whic
available separately. The failure detected by the program
RS5117 was actually due to a bad test point relay on EQUATE

When the same program was executed on EQUATE V, this f£
disappeafed\but another failure, short capacitor C5108, sho
This was also a malfunction of the ATE, EQUATE V measured 0
complex impedance at and above 8KHertz.

The first two runs on Figure 5.7 are from an ATLAS pro
which were generated from split NOPAL specifications. The
run yields all nominal measurements. Test 11 refers to con
points 255 and 200. These are not DIU points. When this t
is invoked a message appears on the operator consolete givi
instructions to connect high end of the probe to circuit no

and the low end to ground (node 0). The failure detected i

sacond run is a false alarm due to the resistance measureme



. UUT: UPSL1L IC REV: 12/14/79 DATE: 12/14s77 20:17:0

TESTING LIIT: AT 100
DATE 12/14/7% TIME 20:17: 1

TEST : 33. 044 KOHM, 2SO MV, 40 KOHM, 2 TIMES, CNX(22,41)
TE~T 3¢ 1. S44 FIOHM, 250 MV, 4 EOHM, 2 TIMES, CNX(5%,41)
T & & 1. 704 KOEM, =25 DES, 1004 HI, 1000 MV, 2. & KOEM, 1’ TIMES, CMX(41.,.
TEST 9: 0. 402 KokHM, =4 DEG, 1004 HI, 1000 MY, S 4 KOEM, 2 TIMES, CMNX{4L.:
TEST 11: 2. 084 KIOHM, 250 My, 4 KIOHM, 1 TIMES, ‘NX\-Sﬂ.ZOO) '
TEST 14: Q. 372 KIHM.," 230 MV, 4 HOHM, 1 TIMES, COMX(Z3Z, 2337
TEST 14: 120, 451 HOHM, 250 MV, 4G0 KDHM, 1 TIMES,. l.NX("Ef; T4
TEST 22 0. 200 KOHM, =4 DEG, 1004 RZI, 1000 MV, 3. & KOHM, 1 TIMES, CRNX(203
UUT IS BEING POWERED NOW
TEST 20: AP LI:D ul;A. 2%. 800 Vv, CNX HI 20% LO 200
SURED ©. 0015 AMPI THRU DCZA.

TEST 20: QPPLIEB DCZa, 14, 000 Y, CMX HI 202 LO 200 .

MEASURED 2. 9127 AMFPTS THRL DC2A.
TEST 20: APPLIED DC2E, 2 400 V, CNX HI 213 LQ 200 .

MEASURED Q. 0061 AMPZ THRU DC2E.
UUT: UPS1L. IC REV: 12/14/79 DATE: 12/14/7%2 19:44: 44

TEST I NG LT AS1O0O

DATE 12/14/7¢ TI.‘.. 1%:. 44: 47
TEST 3E. P20 KOHM, ZTO MY, 30 KileM, T TIMES, CNX(ZZ,41)
TF"‘T 3: 1. ‘44 KOHEM, 250 My, 4 KIoHM, 2 TIMES, CNX(Z% 410
TL . N 1. 474 EOHEM, =24 DES, 1004 HZ, 1000 My, 3. 4 EOHM, 7 TIMZS, CONX(si,22
TEeT . 0. 400 n..-ﬂ‘.q: - D._Jl ‘:’04 HZ; 10‘:’0 MV, 3 4 l‘JJH?' ? 5 x-?’!z;_u ':N/\.(";il 5‘3
TES 1 2. 020 KoHM, 250 MY, & FIJHM, 1 TIMEZS, CHXVZTS, 200}
TEST 14: Q. 271 KOmMM, 250 MV, 4 KOHM, 1 TIMES, CNX(25Z, 252
TEST 14: 1200 311 HOEM, 280 MV, 300 KOHM, 1 TIMES, CNX(233, 224

TEST 22: Q. 000 MOHM, =43 DEG, 1004 HZ, 1000 MV, 3.6 KOHM, 1 TIMES, CNX(202.2
POSSIBLE FAULTY COMPONENMT(3) ——-

EC-SHORT (2S151) OR EC-SHIRT(ORS101) OR SHORT(QDRZT101)
UUT I3 BEING FOWERED NIW
JUT: UPSIM IC REV. 12/714/77% DATE: 12/14/77 20:4:42
TEST ING LJLJ-r: AS100
WATE 12/14/7% TIME 20: 4: 44 ‘
EST 1: 174230. 724 l"'... g 2200 MY, 10600 MOHM, 1 TIMES, CNX(43,37)
‘EST 2 1,228 HLHﬂ' Z200 MV, 40 HoHM, 2 TIMES, CNX{(37,43)
EET 2 SE2TO. 323 KOHM, ZB0Q MY, 1000 EOHM, 1 TIMES, CiNX\34, 317
EST 4 Z 013 KCGHM, 2200 MY, 40 KOHM, 2 TIMESZ, CNY(@Z.?R)
E3T 5 £77. 044 HOHM, "'1'30 MV, 4 ¥QOHEM, 7 TIMES, CnNX{44, 2
RN O IL! IME DETSITED - REPLACES CREN(RSI17) #aswwnn
EST 7: . D44 HOREM. =27 DES, 2000 HI, -500 MV, 306 KOHM, 2 TIMES, CNX(23,41)

INIZHED TESTING AT 20: &: S

JRATION Q: 1:21

3 YQU WISH TO ZEE THE FINAL FAULT ISOLATION STATE 7 (Y/N)
J YOU WISH TO RERUN THIZ FROCRAMT (Y/N)

Figure 5.7 NOPAL Printouts For AS5100 Subcircuits




UUT: UP5U. 1C REV: 11/2/79 DATE 11/2/7? 20:2:21

TESTIMG UUT:
DATE 11/ 2/79 TIME 20; 2::22 -
TEST 32. 909

L )9 KOHM 250 MW, 40 KOHM 2 TIMES, CNX(22, 41
TEST 2&: 1 572 KOHWw 250 W, 4 KOHM 2 TIMES, ONX (59,41
TEST 3: 1763S. 283 KOHM 250 M, 400 KOHM 4 TIMES, CNX(47, 41)
TEST 3: 10665. 117 KOHM 250 M# 1000 KOHM 14 TIMES* CNX(47* 41)
TEST 4 0. 154 KGAWr 250 W, 4 KOHM 2 TIMES, CNX(48, 41)
TEST 5: 89981. 338 KCHW 250 M, 400 KOHM 1 TIMES, CNX(61, 41)
TEST 5: 10930S. 650« KCHW 250 W/, 1000« KOHM 2 TIMES, CNX(61, 41)
-TEST 6 0. 432 KOHM 250 W, 4 KOHM 2 TIMES, OCNX(33* 41)
TEST 7: 72552. 555 KOHM 250 MA 400 KOHM 1 TIMES, CNX(24* 41)
TEST 7: 95795. 853 KQHM 250 M/, 1000 KOHM 2 TIMES* CNX<24* 41)
TEST S SI. 154 KOHM 250 W, 400 KOHM 13 TI MES, CNX(25*41)
TEST O 34. 530 KOHM 250 M, 40 KOHM 5 TIMES, CNX(59, 22)
TEST 10: 24494. 642 KOHM 250 M, 400 KOHM 4 TIMES, CNX(47* 22)
TEST 10: 10142. 093 KOHM 250 M/, 1000 KOHM 14 TIMES, CNX(47* 22)
TEST 11: 33. 053 KOHM 250 M, 40 KOHM 10 TIMES, CNX(48, 22)

TEST 12: 132603. 902 KOHM 250 M, 400 KOHM 1 TINMES, CNX(61* 22)
TEST 12: 107595. 991 KOHM 250 M/ 1000 KOHVF 2 TIMES* CNX(61, 22)
TEST 13: 33. 203 KOHM 250 M/, 40 KOHM 3 TIMES, CONX(33, 22)
TEST 14: 797S90. 956 KOHVF 250 M, 400 KOHM 1 TIMES, CNX(24* 22)
TEST 14: 134439. 442 KOAM 250 M/ 1000 KOHM 2 TIMES* CNX(24*22)
TEST 15: 92. 510 KOHWF 250 M/ 400 KOHM 13 TIMES, CNX(25, 22)
TEST 16: 10709. 460 KOHM . 250 M/, 400 KOHM 3 TIMES, CNX(47* 59)
TEST 16: 10428. 643 KOHM 250 M/, 1000 KOHM 12 TIMES, CNX(47, 59)
TEST 17: 1 726 KOHM 250 M/ 4 KOHM - 2 TIMES, CNX(43, 59)
TEST IS 292449. 814 KGHV 250 M/, 400 KOHM 1 TIMES, CNX(61* 59)
TEST IS 115824. 900 KOHM 250 MA 1000 KOHM 2 TIMES, ONX(61* 59)
TEST 19: 2. 050 KOHM 250 M, 4 KOHM 2 TIMES" CNX(33* 59)
TEST 20: 117108. 331 KOHM 250 M/, 400 KOHM 1 TIMES, CNX(24, 5?)
TEST 20: 188795. 573 KOHM 250 M/ 1000 KOHM 2 TIMES, ONX(24, 57?)
TEST 21: 79. 124 KOHM 250 M, 400 KOHM 1
TEST 22: 12046. 924 KOHM 250 M, 400 KOHM 5
TEST 22% 10706. 993 KOHVF 250 MF 1000 KOHM 14 TIMES* CNX(48* 47)
TEST 23: 295231. 104 KOHM 250 M/, 400 KOHM 1 TIMES, ONX (61, 47)
TEST 23: 49S060. 784 KOHM 250 M, 1000 KOHM 2 TIMES, CNX(61, 47)
* k% % m ULJT eoe *

FI NI SHED TESTING AT 20: 10: 50

DURATION  O: 8: 23

DO YOU W SH TO SEE THE FINAL FAULT | SOLATION STATE ? (YN

DO YOU W SH TO RERUN THI S PROGRAM? <Y/ N)

TERHI NATE EQUATE PROGRAM -' A5100- 1'

Figure 5.7 NOPAL Printouts For A5100 Subcircuits (conti

-



UUT: UPS12 IC REV: 11/2/79

TESTING LIJT:

DATE: 11/2/79 20:14:7

AS1OO—2

DATE 11/ 2/7% TIME 20:14: 7

TEST {: 14%19. 502 KOHM, 20 MV, 400 KOHM, 4 TIMES, CNX(3Z, 47)

TEST 1: 11S%S. 958 KOHM, 250 MV, 1000 KOHM, 15 TIMES, CNX(33,47)

TEST 2: 943C02. 242 KOHM, 250 MV, 400 KOHM, 1 TIMES, CNX(24,47)

TEST 2: 92167. 027 KOHM, 250 MV, 1000 KOHM, 2 TIMES, CNX(24,47)

TEST 3: 11427, 993 KOHM, 250 MV, 400 KOHM, 7 TIMES, CNX(Z2S, 47)

TEST 3: 10737. 617 KOHM, 250 MV, 1000 KOHM, 1% TIMES, CNX(2S,47)

TEST 4: 356212 721 KOHM, 250 MV, 400 KOHM, 1 TIMES, CNX(&i, 48)

TEST 4: 22S221. 575 KOHM, 250 MV, 1000 KOHM, 2 TIMES, OCNX(41,43)

TEST S 0. 43S KOHM, 250 MV, 4 KOHM, 2 TIMES, CNX(3Z, 43)

TEST ¢&: 124424. 512 KOHM, 250 MV, 400 KOHM, 1 TIMES, CNX(24,43)

TEST &: 92520. 249 KOHM, 250 MV, 1000 KOHM., 2 TIMES, CNX(24, 43)

TEST 7: 71. 552 KOHM, 250 MV, 400 KOHM, 1S5 TIMES, CNX(2%5,4%2)

TEST =3 211. 051 KOHM, 250 MV, 400 KOHM, 4 TIMES, CNX(33,41)

TEST ¢ 0. 03? KOHM, 250 MV, 4 KOHM, 2 TIMES, ONX(24,41)

TEST 10: 94232. 163 KOHM, 250 MV, 400 KOHM, 3 TIMES, CNX(2S, &1)

TEST 10: 564, 010 KOHM, 250 MV, 1000 KOHM, S TIMES, CNX(ZS, 61)

TEST 11i: 1752S1. S23 KOHM, 250 MV, 400 KOHM, 1 TIMEZ, CNX(24,33)

TEST 11: 150589. 126 KOHM, 250 MV, 1000 KOHM, 2 TIMES, CNX(24,33)

TEST 12: = 72. 392 KOHM, 250 MV, 400 KOHM, 24 TIMES, CNX!(2S, 22

TEST 13: 11813. 7S5 KOHM, 250 MV, 400 KOHM, & TIMES, CNX(2S, 24)

TEST 13: Sé4. P21 KOHM, 2SO0 MV, 1000 KOHM, & TIMES, CONX(2S, 24)

TEST 14: IMPEDANCE 1423 4 OHM, =24 9 DEG, 1.0 KHZI, REF-VOLTAGE 1000 MV,
ITERATED 1 TIMES, CNX HI 41 LO 22 .

TEST 1S: IMPEDANCE 41S. ¢ OHM, =4 4 DEG, 1. 0 KHZ, REF=VOLTAGE 1000 MV,
ITERATED 1 TIMES, CNX HI 41 LO 5% .

TEST 14: IMPEDANCE 144. 4 OHM, -0.3 DEG, 1.0 KHZI, REF-VOLTAGE 1000 MV,
ITERATED 1 TIMES, CNX HI 41 LO 43 .

TEST 17: IMPEDANCE 2035. € OHM, <=27. 4 DEG, 1. O KHZ, REF-VOLTAGE 1000 MV,
ITERATED 1 TIMES, CNX HI 41 LO 25

TEST 18: IMPEDANCE 77.0 OHM, ~12. 1 DEG, 1. 0 KHZ, REF-VOLTAGE 1000 MV,
ITERATED 1 TIMES, CNX HI 47 LO S% .

TEST 19: IMPEDANCE 24%2. 1 OHM, -24.4 DEG, 0.1 KHZ, REF-VOLTAGE 100 MV,
ITERATED 1 TIMES, CNX HI 41 LO 22 .

TEST 20: IMPEDANCE 423 4 OHM, -7. 3 DEG, 0.1 KHZI, REF-VOLTASGE 100 MV,
ITERATED 1 TIMES, CNX HI 41 LO 59 .

TEST 21: IMPEDANCE 144. 4 0OHM, 0. & DEG, 0.1 KHZI, REF-VOLTAGE 100 MV,
ITERATED 1 TIMES, CNX HI 41 LO 42 .

TEST 22: IMPEDANCE 2127. & OHM, 4.4 DEG, 0.1 KHZ, REF-VOLTAGE 100 MV,
ITERATED 1 TIMES, CNX HI 41 LO 29 .

TEST 23: IMPEDANCE 123. S5 QHM, =44, 1 DEG, 0.1 KHZ, REF-VOLTAGE 100 MV,

ITERATED 1 TIMES,

CNX HI 47 LO S9 .

S

FINISHED TESTING AT 20:2Z:
DURATION o 81

DO YOU WISH TO SEE THE FINAL FAULT
DO YOU WISH TD RERUN THIS PROGRAM?

TERMINATE EQUATE PROGRAM “AS100-27

Figure 5.7 NOPAL

ISOLATION STATE 7 (Y/N?
(Y/N)

Printouts For AS5100 Subcircuits (cc
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across diode CR5101. The simulation results expected very 1
resistance (> 400 Kohm). However test equipment measured
approximately 120 Kohm. Such a large discrepency is due to
inaccurate EBERS~-MOLL model of the transistor and diode at v
low current levels. Unfortunately, this is a case which re
a change in the semiconductor model to remove the inaccuracy
The last two runs illustrate the performance of a diagn
program which contains only nominal assertions. The output
A5100-1 shows that upon the completion of all test the UUT i
found to be nominal under the tests conducted so far. The ¢
labelled A5100-2 does not contain a "nominal UUT" message.
this case, the problems arose from the fact that thé EQUATE
make accurate impedance measurements when the reference volt
is less than one volt. This poses a serious problem in circ
simulation because ac circuit behavior is simulated utilizir
small-signal respoﬁse whaere linearity is assumed at levels v
close to the operating point. Higher voltage levels (such &
start pushing the semiconductors to their conducting and nor
conducting ranges during the application of the sinusoidal 1
This problem can best be alleviated by removing the line-vol
modulation which is present on the floating ac-standard sigr

(approximately 0.2 volts) on the EQUATE.



]
CHAPTER VI

Conclusion

In the course of the research it was decided that no
major changes to the NOPAL system should be done to highlight
and understand the deficiencies and successful aspects
of the current implementation. In our view this rigidity was
necessary at this time because there is no other methodology
(manual or automatic) which can be compared to NOPAL to determi
its effectiveness. Hence this version of NOPAL will serve as
a baseline for our future developments. During the past
vear minor changes which do not conflict with the concept
of NOPAL were introduced. Because these changes are minor and
do not influence the operation of the algorithm a separate
documentation for the system is not required.

The NOPAL system has been used to generate specifications
diagnose and isolate the failures in two analog circuit cards.
Portions of these specifications were used to generate many
short ATLAS programs to test for specific failures. As the
research progressed, it was found that the NOPAL concept of
automatic programming indeed works well as intended. That is,
once a circuit description is availabl% the generation of
ATLAS programs and the specification of tests for a given
circuit can be done completely automatically. However,
occasionally it’may be necessary to evaluate the intermediate

results to understand the progress of program generation.



Because the only input to the systemis the circuit description

of the card to be tested, the accuracy of the nodels used in

the input becones the nost critical conponent of the process.

This is especially important in the case of sem conductors.

Wien a technician tests, say a di ode, several hundred percent

tol erance on its reverse inpedance would pass his inspection

However, in the case of circuit conponent nodelling this tolerar

nust be specified precisely, or else the NOPAL system may put

the go-nogo limts in ranges which result in a |arge nunber of
fal se al arns.

The following comments identify sone problem areas which
need further investigation:

1. A | aboratory type setup to verify the published sem conduct
nmodels is required. If the nodels have not been pre-
viously published, a facility to develop circuit analysis
nodels is needed. This would reduce the chances of
unsuccessful ATE runs due to wong conponent nodelling,

2. The ATLAS prograns generated by NOPAL tend to be severa
t housand statenents |ong. The EQUATE executes ATLAS
statenents very slowy. The code should be optim zed.

For exanple, if the prograns execute the test perfornmance
logic of the fault isolation tree, the prograns would run

faster.
3. In many cases the specifications generated becone very
| engt hy. It becones a serious problemto generate parti al

prograns. The NOPAL system can be nodified such that it
generates several programs, if it becones inpossible to
fit it all at once into nmenory.

4. Crcuit simulation tinme can be reduced significantly by
taki ng advantage of circuit topology and failure definition

5. Wen the tests perfornmed at the available test points do nc
result in satisfactory fault isolation |evels, the NOPAL
system may automatically select a m ni mum nunber of
manual | y probed test points.

6-2



Finally the test selection strategy should be inproved and
designed to operate in ranges where the ATE is nost
accurate. The designer should be warned if any test is
sel ected where the accuracies of the stinulus and
measurenent are marginal according to the ATE perfornmance
speci ficatione

Tests which result in long del ays, such as resistance
measur enent across capacitive | oads, should be avoi ded.
Such cases should be found by circuit sinulation and
repl aced by appropriate inpedance measurenents.
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1. Diode and Zener Diode Models
1N645, 1N4001, 1N752A

2. Transistor Models
ZN329a, 2N335, 2N404A
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