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POTeNTIAL REFINEMENTS AND I
IN AUTOMATIC INSPECTION AND TEST TECHIIQUES

NNOVATIONS

R. K. Gunuaal
<. F. Ring
3. J. Ring

Raytheon Compary

Andover, Mass. O0L3510

ABSTRACT

This paper will describe the evolution ¢¢ the Improved HAK and SAM-
automatic test systems in use at Raytheon's UW<st Andover Massachucetts
facility, and will develop rrojJects which wi.l continue the e olutionary
process toward more cost effective test sys ems employing the most current
technology.

IMPROVED HAWK TEST SYSTEM

The Improved HAWK automatic test system was conceived and implemented
in the period 1967 - 1969. The driving force for a highly sophisticated
and versatile automatic test syvtem was conversion of the HAWK missile sys-
tem from the tube technology of the 1950's to the solid state technolog, of
the 1960's, With this conversicn and the advent of a digltal cowputer in
the grouad support equipment came a relatively high volume of many types of
modules to be tested.

In the early-to-mid 1960's, the minicomputer was making it's presence
felt in the electronics field, but was still comparatively expensive. These
facts, coupled with the high cost of computer peripherals and the problems
relative to system management, drove Raytheon to the test system ccenfigura-
tion shown in Fjgure 1 which was initially ino*alled with approximately
20 test stations on-line.

The test stations, which were part of this initial configuration,

shared the same basic structure shown in Jigure 2 and cvonsisted of the
following types:

Ground Support Stations
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Digital Modules
Anelog Modules

D.C. and Synchro Modules
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Missile Stations

) High Frequency Modules

) Low Frequency Module:s

) Stick {Chassis) Stations {3 types)
)} Hydraulic Actuator

o~~~
£ W+

Microwave Stations

Randome Test

Antenna Test (2 types)
Microwave Component
Microwave Subsysten

-
W -
N et Nt Nt

Although these station types are dedicated t. vastly different ernds,
they are all comprised of the same basic components and constructed from
the same basic architecture,

Tnis system (which is described in detail in Apvendix A) is now
operating with approximately 50 production test stations at Raytheon's
West Andover fecility, and has recently been deployed in three Euvopean
locarions in support of the NATO HAWK program.

SAM-D TEST SYSTEM

The SAM-D Automatic Factory test system, put in%o operation in 1973,
vas san evolution of the Improved HAWK Automatic Factory Test Sycstem. The
SAM-D system is a multi-computer distributive intelligence t2~* system or-
ganized around a ceatral computer with extensive mass memory and othar
perinherals. This central c..puter is time shared by up to 32 satellite
computers, each of which is the resident real-time process controller in an
asutomatic test station. All software, such as a monitor, an editor, a com-
piler, a loader, an operating system, test programs, and dlagnostics are
available from the central computer library to be sun 'n real-time on the
station process conitrollers. A test station operator interface terminal
consisting of a CRT display, keyboard, and printer permits the preparation,
editing, debugging, and execution of programs vo occur simultaneously at
each test station. The system architecture still retains the advantages
¢f centralized electro-mechanical peripherals and configuration management.

The communication between the central computer aud its many satellite
test station process controllers is accomplished with a high speed (50,000
16 bit words/second) serial interface system designed to appear as a DMA
(Direct Memory Access) peripheral on each computer. The orgarization of the
SAM-D Automatic Factory Test System is more completzly describea in Figure 3
and Appendix B.

Each test starion is configured from standard bu.ldirng blocks that
are Aesigned to fulfill those functions which more “han one station type
has in common. In most caces, these are refinements of the building blocks
of the Improved HAWK system, redesigned to incorporate state-of-the-art
components, reduce spare requirements, and improve maintainability. Thus,
the computer, instruments, control systems, power systems, enclosuresg/racks.
and sporator interface desigus ure stanaardized.

The significant improvements achieved by the SAM-D test system archi-
tecture, as it evolved from the Improved HAWK test system base of experi-
ence, are as follows:
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A CRT display and keyboard which permits extensive and efficient man-
machine iuateraction.

(2) An on-line compi.er and editor which permits program deveiopment to
occur at each test station with the results of any changes able to be
evaluated "on-the-spe*".

(3) 1Inproved diagnostics which allow the maintenance technician to communi-
cate with the test station instrumentation in source-like lunguage
statements by means of the CRT display and keyboard.

{4) An improved high level language with additional features such as
staterents to facilitate writing programs to test digital devices.

(5) Larger and faster mass menory aveilable at the central compuater.

(6) Real-time program execution which results in repeatsble timing and
more independence from the central computer.

{(7) Double the number of satellite test stations which can be served by one
ceatral computer.

The manufazturing technology projects which are defined here-in are
evolved f .m the experience gained In the design, development, and day-to-~
day usage of the two automatic test systems which we have mentioned.

These proJects do not necessarily focus on drivers for the rcocurring
costs of test equipment (see Figure L), but cculd result in the reduction
of non-recurring development costs and increased equipment utilization. It
is these latier areas which are most likely to yield signirficant test re-
lated cost reduction over the life of any given missile program.

MISSILE MANUFACTURING TECHNOLOGY PROJECTS

Automatic Part Identification
Title: Manufacturing Technology Project to provide a system for the
automatic reading and recording of part and serial number information
of units tested on automatic equipment.

Systean/Panel Area/Component: HAWK - SAM-D/test equipment/control system

Problem: In “he utilization of sophisticated automatic test equipment for
high volume multi-unit testing of missile system hardware, it is necessary
to supply the controlling computer with the part number (to obtain the
correct programs) and serial number {to identiiy retained data and control
configuration). Existing schemes for supplying this information are either
to diul the information into thumbwhe.l switches or key tae inforumation
into a keyboard (teleprinter or other).

Both of these systems are relatively slow, and are sul'ject to a high
incidence of operator error.

Proposed Solution: This project would investigate alternate methods for
capturing this iniormation in a more automated fashion using punched i1denti-
ficaticu cards, or bar coding techniques such as are employed in retail
stores
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Project (ost and Duratjion: Estimated costs are as follows:

Engineering developrernt und documentation $1L0,000

Prototype material and fabrication 100,000
$2k0 . 020

Estimated durstion of proJject 18 10-1% montns.

Benefits: Benefits to be derived from this project are the reductjion in the

unit set up time fir test, and the reduction in errors made in acquiring

part identification iaformation.
Potential Cost Savings - 1+ of Missile test time
1% or GSround Egquipment MI (Major Item)
test tiae
Assumption: This project has aupplication only tuv a high volume p-oduction
*nvaironment.
Automatic Fauli Isoletion Technigues

Title: Manufacturing Tichnology Project to develop automatic fault isola-~

tion techniques.

System/Panel Area/Component: HAWK - SAM-D/test equipment/NA

Problem: Wnen using automatic test equipment for the high volume testing

of missile system hardware, troubleshooting and tault isolation becomes =

significant problem. It is normally not feasible to provide wn off-line

facility for this purpose and therefore, the expensive and higily productive
automatic equipment i1s used for troubl..hooting.

Solution: 1Investigate alternate methods of frult isolation whicu would use

tho automatic test equipment more =fficiently. Jome of the techrigues

which would be investigated are as follows:

(1) The use of infra-red scanning techniques to generate ana store the
thermal profiles of known good units wulch may then be compared with
the therpal profile of failed units. The resulting difference data
may then be used as an aid in fault isolation.

(:) Techniques for capturing and storing the signal levels for all internal
nodes at each step in the test sequence of a good unit. Aiso develorp
suitable method: for presenting this iniormation to a tes. operator
while troubleshooting a bad unit.

(3) The development of techniques to aid in the fault dizgnosis of digital
devices wtilizing the input/output fault signature of the failed unit
in conjunction with computer aided analysis.

Project Cost and Duration: Estimated costs are az follows:

Engineering development and documentation 650,000
Pratatyns material and fabrication 400,000

1,050,C00
Estimated duration of project is 18 months.
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Penefits: The benefit which will be derived from this project is to in-
crease the throughput of automatic test equipment by reducing trouble-
shooting time and erroneous fault diagnosis.

Potential Cost Savings - 10% of Missile Test Time
10% of Ground Equipment MI test time

Assumptions: The benefit will only be obtained if the existing philosophy
is to use the automatic test equipment for test and troubleshooting, and
that the applicable programs have sufficient volume to warrant the invest-

ment.
Standard Building Blocks
Title: Manufacturing Technology Project to develop standard building blocks
for factory and field test ejuipment of common architecture.
System/Panel Area/Component: SAM-D/test equipment/control systems, data

processors, switching networks, special panels/displays, executive software,
and UUT software.

Problem: Automatic test equipment incurs a high deveropment cost due to

its complexity and extensive software development effort. Thus high cost
relegates its use to high volume manufacture. Thevrefore, the many benefits
of automation; reduced test time, repeatability, data collection, data anal-
ysis, efficiency, accuracy, machine aided troubleshooting, and others are
not available to low volume complex electronic assemblies in the factory

or to the low gquantity/large variety mix of the field.

Proposed Solution: Develop a test system tailored to module and chassis
level of military elecurenics systems, applicable to the factory and depot
level., Typical activities would include:

(1) High level instrument control oriented test language, compiler and
operating system compatible with different assembly lanesuages.

(2) A standard building blocex for test station controller {processor and
operator interface).

(3) Switching networks standard building blocks.
(4} Instrument interface standard building blocks.
{(5) Digital pin(s) electronics module standard building block.

Project Cost and Duration: Estimated costs are as follows:

Engineering labor and documentation 1,075,000
Prototype material and fabrication 320,900
1,345,000

Estimated duration of project is 18 months.

Benefits: The benefits that accrue from this project are lower automatic
test equipment development costs through the use of standar. vpuiilaing biocks
of hardware and softwere which can be assembled intc test stations contfig-
ured to accomplish a unique sroup of related functions. Additional task
specific benefits are detail 1 below:
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(1) The high level computer language task will accrue the following
benefits:

(a) Provide a standard building block for autcmated test equipment
potentially common to laboratory, factory, and field.

{b) Enable the power of the RATEL instrument control oriented lan-
guage %o be used more universally.

(c) Simplify the design and use of mizsroprocessor based test equip-
ment by providing the capability of programming in a proven test
ingtrumantation oriented high level language.

(d) Lower the software davelopment and support costs of automatic
test equipment based on computers or processors other than Ray-
theon T00 series minicomputers.

{(e) Potentiel Savings - U40% of Executive soft” are Development Cost
80% of UUT Program Developuent Cost

(2) The standard controller and operator interface task will accrue the
following benefits:

(a) Provide a stundard building biock for automated test equirment
potentially common to the laborutory, factory, and field.

(b) Provide a standardized operator interface which is independent
of test station conflfguration whether it be testing DC power
supplies or micrcwave components.

(c) Station control, data gathering, end housekeeping functions, both
hardvwars and software, are standard "off-the~shelf" and low in
cost.

(d) Minimize test station console space requirements for automation
hardware.

(e) Potential Savings - 90% of Test Station Process Controller
Development Cost

(3) The standard switchi:g networks task will acerue the folloving
benefits:

(a) Provide standard building blocks for automated test equipment
potentially common to laboratory, factory, end field.

(b) Reduce cost of switching which is presently vendor special and
gtation unique.

(e) Permit standardization of software and display re’ative to switch-
ing functions thus lowering housekeeping software :nd training
requirements of new personnel assigned to test station ore=ration
or maintenance.

(d) Potential Savings - 50% of Test Station Switching System
Developncnt Cost

(4) The standa.d instrument interface tesk will accrue the following

benefits:
T St I e e o s AT Lo A T et il o S AL L oS SITNA St v e o = .uu;.—r—*uu'fta;v.n s R N L T Y
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(a) Provide standard building blocks for automated test equipment
potentially common to laboratory, factory and field.

(b) Reduce cost of instrument interfaces by reducing number of unique
designs, thus, lowering documentation, troubleshooting training,
t.nd spares stoecking requirements,

(¢c) Potential Savings - 50% of Test Station Control System
vevelopment Cost

(5) The pin(s) electronics module vask will accrue the following benefits:

(a) Provide a standard building block for digital test equirment
which is potentially ccmmon to laboratory, factory, ani field.

(b) Provide larger memory (greater than 1000 bits), dynawic I/0 con-
trol, and high speed to facilitate dynamic troubleshooting by
furnishing +the capability of looping on large, self-initializing
test pattern sequences. This feature would provide the capability
of probing internal states with a synchronized oscilloscope.

(¢) Lower digital test station development and recvrring build costs
with standard building block.

(d) 1Increase flexibility of test station configuration by providing
fully programmable pin(s) electronics which can be combined 1in
variable quantities with other equipment to meet specific testing
needs.

(e) 1Increarcre speed of testing by reducing package size, capacitance,
and signal line lengths.

(f) Utilize higher density MSI and LSI technology.

(g) Potential Savings ~ 25% of Digital Test Station Development Cost
5% of Digital Test Station Build Cost

Assumptions: These taska are based on an evolution of an existing automated
test system which has already achieved a high degree of modularity and
hardware standardization, The tasks also ascsume a mature modular software
architecture and a proven high level .est language.

High Density Interconnecting Network Testing

Title: Manufacturing Technology project to aevelop techniques for handling
and %“esting high density interconnecting networks.

System/Panel Aree/Component: SAM~D/tesi equipment/fixtures-adapters.

Problem: Interconnecting networks, such as thick-film multilayer ceramic

substrates and small dense multilayer printed circuit boards, which have a
high density of component interface points are difficult to test. High
densities, such as .00L inech padec .008 inch on center, render proding and
complete testing for continuity and leakage impractical using presently
available techniques. However, the removal of co>mponents at the next higher
level of assembly is often a destructive process. Therefore, testing at

the network level 13 necessary to minimize the scrapping of good integrated

11




circuits and other expensive components which were assembled to a bad net-
work.,

Proposed Solution: Develop fixturing techniques to make connection to high
aensity interconnecting networks and test them for continuity and leakage.
Investigate both a mass probing techniocue and a programmably positioned
probe pair technique. The mass probe would effect connection to all compo-
nent interface points simultaneously and then utilize an automatic conti-
nuity and leakage test station with enough capability to 100% test the net-
work, The programmably positioned probe pair would positioun two probes by
computer control to locate and elfect connection tc twvo points of the net-
work under test. The test station would the., perform a continuity or
leakage measurement as required. The sequence would be repated as often
as required to test all runs for coatinuity and all hazardous (adjacent or
crossed over) run pairs for leakage.

Project Cost and Duration:

Engineering development and documentation 160,000
Prototype fabrication 40,000
200,000

The duration of this project is expected to be 15 months.
Benefits:
(1) Incrcased yield at the next nigher level of assembly.

(2) Eliminate scrap ciused by destructively removing assembled
good components from a defect:ive network.

(3) Eliminate unnecessary and tutile troubleshooting and rework of
assemblies conteining a defective network.

(4) Potential Savings - 2% of Ground Equipment Standard Module Cost

Assumptions: Availability of an automatic continuity and leakage tester
large enough to accomodate a mass probed substrate. The computer portion
of this test station must be capable of being interfaced to a set of X-Y
positioners and the software flexible enough to allow programmed control of
these positioners. The test system is assumed to be available on a non-
interferring rent free loan basis.

Beam Lead Device Handling and Testing
Title; Manufacturirg Technology Project to develop techniques for handling

beam leaded integrated circuits.

System/Panel Area/Component: SAM-D/test equipment/adapters-fixtures

Problem: Beam leaded integrated circuits (BLIC's) are complex electronic
aircuits produced on a single silicon chip with a large number of delicate
input/output leads. Assembly of untested BLIC's increases the probability
of introducing a ¢ fective BLIC to the next higher level of assembly. Gocd
BLIC's mav be destroyed, or substrates damaged, in troubleshooting, isolating
the faulty component, and rewcrking the defeciive assembly. Lihereiore,
testing at c¢he BLIC level is very desireable. Reliable, efficient, low-
capacitance and non-destructive tecliiniques for effecting connections between

12
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4 the many I/O ports of the BLIC and suitable test equipment are not yeb
available.

N
! Proposed Solution: Develop the capability to fixture, muake connection to,
} and test beom leaded .tegrated circuits having = large ramber of £/0 pins,
, Two methods would be investigated:
: (1) Handling and testing in a carrier.
v (2) Handiing and testing from a tacky coated glass slide.
{
L]
! Project Cost and Duration:
I3
[}

Engineering development and documeitation 169,000
y Prototype fabrication 40,000
3 200,000
g The duration of the project is exvected to be 1% months.
3
] Benefits:

(1) Improved yield at the next higher level of assembly.

(2) Minimization of damaging rework at next higher level of assembly.

et e R T

(3) Reduced troubleshooting at the next higher “evel of assembly.

(4) Potential Savings - 27 of Ground Equipment Standard Module Cost

Assumptions: Automatic test equipment which is capable of performing
dynamjec functional tests (pattern test at speed) and DC parametric tests is
avallable to Jdemonstrat: the performance of the developed fixtures/carriers
on a non-interferring rent free loan basis,.

Automated Printed Wiring Board Inspection

Title: HManufacturing Technology project to develop computer supported auto-
matic inspection system for the inspection of printed wiring boards and
assemblies.

System/Panel Area/Component: HAWK - SAM-D/test equipment/NA

Problem: The general practice in industry today is to visually inspect
printed circuit boards and printed circuit board assemblies for workman-
ship and assembly type faul.s. Since this inspection is a rather routiune
task, §t is very much subject to operator fatigue. Therefore, the protabi.-
ity that defective units will proceed to the next operation and eventually
to test is relatively high.

Proposed Solution: Develop a computer supported system which could scun
the surface(s) of a printed circuit board (or printed circuit board
assembly) using videcon or possibly Y-ray techniques. Tue results of

this scecn would thern be digitized aud fed to a computer where the Jduta
would be comparcd with a4 stored, acceptable patiern for LOe jartiiugiill de-
vice.

Iroject Cost and Duration: Estimated costs are as follows:

13




Fngineering development and documentation 3¢0,000
Prototype material and fabrication c0¢c,ce0
500,000

Estimated duratior of projJect is 20 months.
Benefits: Benefits to be derived from the project are cthe reduction in
inspection .anpower, a potential reduction in inspection time, but most
significant a near elimination of inspection errors.

Potential Savings - 50% of Printed Wiring Board Inspection Time

Near Field Antenna Testing

Title: Manufacturing Technolugy Project to provide & means of making near-
field radiation measurements on large antennas.

System/Panel Area/Component: SAM-D/test equipment/NA

Problem: A need exists to make antenna measurements of large antennas
indoors. This need is present because of expensive material handling
equipment required to 1lift large antennas to test sites which are generally
high above ground level, the large cost of real estate for long outdoor
ranges, and the down-time due to weather on all outdoor ranges. An indoor
configuration would minimize the requirement for handling equipment and

the amount of real estate needed, and would eliminate any station down-time
due to weather.

Proposed Solution: The project would be split up into two phases. First,
a study would be made to identify and analyze the tradeoffs requvired to
select the best possible testi methods. At present, two methods are aveil-
able fcr investigation, however,this does not eliminate other methods which
may come to light during the study. The first of these methods would refocus
the energy impinging on the antenna under tes+*t Lo the transmitiing antennas
which would be located at & distance of several aperture dismeters away
from the antenna under test. Once this was done, antenna patterns would be
taxen as on any long antenna range. The second method would be to probe
the near-field of the antenna very accurately, thei use this data to
synthegize the far-field pattern of the antenna. While the first method
would be more straight-forward and less complex, it is applicable only

on antennas which have complete phase control over the aperture - namely

e phased array. The second method would be applicable for any antenna.

Project Cost and Duration:

Engineering development and documentation 125,000
Prototype material and fabrication 250,000
375,000

Estimated duration of the project is 18 months.

Benefits: The overall benefits from this type of test system are as
fullows:

(1) No production down time due to weather.
(2) Minimal real estate required.

(3) Minimal handling equipment required.
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(%) Lends itself to automatic testing thus cuttiig down test time and
iacreasing accuracy.

APPENDIX A (1)

l.2 SYSTENM STRULYURE

1.2.1 Hardware Structure

l.2.1.1 General. The Improved HAWK Factory Test Computer System is an
automatic test system composed of & centralil computer and perirherals which
are time shared between from 1 to 16 r2motely located test stations. These
stations share a modular organization consisting of a standard Test Station
Interface (TSI), a standard Test Station Control Panel, and a group of
Instrument Control Interfaces (ICI's). The bulance of each test station

is function dependent and can be as different, station to station as are
the available measurement and stimuli instrumenation. The control of

this instrumentation is accomodated by the ICI and associated software
driver designs. The resulting test system satisfies the following systen
objectives:

Maximizes test station throughput.

Minimizes operator intervention and decision making.

Provides the ability to test virtually any type of electrical or
electromechanical UUT (Unit Under Test) covering the frequency spec~-

trum from DC to X-band.

Provides the ability to construct and maintain test data files with
fagt recall capabilities.

Maximizes system availability.

Minimizes programming knowledge required in the preparation of UUT
programs.

Provides a f{lexible and modular system with building bi- & type ex-
pansion capabilities to accomodate future testing requirements.

Minimizes cost of construction and system maintenance.

To achieve these objectives, the Computer System performs the fol.cwing
functions and/or tasks:

a. Control
(1) Provides automatic control of all programmable stimuli,

measurement ingtrumentation, and interconrection switching
networks within the wvarious test stations.

(?) Providee din mraorammad aequence. the digital control

information required by a test station to perform a UUT
test.

15
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b. Data Handling

(1) Accepts measurement data from the test stetion instrumenta-
tion for each test performed.

(2) Accepts input data from the test station operator such as
that information which identifies the pari being tested and
these decisions resultving from visual observation and
interpretation.

(3) Interprets test data and makes dzcisions &s to its
’ validity, conformance and acceptability.

(4) Implemecrts automatic chronological data collection including
time and date of data receipt and provides immediate orx
delayed access to this data or a summary of test results.

§ (5) Organizes test data from each UUT into common formwat and

; units and collects this data on IBM compatible magnetic

‘; tape. It performs any data conversion reguired, maintains
5 test histories, and provides limited statistical analysis

of the test results.
c. Diagnostics

(1) Provide ccntinual monitoring and confidence testing of
data transmissions, eritical station parameters, and UUT
stinuli.

(2) Provide programmed aids to maintenance personnel to assist
them in ascertaining the health of the test system and
diagnosing failures to the lowest level possible.

d. Library Maintenance

(1) Provides off-line compilaticn and debug of UUYL test nrograms
to generate object programs.

(2) Provides means of iuatroducing, maintaining, 2nd updating
UUT program files and provides the test station with
accessibility to these programs.

To achieve the system objec*tives, the test station performs the follo-ing
tasks:

a. Interfaces the UUT 1o the test instrumentation.

. Provides accurate powver, stimuli, and other inputs to the UUT
as required by the Test Requirements Specifications (TRS).

C. Provides loads tO the outputs of the ULUT as required by the TRS.

d. Makes sccurate measurements of the outputs of tha UUT as
required by the TRS.

€. frovides inverconnection and switching as required among the
UUT, all instruumentation, and powver sources.

f. Provides digital communication for control and date handuiiag

16
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between the Line Computer Interface and the station instrument-
ation and switching circuite.

Interfaces the station operator to the computer and the
instrumentation and switching circuits.

Interfaces maintenance peruonnel to the computer and instrument-
ation and switching circuits for diagnostic tasks.

Functional Description. The test system is depicted in figure
the functions of the blocks are described below:

The 704 Computer-executes control and UUT programs to accomplish
on-line testing or off-line data processing.

The Computer Teletype - permits the compuier operator to
exercise control over rrogram execution during off-line pro-
cessing or input change directives during on-line testing.

fhe Fixed Head Disc¢ ~ provides fast access memory expansion
during on-line testing for system program and UUT program
storage. When used in conjunction with a limited amount of
core in & swaphing technique it expands the virtual core size
to over 400,000 words. It is not available during off-1line
processing.

The Cartridge Disc - providies UUT program storage during on-
line testing. It is a Real Time Operating System (RTO0S)
storage device for all off-line processing.

The Line Printer - outputs hard copy documentation during
off-line processing. It is not available during on-line testing.

The Card Reader -~ provides a general input medium for reading
IBM type 80 coluun punched cards during orf-line processing.

It is also available during on-line testing to input UUT programs
in objJect form either for immediate use in the test of a UUT,

or for update of the Cartridge Disc UUT progranm files.

The Card Punca - cutputs IBM type 80 column punched cards
during off-line processing. 1t is used during program compil-
ation to output UUT programs in object forwm. It is not avail-
able during on-line testing.

The Magnetic Tape Transports - provide a long-term slow access
bulk storage capabilaty. They are used during system
installation to build the Fixed Head Disc and the Cartridge
Discs. They are used during on-line testing to colleet bulk
data from UUT testing and as a storage medium for diagnostic
core dumps. They are used during off-line processing to

input data which was collected during on-line testing.

The Teleprinter Multiplexer ana Teleprinters ~ provide
communication channels to the test station operators during
on-line testing to output information to the operators and
receive directives from the operators. LIhese channels uare
independent of the LCI-TSI test station data communication
channels.
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1.2.1.3

The Clock ~ provides real time information to *'.e computer
for time interval calculations and time of duy. It 1is not
aveilable during otff~line procesoing.

The Line Computer Interface (LCI) - provides bidirectional
data communications between the Computer and the Test Station
Interface (TS8I). The LCI provides an interface chunnel for
transmitting programming information to the test station and
receiving status, interrupt, and meagurement date from the
test station,

The Test Station Interface (TSI) - provides & bidirecctionul
communication interface between the LCI and the test stetion.
It provides and accepts hit-serial data pstreams to and from
the LCI and provides and accepts parallel bit patterns to and
from the Instrument Control Interfaces (ICI) end the control
panel. The T3I performs ICI selection, interrupt handling,
serial to parallel and reverse converegion, timing control,
and error checking fcr each station.

The Control Panel - receives test station operator inputs
viu switches and push buttons and transmits this information
to the computer via the TSI - LCI link. It alsc receives
program status from the computer via the LCI - TSi1 link and
outputs the status to the operator via visual displays.

The Instrument Control Interfaces -~ provide level conversion,
date storage, format conversinn, timing, and control for each
programmable device in the test station., It makes each unique
device computible with the standard TSI.

The Interconnection and Switching Networks - provide fixed
signel and power routing witiiin the station as well as
variable interconnections under program control as rcquired
among ingstruments, power sources, and the UUT.

The Instrumentation - provides stimuli, powar, and measuring
cupability a3 required by the THS.

The Adapter - accomodates any unique interface and connectlon
requirements between the test station ingtrumentation and
interconnection system and the UUT,

Hardwure Description. The principal characteristics of the
hardware blocks (refer to figure 1-2-1) which make up the cystem are ssg

follows:

U

The 704 Computer - has the following features:

32K of 1.0 microsocond core memory
16 bit word with parity

Hardware multiply and divide

16 levels of interrupt

Direct Memory Access (DMA)

The Couputer Teletype - is an ABR35 TELETYPE with koyhoanrd, {nk
ribbon type mechanism printing on teletype paper a* a 10 character
per second rate with 72 characters per line, 10 charactera per
sccond 8-channel paper tape reader, and 10 charucterc per sccoad
legchannel puper tupe punch,

10
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The Fixed Head Disc. - is e 38L4,00) word disc with 370,000 bits
per second transfer rate and 33 millisecond maximum access time.

d. The Cartridge Disc - is a 1,280,000 word interchangeable disc
cartridge with a meximum access time of 180 millisecori. &nd a
transfer rate of 781,000 bits per second.

e. The Lire Printer - provides a 132 character per lin: printout at
a 1000 lines per minute rate on vp to 6 part fen-rold ccmputer
paper.

f. The Card Punch - produces from 100 to 40 IBM type 80 column
punched carde per minute.

-8 The Card Reader - reads up to 1000 IBM type 80 column punched
cards per minute.

h. The Magnetic Tape Transports - provide IBM compatible T5 inch
per second tape handling at 800 tits per inck on 3/L inch computer
grade magnetic tape.

i. The Teleprinter Mvltiplexer and Teleprinters - provide up to 16
remote teleprinter terminals operating in ASCII formav. Printout
is on rolls of 8 1/2 inch wide tbhermal paper at 30 characters per
second and 72 characters per line., Input is via a standard key-
board.

J. The Tastrument Control Interfaces - accept 32 bit parallel data
words from the TSI and output the required control signals to the
instrument for which they were designed. The, re-eive data from
the instruments anua forward it to the TSI in 32 bit parallel data
words. They also provide timing and control unique to each in-
~trument.

k. The Interconnection and 3witching Networks - consist of cables,
switching networks, and connectors as required to handle power
and signal routing in the test station.

1. The Instrumentation - is commercial 3timuli and measuring instru-
mentation chassis, specially designe. stimuli and measuring instru-
mentation chassis, and control chassis as required by the functions
to be performed by the specific test station.

m. The Adapters ~ are boxes (or platters for IH200) which conteain
circuits, loads, and interconnections for asdapting the UUT to the
test station. Any special requirements imposed by ithe TRS are
handled by these devices.

n. The Line Computer Interface (LCI) - accepts data from a queue in
the computer in 16 bit parallel computer DIO transfers at the max-
jmum computer I/0 speed. It thnen transmits this data in a bit-
serial echo~checked fashion at an 80,000 bits per second rate to
any remote test station withir 2000 feet. In a reciprocal manner
the test station can communicate with the LCI at an 80,000 bits
per second echo-checked data rate and the LCI will transfer the
receirved and stored transmission to the ccomputer at its maximum
DIO rate under computer interrupt control. The LCI also provides
cstation interrupt information for transfer to the computer under
computer interrupt control.

20
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o. The Test Station Interface (TSI) - is the test staticn end of the
data communication channel between the computer and the station.
It receives serial data from the LCI and converts it to 32 bit
parallel data words which it directs to a selected Instrument Con-
trol Interface {ICI) or Computer Control Panel. It receives 32
bit date words from a selected ICI or Control Panel and traasmits
this data in bit-serial form to the LCI. It also handles operator
or instrument interrupts which it passes to the LCI during polling
sequences.

[y

The Control Panel - is a display an/input panel in the test sta-
tion having lever switches for inputting part and serial numbers.
pushbuttons for inputting status and directives, ana lights und
aumeric displays for outputting program status.
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1.2.1.4 Packaging. The Test System is packaged as follows:

a. The 704 Computer is functionally partitioned into modules which
plug into an interconnecting btackplane, The display and control
panel swings out from the front of the cabinet to permit easy
access to these wodules for replecement purpeses. The computer
is housed in a standard 19 inch relay rack type cabincet which is
in one bay of the computer cons- .e. The WANGCO Magnetic Tape
Transports and Controller, the Card Reader/Punch controller, tne
Fixed Head Disc and Controller, the Cartraidge Disc and Controller,
«nd miscellanegus power supplies are also mounted in relay ruck
type cabinets which are part of the computer console.

b. The Clocr, Lire Printer Controller and Teleprinter Multip.eXer

! are mounted in 8 peripheral control chassis which is in a4 celay

: rack type cabinet as part of the computer console. 41nis peripher-
al control chassis contains a wire wrapped backplane inte wnich
the functionsal modules are plugged. The functional modules ure
wire wrapped circuit cards holding up to 6C standard dusl in-line
packaged (DIP) Intergrated Circuits (IC's). These circuit cards
are the same design as those used to package the TSI and IUT's

in each test station. They are easily replaceable for low systen
MTTR (Mean Time To Repair) yet are easily repaired Jdue to rluas-iu
IC's. One or more functional modules are reguired to ifmplenznt
each major sub-system.

B R e

c. The Line Computer Interface (LCI) ig packaged in a 19 luen rulay
rack type cabinet in the computer console. Thig 3ub=-gyctem is
packaged on wire wrapped backplanes having plug-in IJ cocun:?
accomodate a large number ¢ DIP IC's. There is one large bac
plane and two foldout esmallcr backplanes to complete the chass

s 1o
ic.
of

race

The IC's are upside down in operation with the backside wiri:ig
the backplane exposed for ease in troublesunootiug ana siguas
ing.

d. The TSI is packaged in a logic basket in the back of cacn test
station. It is distributed over nwo wire wrapped circuit caras
each of which can hold up to 60 IC's. Each of these card: con=-
tains & 120 pin I/0 edge-of-card connector for backplane inter-
face and an 80 pin edge-of-card connector for cable interface.
The ICI's are packaged in similar fashion such that the logice
Vasketl 1o Lalluied Lo o specific station coniiguralion merery oy
plugging in the appropriate modular ICI's. All other aspects of
the logic basket are standard and do not change from station to
station.
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The Line Printer is a specific cabinet aas is the Card Punch and
the Computer Teletype. These are free standing units attached to
the computer console by cables.

f. The Card Reader is a table top unit which connects to the computer
console with a cable. The test station teleprinter is also a
teble top unit connected to the test station via a cable.

g The Control Panrel is a 19 inch relay rack type chassis that is
installed in the test stat-on in a location convenient to the
operator.

h, The instrumentation is generally packaged in 19 inch relay rack

type chassis as built by the vendor. These chassis are locatead,
with due regard to function, within the bays of the station con-
sole.

i. The interconnection cables and switching networks are packaged in
varying forms as the test station needs require.

J. The computer console, line printer, card punch, card reader and
Computer TELETYPE are located in an eir conditioned area of ap-
proximately TO square feet. Each test station and its associated
table top teleprinter can be remotely located up to 2000 feet
from this computer complex. The stations are connected via three
95 ohm twisted shielded twin conductor cables. The teleprinters
are connected via three wire telephone cables.

1.2.2 Software Structure

l.2.2.1 Test Operating System -~ General. The Test Operating System was
developed to respond to the many design objectives of a quasi real-time
operating system functioning s the central control media of an overall test
system. The software modules function in this capacity via a series of
planred interactions which echieve the end result - run the test stations

by executing a UUT program and thus test parts. The dissertation which
follows attempts to show these interactions and to establish for the reader
a philosophical background in the software operation. Some poetic license
is takan to avoid the depth of detail which would tend to cloud the overall
understanding.

One of the prime considerations in the develoupment of the test operating
system was the division of tasks between the operating system and the UUT
program. The more functions adopted by the system, the less repetitive
tasks had to be performed by the UUT program. When tempered by the con-
straints of a mini-computer with its relatively limited computation and
memory capability, a system of common execution packages evolved. All

of the blocks shown in Figure 1-2-2 {unless otherwise noted) are in core at
all times (resident operating system). Both the control and execution sec~
tions are utilized by eaclt UUT program as it executes in turn. The disk is
used by the system to bring UUT programs and selected portions of the oper-
ating system in and out of core - bul more on that later.

l.2.2.2 Functional Organization & Description. The Test Operating System
consists of a series of core resident routines designed to control the dy-
namic scheduling of events within the computer and providee tha interfane
between the Unit Under Test (UUT) program and the computer peripheral and/
or test station hardware. These functions are accomplished through the
following specific routines. (Refexrence Figure 1-2-2}.
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a. Execution Controller - The Execution Controller controls the se-
quence of execution for all programs and routines by continually
scanning a table of information (Test Station Control Table)
pertinent to the status of each test station and the UUT program
being utilized by that Test Scation.

b. Tnterpretive Run Time Executive - The Interpretive Run Time Exe-
cutive Routine interprets the output of the TECOM Compiler and
transfers control to the designated routine, either the Fortran
Run Time System Package or to the Command Statemeni Routines.

c. Command Statement Routines - The Command Statement Routines a..
the execution packages for the test oriented TECOM Compiler state-
ments (i.e., ENTER, MEASURE, LOOP, etc.). They transfer control
to the designated Instrument Driver or Peripheral Handler.

d. Insirument Drivers - The Instrument Drivers control the generation
: of date to be iransmitted to a given instrument and passes it to
the Test Station Output Transfer Routine through the Transfer
Storage Table (XFR1l).

e, Test Station Output Transfer Routine (TSOT) - The TSOT Station
Output Transfer Routine appends routing information to the trans-
mission stored in the XFR1 table. The final transmission is
queued in the Transmission Storage Table (TST) for transmission
by the Line Computer Interfacs Handler.

f. Line Computer Interface Handler - The Line Computer Interface
Handler controls the flow of transmissions from the Transmission
Storage Tables to the Test Statinn via the Line Computer Interface
(LCI); and controls the retrieval of data from the Test Station
instruments and stores it in the Test Station Control Table.

g. Instrument Receivers - The Instrument Receiver Routines control
the conversion of the data returned from the instruments through
the Test Station Control Table.

h. Peripheral Handlers - The Peripheral Handlers, Magnetic Tape,
Clock, Teleprinter Multiplexer, Fixed Head Disc, Moving Head Disc,
Console Teletype, and Card Reader, control the data transfer
between thelr respective devices and the core memory.

i, Computer to Computer Interface Handler - The Computer to Computer
Interface Handler controls the data transfer to and from the other
computers when the system is structured in a multi-computer con-
figuration.

3. Real Time Microwave Handler - The Real Time Mircowave Handler
contro’ls the transfer of data directly from the LCI Handler %o
the I'ixed Head Disec Controller.

k. Load and Swap Routine - The Load and Swap Routine controls all
core and Fixed Head Disc allocation requests made by the execution
controller. The Load and Swap Routine enables the Operating Sys-
tem to f.nction as if it had unlimited core memory (over 400,000
words of virvual memory).

1. Unit Under Test (UUT) Programs - The UUT Programs are interpretive
level programs written in the TECOM language which consist of a
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sequence of control instructions to be executed by an automatic
test station to determine the acceptability of a UUT.

m. Non-Resident Systems Routines - The Non-Resident System Routines
a- are subroutines used only by the execution controller. They are
‘ written as re-entrant, self contained packages which are loaied
into core as needer.

n. Multi-~User Packages - The Multi-User Packages are utility sub-
routines used by many of the operating system routines; as a
result, the many interconnections are not shown in Figure 1-2-2.

l1.2.2.3 Fixed Head Disc Storage Organization and Description.

The Fixed Head Disc is the principal input device for the loading of the
; Test Operating System. The disc is divided into three distinct sections
3 s as shown in Figure 1-2-3.

1 Th: first section contains all needed processors to perform the loading of
s the Test System (i.e., RTOS, XRAY, QUEUE, and LOADER). These processors
are under the control of the Real Time Dxecutive (XRAY) and use the Real

I Time Operating System Monitor (RTOS). This section also contains the diag-
i nostic packages used to maintain both the central processor and all associ-
2 ated peripherals.

The second section contains all routines, packages, handlers, etec., which
comprise the Test Operating System. They are written and stored in relo-
catable text. The Test Operating System (packages, handlers, routines, etc.)
is loaded into core by the relocatable loader (RESLOAD) via the XRAY
directives:

-

o Resident Subroutines (RS)
! o Resident Task (RT)
o Queue, Load and Execute (QU)

The third section of the disc (all remaining sectors) is subdivided into
four logical files as part of the Test Operating System initialization.

File zero is again subdivided into two subfiles wsed as temporary storage

by the UUT load routine, and as temporary storage of UUT programs by the

-3 ! UUT swap routine. File one is used to store (in ABSO form) the Non-Resident
B : System Routines loaded during system initialization., File two and three

are used as temporary storage of Real Time data by the Real Time Microwave
Handler.

. 1.2.2.4% Moving Head Disk Organizetion and Description. The purpose of this
4 section is to describe the ccnfiguration, content, file structure and access
» technique fo:r the moving head disk, Figure 1-2-Lk.

The moving head disk may vary in unique installetion configurations but must
have & minimum of one (1) and may have a maximum of four (4). Each disk is
addressed as a unique unit by Moving Head Disk Handlers.

The content of the disk(s) is arranged into three (3) major categories:
a. O0f‘-line Processing Bootstrap and System
b. Tnaexed Sequential File Descriptor and Key Indexes
c. ubBUT Progrem Ovject Text

The Off-line Processing Bootstrap aad System resides on disk zero (0) ir
approximately the first two hundred (200) sectors. It contains the off-line
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moving head aisk file operating system (DFOS), and processor packages
(XRAY, QUEUE, an¢ DSKDMP) to support the off-line function of printing sa
requested sector or sectors of the multi-disk file on the Line Printer.

In as much as the major bedy of the moving head disk(s) is arranged in se-
quential file organizetion, an area is appropriated to file description and
key indexes. The file descriptor is a one (1) sector area located on the
cylinder foliowing the OFFLINE Processing Bootstrap and System and centains
information regarding size(s) of file(s), number of entries in the file(s)
and sector pointers required by the disk handler routine. The sector whick
follows is allocated to a primary (master) index of part number keys and
their respective sector pointers to secondary (second level) key indicies

in which the actual UUT Object Text will be found. There 1is one master in-
dex key-pointer set for each second level sector. The next ten (10) sectors
are reserved for key-pointer sets (second level) that point to specific sec-
tors of the file(s) wherein the UUT Object Text resides. The actual UUT
Object Text in Header-Text format occupies the remainder of the fields).

The entire file, from one (1) to four (4) moving head disks, is treated as
a single continuous file with relation to the key-pointer indexes and is
arranged in part number sequence for access.

The access of information from the Moving Head Disk Controller is via the
Moving Head Disk Handler routine which upon receipt of a request for a
gspecific UUT obJject program performe the following functions:

For each request the file descriptor is examined for information regarding
file size, location of indexes and other pertinent data required for sesarch.
The primary index (master) is read next and scanned to find the sector
address of the proper secondary (second level) index. The identified
secondary index is read and scanned to find the sector address at which the
UUT ObJect Text Header is located. Finally the header and appropriate
object text is read for transmittal toc the reguester.

4,1 TEST DATA RETENTION
b.1.1 Data Lozging

The IH Test System automatically logs test data on magnetic tape as part of
the test execution. The Test Operator is provided control over test data
retention via a "Save No Data" switch which is integral to the control panel.
Illumination of this switch causes the system to restrict its retention to
a header record (used to identify test station activity when the station

is being used and for what purpose it is being used). The operator is
notified via the teleprinter that test data is not being retained. This i:
done to prevent accidental testing without data retention. The "SAVE NO
DATA" switch only has control over logging (parametric data is still com-
pared to specification and accept/reject decisions are still made even when
the switch is illumirated). In its normal state the switch is not illumin-
ated. All parametric data is stored at the point it is compared by the UUT
program and the test system subsequently logs the data onto magnetic tape.
Test data is always available on the Teleprinter at the operator's discre-
tion.

h,1.2 Test Data Buffer Construction.

The logging process employed by the test system involves constructing a test
data buffer which is appended to the UUT program. The header portion of
the butfer it built-up as eacl test is initiated. Assuming the "Save No
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Data" switch is not illuminated, additional information is posted by the
test system when an "INIT" statement is encountered and test data reading
increments are appended as each "Save" data statement is encountered in the
UUT program. The process continues until the buffer is filled at whiza
time the buffer is logged to tape. When the program is terminated, avcept/
reject disposition and stop test time are posted to the header.

k,1.3 Data Transfer

The actual transfer of data to magnetic tape is a function of the computer
configuration be..., «tilized. 1In a single comrute: configuration, the test
data buffer is logged directly onto the tape. In 2 multi-computer config-
uration with line and collection computers. the data is transferred from
the line computer(s) to the collection computer via the CCI. The data is
read into special buffer storage areas provided for this purpose and is
transferred to tape.

Since data buffers fill asynchronously, the actual seruence in which test
data records are logged onto tape, is random. Off-ly e processing is re-
quired to resequence the data tape into a format which can be processed in
the classical fashion. Reporting and analysis programs also are available
for producing management and engineering reports.

5.1 TECOM (Test Compiler) is a procedure oriented language for gener-
ating programs to perform acceptance and/or alignment tests on assemblies

or subsystems typical of a sophisticiated weapons system. The prograums
direct an automatic test equipment system containing a configuration of
programnmable instrumentation which apply stimuli and obtain measuremeats
from the unit under test (UUT). The programming process consists of trans-
lating the procedures for testing UUT's into TECOM Programs which autcmatic-
ally or semi-automatically conduct the unit tests.

The TECOM language is comprised of two groups of statements. The
statements of one group resemble several FORTRAN statements (e.g., DIMEN-
SiON, DO, arithmetic IF, etc.). This group provides common engineering
expression. notation, and program control capabilities required to solve the
test probtlem.

Special function statements comprise the second group. These allow the
engineer to select such functions as:

Address required instruments and define their fuaction, range, etc.
Route stimuli and measurement instruments to the UUT.

Specify numerical limits end tolerances.

Generate the commands which start, measure and -~<ntrol the test.

O 00O

The major benefit of TECOM is that the engineer can program his test
requirements in a language which appears natural for him using only common
engineering vocabulary terms. In addition, the engineer is relieved of
the responsibility for repetitive control functions {(i.e., program start
up, data l1'mit specification, data retention, pass-fail decisions, etc.)
by making these system tasks controlled by the UUT Program. The higher
level language aspect of TECOM mirimizes engineering training time, reduces
programming and debugging time, and also makes the test program self docu-
menting.
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Extracts from the "Improved HAWK Factory Test Computer System" manusl
Raytheon Company Missile Systems Division, Andover, Massachusetts.

APPENDIX B

A Distributive Intelligence Factory Yest System for Electronic Assemblies

INTRODUCTION

Sophisticaetion of modern electronic equipment and the stringent relia-
bility standards imposed by the military have resulted in the development
of a Distributive Intelligence Factory Test System used in the manufacturing
process ol electronic assemblies for the SAM~D uissile system, SAM-D is a
US Army Missile system with major new capabilities that has as its mission
air defense of the field army in the 1980-and-beyond time frame (1,.2).
Assemblies tested range in variety and size from microcircuits to phased
array radar antennas.

A major design feature of the test system includes the utilization cf
modularized hardware and software construction technigues to facilitate
maintenance, system expansion, and system flexibility (3). A standardiza-
tion program for commonality of instrumentation, program language, mechanical
configuration, and test adapters minimizes station design effort, simplifies
the softiware generation, and enhances the mainteinability and maintenance
logisties of the entire test complex. These philosophies are based on the
experience geined in another successful test equipment system designed for
factory testing of electronic assemblies - the Improved Hawk Automatic Test
System (4).

This paper presents the system overview and a general description
covering the characteristics and responsibilities of each major functional
area., Subjects include the test system organization and operation, test
data processing, the RATEL programming language in which UUT (unit under
test) programs are written, UUT program characteristics, and station support
gsoftware.

SYSTEM OVERVIEW

The factory test complex is configured as a two-level hierarchy of
computer systems (Figure 1). At the top level, a Central Computer system
performs supervisory control activities over the second level - a network
of remote Automatic Test Centers or Statioas that perform the test require-
ments.

The Central System, operating on & time sharing basis, is responsible
for not only maintaining a complete library of UUT programs and support soft-
ware packages for distribution to the test centers but also for formatting
and rzoording of teet deta aont from the test centers.

The Test Centers are structured as "Intelligent Terminals" with their
own Process Controllers for providing real-time local control of UUT test
sequences. The major responsibility of the Test Centers is to perform UUT
testing. This involves executing a test sequence, evaluating the response
from the instrumentation, determining the responses' acceptability, and
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requesting transfer of the test results to the Central Syster for permanent

storage. Other responsibilities include debuggiug all on-line station/UUT
! hardware, compiling and editing source text reyuested from the central

systen, and coordinating all commurnications between the Process Controller
and the Central System.

Stations are configured for testing electronic assemblies that have
compatible characteristics (e.g., analog, digital, etc.). Consequently,
vhile sharing many common design features (particularly communications and
software), the Test Centers differ in the specialized instrumentation nec-
esgsary to perform the particualar test function (i.e., analog instrumentatio
for analog assemblies).

i
!

; CENTRAL COMPUTER SYSTEM
|

X ' } PROCESS i PROCESS

"3 . LE?NTROLLER LE?NTROLLER

AUTOMATIC TEST AUTOMATIC TEST
STATION STATION

A Figure 1. Factory Test System

CENTRAL SYSTEM ORGANIZATION

The major hardware components comprising the Central System as shown
in Figure 2, include a Raytheon 704 computer with 32K 16 bit words of core
memory, a custom designed Multiplexer communication 1+nk to all the Auto-
matic Test Stations, an Informaticn Storage System model Tl4D disk with
13 million words of storage, two 9-track Pertec magnetic tape units, an
80 column 300 lines/minute Data Products line printer, a Documation model
W 1000 card reader, an ASR35 teletypewriter, a speciai design digitel clock,
3 and & Calcomp wodel 565 digital plotter.

The Central Computer controls the storage and retrieval of UUT programs
performs data collection, and provides managerial control over ‘he entire
test complex. The Multiplexer provides the communication link between the
Central Computer and the network of Process Controllers at the Test Centers.
The Disk provides permanent storage for UUT programs as well as the test
station support software (compiler, editor. e.:.). The Tape units are used
to log all system activities and test results from the test centers for
later off-line processing. The Line Printer produces the hard copy list-
ings for test data and UUT programs. 'he Card Reader serves as the primary
input device for entering oa di3X new UUT programc and gspecial date bapr g,
The Teletype provides an interactive man/machine interface link ta the
Central System operations. The Digital Clock is used by the Central System
during activity logging and is accessed by the test system for monitoring
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3 1. DATA SCREEN 4. ALPHA NUMERIC KEYBOARD
2. SPECIAL FUNCTION DISPLAYS S. CURSOR CONTROLS

2 PRINTER 8., OPERATOR SPECIAL FUNCTION KEVS
1 iﬂ : " FIGURE 4. OPERATOR INTERFACE TERMINAL
34

e T T T vy




i Sk e P EN
B e e i n-a = oy =

res TE i
Pt Ty - R P L
2 " aiah et s it dacti > Yo < T

NS R R O

s Loyt .. ™. - . - :m.‘ -,
SN e 2K 210 AL WSy S e SN p 4 -

of time dependent events. Herd copy graphic plots of UUT testv data and
other pertinent information can be obtained via the Digital Plotter.

TEST CENTER ORGANIZATION

The major hardware components comprising a typical test center also
snown in Figure 2, include the Process Controller ~ a Raytheon 7Ol computer
with 28K 16 bit words of core memory, a custom designed Multiplexer Inter-
face, a custom designed Standardized Interface Package (SIP), and an Oper-
ator Interface Terminal (OIT) consisting of a TEC model 415 message ori-
ented Data Screen with an slphanumeric keyboard and full cursor control,

a set of Operator Special Function Keys, an Operator Special Function
Disrlay Panel, and an 8) column 30 character/sec TI model 7225 Printer. In
addition, each Automatic Test Stationr contains the necessary set of com-
mercially available programmable and non-programmable stimulus/measurement
instruments required to support the desired testing function. A program-
mable switching matrix unit interconnects the station instrumentation to the
UUT via a UUT acdapter unit that is interchangeable and programmable. Figure
3 shows one of the Test Centers and figure 4 shows an closeup of an OIT.
Figure 5 details the Operator Special Fumnction Keys and Cursor Controls.

CURSOR CONTROLS &

FUN N S
2 FUNCTION KEYS UNCTION KEY

psL | cs SEMI
cH STOP [ATTEN| ayTo | ABORT
Ic i REJ
* STEP | MEAS | TEST | oW
g | HOME | —p~ PAUSE| pDISP |PRINT (;\AL_:.A
L]
oc 4 oL ves | No |conT lrePEaT

LOOP | EEOL | EEOP

Fig.5 Cursor Controls & Operator Function Keys

The Process Controller performs all the test control and man/machine
interface functions at the test center. The Multiplexer Interface unit
completes the communication channel between the Central System and the
Process Controller, A hardware bootshrap is provided to initially load the
local Proces~ Countrolser. The SIP hardware provides the control interface
between the Process Controller and all programmable instruments. The CIT
accomodates the human interface to the test stati processor, The CRT
provider for visual direccives, the Keyboard fror dava entry by the operator,
the set of Spe:xial Functioun Keys for entry of operator options during
testing, and the Special Function Display for status reporting of these
options. The Station Printer is used for selective hard copy data reporting
as required by the operator.
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FACTORY TEST STATION CONFIGURATIONS

Presently, eight station configurations are available for testing the
folloving categories of Electronic Assemblies:

Digital Modules and Microcircuits

Pulse/Analog Modules and Microcircuits

Interconnecting networks (substrates and Printed Wire Boards)
High Frequency Analog Modules and Microcircuits

Digival Subsystenms

Missile Uplink Decoder Tray

Antenna Elements

Radar Aatenna System Group

0000000

To fully comprehend the scope of the testing problem, & synopsis of each
station follows:

Digital Station - tests high speed (up to 10 MEKz) modules and microcircuits
performing a) dynamic functional tests (exercise a digital device by apply-
ing a predetermined binary pattern at typical operational speeds and ob-
serving the logic response). b) DC parametric tests, c) propagasion delay
tests.

Pulse/Analog Station - tests modules and microcircuits (pin configurations
from 14 to 120 pins) which require detailed waverform analysis. The station
provides sinewaves, squarevaves, and ramps at frequencies ranging from

1 Hz to 10 MHz and pulse stimuli from 10 Hz to 10 MHz with pulse widths

from 10 NS to 10 MS. UUT measurements are mede for periods, frequencies,
Rise/Fall Times, progagation delays, overshoots/undershoots, DC Resistances,
DC/AC voltages, time to voltage levels., time between voltage levels, storage
times, AC/DC currents, offsets/amplitudes, and VRMS tests.

Continuity/leakage Station - tests substrate and printed wire boards per-
forming a) Leakage tests {detect up to 1 Megohm shorts), b) Continuity
tests (no run exceeds 5 Ohms), and c) Resistance tests (Ranges of 10 Ohms

to 10 Megohms).

High Frequency Anslog Statlion (see Figure 3) - tests modules and microcir-
cuits requiring RF response measurements in the frequency range of DC to

500 MHz with RF levels of -114 DBM to +33 DBM and DC vcltages of 0 - S50.0
Vde. UUT measurements include Gain/Insertion Loss, Bandwidth, Phase, I/0O
VSWR, group delay, dyunamic response, noise figure, switching time, frequency/
period, intermodulation distortion, DC voltage, and Pulse response.

Digital Subsystem Station - tests & wide variety of assemblies composed of
digital modules and microcircuits. The heart of the test station is a cus-
tom designed High Speed Interface Controller (HSIC). The HSIC is a T2 bit
wide (partitioned into an 8 bit con*rol section and a 64 bit deta section),
256 word deep stimuli rendom access memory and a 72 bit wide, 256 word deep
response random access memory., The HSIC can present to the UUT up to 6k
lines of information in parallel, or up to 32 bits in seriel as well as
monitoring up to 64 lines of information from the UUT. The HSIC together
with a fregquency counter/timer, oscilloscope, power supplies, and pulse
generators determine & UUI's responsse,

Missile Uplink-Decoder 8tation - is dedicated to testing the uplink-Decoder
Missile Tray, this unit performs ths switching and control functions of
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the missile from pre-launch through the mission. A custom designed Data
Generator Panel provides all the necessary inputs to the Uplink-Decoder and
: together with the station instruments (counter/Timer, DVM, Oscilloscope,
Power Supplies) determines the unit's response.

Antenna Element Microwave Station - tests the Phase Shifter Element Assem-
blies of the SAM-D phased array antenna. Tne station provides the required
. RF power ((-Band Sweep Oscillator, Microwave Amplifier, microwave panel to
: control the RF signal, and freguency counter) to the element assembly. El-
ement measurements inciude transmission characteristics (both amplitude and

i phase) as well as reflection characteristics (amplitude and phase). Both
M single frequency and swept frequency measurements can also be made with the
i system.

Radar Antenne System Group (RASG) Station -~ is dedicated to testing all the
: phased array antennas of the SAM-D Ground Radar Systems. The station a)

v rifies the response of a Peripheral Electronics Assembly (PEA) box of the
r..dar to simulated status signals, which would reflect most system condi-

- t.ons, b) uses a RASG test set to load data into beam steering storage
register mocdules of the radar and subsequently sending the data back to the
test system for verification. ¢) checks out the PEA performance by moni-
torinz antenna row and column outputs, and finally d) verifies the capabil-
ity ¢’ the PEA box to perfornm phase shift element built in tests.

AUTOMATIC TEST STATIC, OPERATION

An Automatic Tect Station operates on a "Sign on/Sign off" basis. The
operator "Signs JOn" by selecting a UUT program and one of several modes of
operation: Test a production unit, troubleshoot a UUT, or program mainten-
ance (Compile, Edit functions). Each mode configures the station to
the selected activity, blocking other activities until the current mode is
"Signed Off". A special diagnostic mode is available for exercising and
troubleshooting all station hardware.

When production testing, the station communicates the program request
to the Central System via the station Multiplexer. The Central System
searches the Di-i for the correct authorized program and transmits it to
the requesting test station. Software interlo-ks exist between the UUT
program, Central System, and the test station such that programs can only be
executed on the test station to which they apply. The station then executes
the test requirements, makes accept/reject decisions, and transmits test
data back to the central facility for analysis ana retention. Finally,
the operator "Signs Off" his activity, and the station returns to a quiescent
state awuiting the next mode selection.

If the UUT being tested requires special manual instrument adjustments
or settings, instructions are sent to the operator hy the UUT program via
the CRT. The operator performs the desired action and program execution
resumes.

Two major station features are the "SEMI-AUTO" and "ATTENTION" oper-
ator options (two of the special fun~tion keys - see Figure 5). Selection
of "SEMI~AUTO" allows the operator to alter, via keyboard directives, the
current programmed state of an instrument., Selection of "ATTENTION" (mu-
tually exclusive with "SEMI-AUTO") allows the operator to display the last
programmed state of any inctrument, to display the instrument routing
showing the various programmable interconnections of AC/DC signals between
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‘he test system and the UUT, and to trace the execution of s UUT program.
Beth opticas serve as useful tools when debugging UUT orograwus.

The following suort list of additional station features provides an
insight into the flexibility of the test operating system. Most features
are combinations of operator options (refer to Figure 5) which can be exer=~
cised concurrently.

o Suspend testing cperatioas (STOP) , allowing optiouas to be
initiated/terminated, and then resume (CONTINUE)

[ Terminate program execution {ABORT)

0 Piint both accept and reject test data (PRINT + ALL DATA)

o Display both accept and reject test data (DISP + ALL DATA)

“ Susperd operations when a failed reading is encountered (PAUSE @
+ REJ DATA) and then resume (CONTINUE)

o Execute & single test instrumentation directive (PAUSE @ + STEP)
followed by a series of (CONTINUE's)

o Execute a single test sequence of directives (PAUSE @ + TEST)
followed by a series of (CONTINUE's)

o Continually execute a series of test directives (execute up to end
of loop and set its position (LOOF), then begin program again
executing single step up to the start of the loop and set its
position (DSL),

o A UUT program caen request the operator to respond to a test
statement (YES or NO).

o] A UUT progrem can request the operator to respond to a test

statement (REPEAT or CONTINUE)
TEST DATA

One of the most significant benefits ~f an automatic factory test
system lies in the common recording, retention, and analysis wiaich can be
aprlied to the test data. As the dat . is received from the station instru-
mentation, it is validated (vaiue is compared to applicable specifications)
and converted into standard engineering units. The data is then sent to
the Central System along with i1dentifying information (units of measure,
test number, test reading, accept/reject decision) for temporary storage
on Disk. At the completion of a UUT test, a Pass/Fall indication is
applied to the *est data, and then tihe entire data record is transferred to
tape. A list of serial numbers and their Pass/Fail indications is main-
tained in the Central System for the "lot" being tested. At the completion
of the "lot", a list of UUT serial numbers along with their Pass/fail
statistics are furnished to production control personnel.

At regular intervals, the test data tape is put through off-line
processing for adding the collected test data to the historical file and
for producing daily and weekly test activity management reports. Analysis
progrems are also aveilable to rerort on selected data of interest.

THE RATEL PROGRAMMING LANGUAGE

UUT programs are written in a Raytheon Automatic Test Equipment Lan-
guage called "RATEL". RATEL is a FORTRAN based Iucerpretive Language
deaigned for both analog and digital test problems. It includes nearly all
the capebilities of Raytheon 704 FORTRAN IV and SYM II (Assembly Language).
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RATEL provides to the user two related language processors. The first is
a one pass Compiler that translates the RATEL version of the program into
an interpretive language version of the program. The second processor 1is
& Run Time System Interpreter which executes the interpretive language

program generated by the Compiler. A unigue aspeet of the RATEL Compiler
is its ability to perform full Syntax editing-minimizing the possibility
of generating code which might place a test station in an unstable state.

Five basic groups of Data Structures are defined:

o Single Precision Incegers
-16 bit decimal (-32768 to +32767)
~16 bit hex (X'0000' to X'FFFF')
-15 dit octal ($'00000' to $'77T7T")
0 Mid-precision floating point reals (-10%#38 to +10%#38)
Alphanumerics (up to 12 characters)
0 Bit patterns (up to 96 vits) generated in terms of
~Hex (4 bits/digit-max 24 digits)
-Octel (3 bits/digit-max 32 digits)
~Binary (1 bit/digit-max 96 digits)
o Birery fields (up to 96 bits) generated in terms of "0O's", "1's"
and "X's" (Don't Cares)

o

RATEL supports complete alphanumeric manipuletion. A special data type,
ALPHA, allows the programmer to directly manipulate alphanumeric strings.
Speciri statements repluce one string or substring with another, convert an
integer value into its alphanumeric equivalent, and compare two strings
branching on the resalt.

RATEL al<o supports complete bit pattern operations. A special data
type, BUFFER, allows the programmer to directly manipulate bit patterns.
The bit operations are performed either on a pingle parameter (shift left/
right logical, shift left/right cireular, invert, 2's complement, =and an
end-end reversal) or between two parameters (add, substract, multiply,
divide, logical and, exclusive or, and inclusive or). A special statement,
LET, is used in place of the normal assignment statement for replacement
operation. A unique feature of RATEL 1is the ability to reference selected
bits within e bit field., A special data type, REGISTER, allows the progranm-
mer to directly access and operate on any bit groupings (in any order) as
though the entire grcup were a continuous block of bits.

Another feature of RATEL is that of program segmentation. When a UUT
program becomes too large to incorporate in & single progrem load, the
progremmer can divide it into smaller inderendent sub-program units called
"SEGMENTS" (maximum of fifteen). The complete program 1s executed one
scgment et & time, called ir any desired order (not necessarily Seg 1, ...
Seg. 15) or frecuency. A fundamental concept to segmentation is that of
Global and Local variables. Global variables are those defined in the main
program of the first segment and are accessable from eny part of the progran
{other main progrems, subprogrems and segments). Local variables, however,
are those defined within subprograms and segments (other than the first) and
are accessable only to the subprogram unit in which they are defined.

The test capebilities are provided by en extensive selection of test
entsd wverd types statemeonts divided into seven categoiies {sec Table Ij.

And
The following paragraphs outline the RATEL test statement highlights,

Instrument Controi Statements - direct the actions of programmable instru-
ments. They include the following operations:
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II.

III.

Iv.

VI.

VII.

Iastrument Control Statements

Clear
Enter
Looy

Input

Reset an instrument or station

Set up an instrument

Pur an instrument in a local lcop mode
Take Data from an instrumenc

Matrix and GPR Communicetion Statements

Latch
Unlatceh
DEFMXT

SETGPR
RESGPR
DEFGPR

Close a Metrix point

Open & Matrix point

Define an assdciation between Matrix points(s) and
alphanumeric symbol(s)

Bet "1" to the indicated GPR bit positlon(s)

Bet "0" to the indicated GPR bit posjcion(s)

Define an association between GPR bit position(a) and
slphanumeric symbol(s)

Time Control Btetements

DELAY
TIME

- Weit a period of time
- Get Time of Day

Progrem Control Statements

TERM
ABORT
REPCO
YEBNO
SENSE
SBEGMNT
TEST
8ANDS
8BD
GETAD

Normal completion of test

8ignify abnormal completion of test

Ask cperator for a REPEAT/CONTINUE decision
Ask operator for a response YES or NO

Sense a software/hardware switch

Retrieve a program segment

Defize a test number, name, and reading count
Spec and Bave numeric data

Retrieve a classified freguency

Retrieve adapter code

Teble Processing

CATDB
GETDB

- Catalogue & dute block
- Retrieve & data block

Non-Direct Reed-out of Instruments

MEAACV - Measure the ACVM Ballantine 3571

MEABYWG - Measure network analyzer - GR1T710

MEAVVM - Measure vector voltmeter - HPBLOSA

REDACY - Read the ACVM Ballantine 3571

REDBYG - Read network analyzer -~ (GR1T710

REDVVM - Read vector voltmeter - HP8LOSA

Dedicated Instrument Statements

REDPW - Read RF Power Meter HPL32C

MONITOR - Monitor a power supply for a desired voltage
MONCUR - Monitor & power supply for a desired current

TABLE I . RATEL TEST ORIENTED STATEMENTS
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o Power reset or initialize an individual instrument or the entcire
test station
o Prepare an instrument to app.y a stimuli or to take a measure-
" ment.
3 o Comnmand & measuring instrument into a continuous measurement
E mode

Direct an instrument to make a reading according to its pro-
grammed preparation.

Matrix and GPR Communication Statements -~ a) Route stimuli and measurement
signals through the test station Switching Matrix to and from the appropri-
ate UUT pins, b) supply up to 4B bits of digital data via a general purpose
register for functional testing on devices requiring DC patterns, and c¢)
supply up to 48 bits of digital date in parallel to a UUT,

o
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Time Readout Statements - give the UUT programmer the facility for real-
time clock monitoring and for instituting program delays during execution.

Program Control Statements - cause the tesgt station to perform unique auto-
matic test station actions. These include the following operations:

0 Terminate execution, perform finish-up funetions on the unit
(e.g., accept/reject decisions) and then return all station
hardwvare to a quiescent state.

K o] Generate an abort condition
& o Permit the execution of a program to pause and then branch a
- an operator response from the special function keys (Figure 5)
- o Examine certain test station operating conditions (e.g., in
production mode testing, current unit has a fajled reading,etc.)
4 o Transfer control from one executing program segment to another
: o Provide to the test system the starting location, test number,
A and total count of a test reading sequence
E o Specify and permanently record numeric and bit pattern test data
readings
o Retrieve classified frequencies
(o) Retrieve integer code value of adapter connected to a UUT
R Table Processing statements - direct a communicetion to be made to the cen-

tral system to catalog or retrieve data structures.

' Non-direct Readout Statements - . few programmable measuring instruments
generate outputs which exist as DC voltage levels and thus are not directly
E available in digital form. The RATEL non-direct readout statements deter-

4 mine these meagsurement values by programming intermediary devices to convert
the DC voltages to digital patterns and then performing the necessary data
manipulations and conversions to standerd units of measure.

E Dedicated Instrument Stetements - are designed for certain instruments

{such a&s power supplies) which must have dedicated verb type statements to
pr.gram them).

4 UUT PROGRAM

” Each UUT program is written as a comp.etely self-contained RATEL coding
; module with the exception of the calls to station support routines such as

3 the Math Librery and Instrument Drivers. Instruments are programmed by
specifying their programmable functions in standard engineering termin-
ology, for example:
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ENTER (DVM, VDC, 100)
INPUT (DVM, VOLTS)

Execution of the ENTER statement prepares the digital voltmeter to take a
DC voltage reading on the 100 volt scale. Execution of the INPUT state-

ment causes the Digital Voltmeter to actually perform the read action and
return the value in the variable VOLTS,.

Programs are initially created via cards and entered onto Central's
disk from the card reader. An alphabetic revision and numeric compile
count idenc¢ify every program statement. During program generation and in-
vestigation, unlinmited program modifications can occur with each generation
identified by a unique compile count. Program revisions are also associated
with production serial number effectivities for the UUT. UUT programs have
the following characteristics:

o Programs are named from the production control part number as-
signed to the unit.

o Comments are allowed on each statement line as well as in Comment
stotements

o The user can generate his own assembly language procedures for
referencing by the UUT program.

o Symbolic names may be any length for the programmers convenience

with the first five characters being unique (characters after the
first five are ignored).

0 The Central disk 1s accessable during program execution for
retrieving and cateloging data areas

S+ATION SUPPORT SOFTWARE

Each station Process Controller is software controlled by an Executive
program called "MONITOR/TASK MANAGER". Activating the test station vie
the bootstrap load brings in the Executive program. The "MONITOR/TASK
MANAGER" responds to the mode selection made by the user/operator to bring
into core from the Central System the desired support sys*tem or test program.
To manage test program execution, a Run Time System Interpreter is included
as part of the UUT program sent from the Central, Support systems include
a Compiler and Editor for program maintenance and special software to assist
in station maintenance.

Since a significantly large variety of units are being tested, every
effort is made to minimize program generation, validation, and execution
time, A RATEL source EDITOR gives a programmer the interactive capadbility
via the Keyboard/CRT to perform on-line maintenance support for any UUT
program. The EDITOR performs program displays, selective statement dis-~
plays, +nd maintenance activity (adds, changes, deletes) resulting in
program modifications. It also locates all references to a given character
string within a selected program unit. During program validation, an on-
line Trace option helps the user follow the program path and the computa-
tion of values by printing informetion about program identifiers (value of
variables, DO loop parameters) and structure points (all branch labels and
subroutines entered/exited). The user enters and exits the Trace mode at
will, via the Keyboard/CRT. (ATTENTION option).
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CONCLUSIONS

The Distributive Intelligence Factory Test System being used in the manu-
facturing process of SAM-D electronic assemblies has been in daily operation
gince 1973. The SAM-D Missile system is currently in the Engineering De-
velopment phase which precedes the Production and Deployment phases (5).

The test complex described here support: the eight stations used *n the
SAM-D Development phase. Initial launches f-om White Sands Missile Range
have been a "Resounding Success" (6,7). Just recently, (8), an important
flight test was "Impressive". It is projected that as requirements for
gspecific test functions expand and the test work load increase, more test
stationes will be designed and ultimately integrated into the test complex.

O0n closing, it should be noted that while the test system is currently

being used to test SAM-D assemblies, its capabilities could be extended as
e factory test system in other application areas.
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PERSHING Ia TEST EQUIPMENT

J. Frank Dement
Martin Marietta Aerospace

Orlando, Florida 32805

ABSTRACT

Pershing Ia maintenance philosophy is described, followed by functional descriptions of
selected pleces of test and checkout equipment for use in forward area, rear area, and
factory test and maintenance work. Normalized cost data and cost drivers are presented
and two manufacturing technology projects are proposed.

INTRODUCTION

This paper, which was prepared for the Army Materiel Command Missile Manufac.uring
Conference, Test Equipment Panel, describes the Pershing Ia (prior to addition of the
Automatic Reference System and the Sequential Launch Adapter) missile system.

Major missile systems such as Pershing have a large number of pieces of test and
checkout equipment., Therefore the test equipments described here were selected so that
each major area of use would be represented by a major piece of equipment.

THE PERSHING WEAPON SYSTiM

The Pershing Ia Weapon System is a tactical, mobile ballistic missile system possessing
the capability to respond effective’y to any nuclear or major nonnuclear threat to the
United States or its allies.

The system 18 comprised of all firing battery components required to conduct launch
operations as well as equipment necessary for rear area support and maintenance functions.
Firing battery autonomy is the keynote requirement,

In its basic scenario, the missile delivers a nuclear warhead to a preselected target
out to a range of 400 miles from the launch point (Figure 1). When the missile is fired,
the first stage rocket motor is ignited, Pershing liftoff occurs and the missile begins a
predetermined pitchover maneuver toward the target, When first stage burnout is achieved
the misgile enters a coast pericd. At the end of the coast period, first stage separation
occurs and the second stage rocket motor is ignited to accelerate the remaining missile
gectlons along the flight path. During second stage burn, the guidance computer constantly
computes the misgile's velocity and displacement, When the proper values of attitude,
range, and velocity have been attained a thrust termination signal is applied, second
stage separation occurs, and the warhead is spun at 32 rpm to stabilize its forward motion
as it continues on a ballistic trajectory to the target.
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Figure 1. Typical Pershing Flight Scencrio

Pershing Ia Firing Battery Components

The various components required to conduct launch operations at the firing battery
are the missile, erector~launcher, programmer-test station and power station, azimuth
laying set, battery control cen*val, and the radio terminal set, The latter two devices
are utilized to maintain communications with higher headquarters so as to control and
coordinate firing battery operations. All of these components are mounted on whe:led
vehicles (Figure 2) except for the azimuth laying det which is transported on a 2 1/2 ton
cargo vehinle and unloaded for ucze.

MSgsile. The Pershing missile 1s a two-stage, surface-to-surface ballistic weapon
capable of engaging targets out to 400 xiles. It has an all-inertial guidance system
which piaces the nuclear warheud in a preselected ballistic trajectory by using data in-
gerted into the guidance and control r~omputer before liftoff. Once the missile is air-
borne, it is completely free of ground control and therefore unaffected by all known
methods of guidance countermearures,

Erector-Launcher. Desisned for simplified transportation and fast erection and firing
of the Pershing missile, th: erector-launcher is capable of paved road or cross country
travel. At the firing site automatic erection and leveling contribute to a very rapid
rate of fire. The erector-launcher (EL) with missile aboard is towed by the XM757 tractor.
The erector-launcher (EL) with missile aboard can also be transported by C~130, C-133, and
C=141 atrerafr

Programmer-~Tegt Station and Power Station. The programmer-test station (PTS) is
carried on an M656 vehicle and features uolution of firing equations, rapid missile check~-
out and countdowns, with complete computer control, and automatic self-test and malfunction

4s5a,




isolation. Additionally, the PTS performs tests that simulate airborne missile operation,
programs the trajectory of the missile, and controls the firing sequence. The power sta-
tion, .hich provides the primary electrical and pneumatic power for the missile and ground
support equipment at the firing position, is transported on the same vehicle.

Programmer Test Station

Radio

.
Termiral Missile é’

Set

Battery
Control
Central

wWarhead

Erector
Launcher

Figure 2. Pershing Ia Firing Battery Components

Rear Area Support Components

All elements of the system are maintained in a state of combat readiness by the rear
area support equipment.

The system components test station (SCTS) is used to perform rear sreca maintenance of
the Pershing system (Figure 3). Housed in a mobile center, the SCTS under computer con-
trol tests migsile sections and assemblies, cards, relays, and modules from the guided
missile and asasoclated ground support equipment. Diagnostic programs are also provided
for verifica~ion and troubleshooting of major SCTS assemblies. The SCTS contains a dis-
mounted PTS and has facilities whereby one missjle guildance section can be teste! and
another repaired simultaneously unusr controlled temperature condi.ions. Power for the
SCTS originates from the power station (-mivalent.

The power station equivalent (PSE) provides the same outputs as the f£i1.ing battery
power station but is capable of more sustained operation. Comprised of two trailer-
mounted power stations and one facilities-distribution trailer (Figure 4), the PSE
furnishes all the power required for rear area checkout.

Several shops and semitrailer vans (Figure 5) are assigned to the rear area to pru-
vide facilities for electrical and mechanical maintenance and repair, parts storage, and
offices for direction and contral of direct support and general support maintenance

Corommmd mem =
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Separate reusable shipping and storage containers (Figure 6 are provided for each
of the four missile sections. The containers protect the missile sections from the effects
of excessive vibration, abnormal handling, and intolerabls atmospheric conditions.
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Figure 3. System
Components Test
Station Exterior

View

1 - Personnel door 6 - Leveling jack (Z)

2 - Air conditioner-heater 7 - PTS power cable entry panel
3 - EG.'pment enirance door (2) 8 - Safety lanyard

4 - Air vent filter § - SCTS main cable entry panel
5 - Humidity indicator - Modification mounting panel

Figure 4. Power Station Equivalent




Repair Shop

Supply Van

Figure 5. Support Shops

FIRST TAGE CONTAINER

QUIDANCE SECTION CONTAINER

Figure 6. Missile Section Shipping
and Storage Containers

Pershing Maintenance

The maintenance of the Pershing Weapon System is broken down into three areas of con-
cern: Forward Arca (firing battery), Rear Area, and Depot.

In the forward area the PTS .s programmed to accomplish a self~-test routine to verify
irg funetional inteagriry nrior to 2 miceile countdewn, During 2 sissile countdown fault
detection is accomplished automatically by the PTS, 1In the cave of a missile failure,cor-
rective maintenance is accomplished by the replacement of the defective missile section.
Upon detection of a PTS failure during countdown, the countdown program will callout a
diagnostic tape program which will fault isolace the PTS to the failed subassembly. PTS

bsd.
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power station and erector launcher fault detection is accomplished through the use ot
manual testers and selfcontainad panel indicators.

Rear area maintenance is accomplished mainly with the SCTS which is augmented by a
complement of tools, test equipment and repair facilities contained in special shop sets.

Missile section and subassembly test, fault detection, and isolation are accomplished
in the SCTS. Section corrective maintenance is limited to assembly replacement. Missile
assemblies are functionally verified in the SCTS and the missile guidance and control com-
puter is fault isolated to replaceable plug-in subassemblies. All other missile subassem-
blies are repaired at depot.

Self-test tape program routines are periodically conducted to verify the SCTS func-
tional integrity. Upon detection of a fault, special diagnostic tape programs are called
out which will fault ieslate the respective SCTS assembly. Corrective maintenance crn-
sists of replacement of defective assemblies, subassemblies, cards, relays, test connectors,
cables and wiring.

Depot maintenance functions encompass the capability of the field and the manu.acturer.
The depot has the facilities for overheul, repair and test of components using tools and
test equipment similar to, or the same as those uced in the factory.

The Programmer Test Station

The programmer-test station (PTS) functions as a mobile fire control center for the
Pershing system. PTS equipment controts prelaunch and launch sequences, computes missile
presets and firing azimuth, and provides communications, power distribution, and zontrol.
The PTIS also provides basic test and malfunction analysis, including fault isolation and
self-test capabilities. The primary operating circuits of the PIS are contained in thsee
groups of functional equipment: a console, a computer, and an adapter (Figure 7). The
congsole is used for the following: manually entering information into the computer; ini-
tiating, controlling, and monitoring the firing sequence; and performing fault isclation
procedures. From the console, the operator applies power to the computer and adapter,
enters the program for the fire sequence, and enters the data (manual data entry) pertain-
ing to the firing position location, the target location, and the type of warhead burst.
Command signals, digitel in format and properly programmed by the computer, are applied to
the adapter. The adapter either converts these signals into analog signal voltages or
buffers them for use in presetting the missile guidance section, monitoring and c.~trolling
the operation of the ground support equipment, and checking the missile sections when in
containers. In addition, the adapter converts monitor and command signals from the mis-
sile, ground support equipment, and missile sections in containers and sends them to the
computer for analysis and to the console which indicates the status of the fire sequence.

WMITOR AND
COMMAND SIGNALS FROM
MISSILE, GROWND SUPPORT
EQUIPIENRT, AND MISSILE
SECTIONS IR CONTAINERS

OHTROL ARG ; 16HAL
Y 1 f4 f‘ e >
PROGRAY ODATA TRANSFER CO'VAND STONALS YOLTAGES
[NITIATION . TO MISSILE,
RID CONTROL, CONSOLE SISPLAY REALDLT orPUTER ADAPTER  |—gm GROUND SUPPORT
MANUAL DATA F:D CONTROL MONITOR AND EQUIPIENT, ALD
ENTRY (PRESETS) SIGNALS CONTROL STGNALS HISSILE
[ e
MTAN
L CPVRND SRS } conTal

PONITOP AND CONTROL STONALS

Figure 7. Programmer Test Station Block Diagram

The PTS is housed in a shelter constructed of foamed-in-place panels. The basic
shelter is approximately 7 feet high by 8 feet long by 7 feet wide. There are four
isoskids, one on each corner, for shelter protection in case it is accidently dropped.
Five cable entry panels provide access to all cable connections. The arrangement of the
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*. interior of the PTS shelter is shown in Figure 8. The operators console is composed of
-4 a number of panels which contain the switches and displays used by the operator. The

countdown panel, the tape reader, and the maintenance panel are considered to be function-
v ally part of the computer. The remaining panels include the utility panel, the azimuth

laying control panel, and the phone control-voltage monitor panels.

.3 Left Side View Right Side View
A» 1 - REMOTE FIRING BOX 1 - LAUNCH CONTROL PANEL ASS 'MBLY
s 2 - AZIMUTH LAYING CONTROL 2 - MAINTENANCE PANEL ASSEMBLY
.4'~ BOX *3 - UTILITY CIRCUIT BREAKER PANEL
i 3 - PHONE CONTROL PANEL ASSEMBLY
: ASSEMBLY 4 - TELEPRINTER
3 *4 - ADAPTER 5 - TAPE STORAGE CABINET
~ .4 *5 - CARD AND MODULE TEST SET *6 - CONSOLE
Y *6 - POWER DISTRIBUTION ASSEMBLY 7 - VDLTAGE-PHONE MONITOR PANCL ASSEMBLY
*7 - SIGNAL DISTRIBUTION BOX 8 - COUNTDOWN CONTROL PANEL ASSEMBLY
X *8 - COMPUTER 9 - AZIMUTH LAYING CONTROL PANEL ASSEMBLY
Y 10 - TAPE READER
*COMMON TO PTS/SCTS
p Figure 8. PTS Interior View
77; The controling and sequencing element in the PTS is a general-purpose computer. The
. computer Is a stored program, parallel, binary, fixed point machine, whose major components
e are a central data processor, an input/output assembly, four core memory units, a power

supply assembly and an electrical equipment rack assembly. The basic word length is 23
data bits plus sign and parity (25 bits total). The memory is magnetic core, random access,
with a 4 microsecond cycle time. The computer is normally supplied with 16,384 words of
memory capacity, but can be expanded without redesign. The computer employs 45 basic in-
structions, tut by using microprograrming techniques, up to 300 instruction variations are

K available to the programme *. The memory 1is protected io that accidental interruption of
input power to the computer will not causre tha contantra af the memarv ta he alteraed, The
input and output circuits o. the computev are compatible with devices usinp fleld data
codes. A simplified block diagram of the computer and control console 1s shown in Figure 9.

The control console provides the controls and indicators by which the operator con-
trols and monitors the operation of the PTS. From the console, the operator controls the
application of power zo the adapter and the computer, enters data, and observes indicators
that display the status and condition of the fire sequence. The console contains the
azimuth laying control panel assembly, voltage~phone monitor panel assembly, maintenance
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panel assembly, tape reader, countdown control panel assembly, utility panel assembly,
teleprinter, and launch control panel assembly, utility panel assembly, teleprinter, and
launch control panel assembly.

The countdown control panel acsembly is used for manually entering data into the com-
puter during program execution. A visual display indicator on this panel indicates which
phase of the program is in progress, the reason for hold conditions when a hcld condition
exists, and the cause of a malfuncticn when a malfunction occurs.

CONSOLE
CONTROL PO,
- {) Al
MATHTENANCE . |
PRIEL °£§;‘ég"$§gﬁ cg;;ggL TAPE READER TELERRINTER | 1
l ASSEMBLY ASSEMBLY
- | DISPLAY
coNTROL |oATA coutRo parst | 0aTa wn | couTRoL | oaTA  owTROL [oaTa
CONTPOL
[ K
""“Eg CONMAND
CONTROL [HPUT/OUTPUT ASSEMBLY » SIGNALS
SIGYALS 10
FROM ROAPTER
ADAPTER .
. MEMORY
aooness loata  |covtroL coumaoL | oata | HERORY
CORE MEMORY 0ATA genTo
34ITS BLTA |
(4) PROCESSOR
COMPUTER

Figure 9, Computer and Control Console Block Diagram

The tape reader 1s used for entering puached tape program data into the computer.

The teleprinter provides a historical record of all data and all information displayed
on the countdown control panel assembly informaticn readout indicator during a fire
sequence.

1he maintenance panel assembly is used in conjuncticn with prepunched diagnostic tape
vhen fault isolaticn procedures are being performed on the computer. It contains three
aiphanumeric display tubes. A number is displayed for each step of the test. Comparison
of the number displayed with similar numbers in the repair data tables resulis in isola-
tion of the malfunction,

The adapter serves as the electrical interface between the computer and t' missile
system. All electronic circuits of the PTS which are not part of the computer, the utility
circuits, or the console equipment are included in the adapter (Figure 10).

Opverating under the control of the computer, the adapter circuits perform mnst of the
actual controlling and monitoring function of the P1S. There are 215 control lines which
can be switthed va and off by the computer through adanter circuits: this number can be
increased to 360 without basic design changes. An additional 215 lines ar« monitored for
the presence or absence of signals; this number can be increased to 396 without basic
design changes. The adapter accepts digital informatinn from the computer in the form of
an 15-bic parallel word, converts this information into analog information or buffecrs
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digital woirds for presetting the guidance systum and sequencing the countdown of the mis-
sile for flight., Circuits within the adapter also convert analog information from the
card and module test set (CMTS) and the ground support equipment to digital information
for the computer.

Th2 adapter circuits consists of 70 printed circuit cards (18 different types) and
231 wodules (5 different types). The modules are plugged into the register board and the
printed circuit cards are containes within the electrical equipment rack.
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The functions and interfaces of the adapter are shown in Figure 1l1. The operations
and control function, using reset, row select and data from the computer, generates the
coumand signals necessary for the operation of the adapter, the CMIS, the azimuth laying
equipment and the console. This function also generates echo signele to the computer on
completion of a function.

The command and mo~-.oring function, on comrand from the operations and control func~
tion, produces control signals for use by and monitor sigrals from the missile, ground
support equipment and the CMTS. Status is ovided by this functicn to the control panel
and the remote fire box.

The platform alignment function, in conjunction with the ezimuth laying 2quipment,
aligns the missile platform. This function 1s controlled by the operations and control
function.

The ac/dc stimuli function, under computer control, generates the necessavy stimuli
for platform alignment, command and monitoring, measurements and presetting functions.
It also supplies stimuli to the missile, ground support aquipment, CHTS, and missile
gections in containers.

The measurements function, under computer control, measures ac/dc voltage, frequency,

1 A mevaem st A
COMPGY L300

aw ! maliman alaa
afiw S3RC3 Paals
The card and module test set (CMIS) operates automaticully in conjunction with the

computer and adapter to test the cards and modules of the adapter, the CHMTS, and the cir-
cuit network modul-s of the computer., Operating under computer control, the CMTS connects
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power, internally generated stimuli, and adapter-generated stimuli. Any test loads re-
quired are also connected. The CMTS monitors and measures the circuir outputs and the
resvlts are sent to the computer. The computer compares the results i th predetermined
standards to determine whether or not the circuit outputs are within p.estored tolerance.
If they are not, the test is halted and the readout of the failure test is displayed.

i System Components Test Station

The system components test station (SCTS) is used in performing rear area maintenance
of the Pla system. I: utilizes a computer and tape programs for testing missile sections
and asscmblies, cards, relays, and modules from the guided missile and associated ground
support equipment. Diagnostic tape programs are also provided for verification and trouble-
shooting of major SCTS assemblies. The SCTS contains a dismounted PTS and has facilities
whereby one missile guidance section can be tested and another repaired simultaneously
under controlled temperature conditions. The major assemblies of the SCTS are divided
into two categories: PTS agssemblies and SCTS assemblies (Figure 12).

PTS Assemblies. The major PTS assemblies used in the SCTS are the adapter, card and
module test set, power distribution cabinet, console, computer, utility circuit breaker

TAPE STORAGE CABINET AND WORKIABLE RIGHT SIDE

CABLE STORAGE CABINET OSCILLOSCOPE

AC/DC DIFFERENTIAL VOLTMETFR

AIR CONDIIONING UNIT 3. ;i\12$—
20 000 B1U EACK —
LEFT SIDE CIRCUIT BREAKER AREA
AR
CONDINONING
CONI201S

ADAPIER
PNEUMATIC 1E51 CONSOLE

RELAY PANEL AND
REVFILTER ASSEMBLY

!
l | \ ubuty CiRCan?
}l( BREAKER PANEL ASSEMB) Y

COMPUTER SIGNAL DISTRIBUTION BOX

Figure 12. Major Assemblies of SCTS
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panel assembly, and signal distrioution box, The PTS assemblies are used when testing
missile sections, PTS circuit cards, and PTS modules. These asseublies perform the seme
functions as in the PTS.

SCTS Consoles and Asgemblies. The major SCTS consoles and assemblies are pneumatic
test ccnsole and assembly tester (Figuree 13 and 14). Other significant assemblies of the
SCTS are the distribution console, the cable and tape storage cabinets, oscilloscope, and
ac/dc differentlal voltmeter.
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Figure 13. Assembly Tester

The distribution console distributes primary power to all SCTS major consoles and
assemblies within the SCTS van, 1In addition, it routes test signals to and from the mis-
sile sections under test. The distribution console contains a patchboard receptacle, a
circuii broaker panel | a relav panel, radio frequency interference (RFI) filters, and a
storage area for technical manuals.

A rotary inverter supplies precise 115 volt, 3-phase, 400 Hz power to the assembly
tester and to the applicable UUT's on the assembly tester.
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The air conditioner-heater control panel is used to set the air temperature output of
the air conditioner-heaters. The alr conditioner-heaters supply either cool or warm air
as required to maintain the interior at a temperature of 77°F t6°F,

Storage cabinets are provided for the UUT cables and prograrmed tapes used during
assembly tester checkout of a UUT.

An oscilloscope and an ac/dc differential voltmeter are used during UUT testing when
adjustments and critical voltage measurements are required. The are also used for fault
isolating and troubleshooting the assemblies within the SCTS,

The assembly tester provides necessary stimnli, loads and switching operations tor
functionally testing certein assemblies, printed circuit caids, and relays of the Pershing
weapon system. Programmed by row and column select signals from the adapter, the assembly
tester performs essentially three functions in the following order: generation of the
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required stimuli and loads, application of the selected stimuli and loads e the unit under
test (UUT) and prenaration of the UUT responses for measurement by the adapter and computer.

Stiruli and loads selection is accomplished, under computer control, through relay
matrix controlled interface relays to signal buses or tc two special connectors on the UUT
connector panel. Most of the buses are time shared. From the signal buses, stimuli and
loads can be routed to signal routing function for application to a UUT or to signal
measurement function for verification of proper value.

A signal matrix consisting nf 75 relay tree cards can switch fuauctions to any one of
150 pins on three UUT counectors. The matrix switches stimuli and loads to the UUT and
routes the UUT response co the signal measurement function where the signal is digitized
for comparison to preprogrammed tolerances.

The digital logic analyzer (DLA) is used in conjunction with the assembly tester to
test ard fault isolate the guidance and control computer (G&CC) as a UUT. Under program
control, the DLA is capable of loading & 16-bit binary word into the G&CC registers and
memory-controlling the starting of the G&CC central processor; simulating G&CC input-output
control functions; testing the G&CC input-output bus, address bus and the communication
signals, and monitoring the logic levels of preselected signals generated in the G&CC.

The pneumatic test console (Figure 15) performs tests on the guidance section plat-~

! form air supply system when the guidance section is mounted on the test dolly inside the

. SCTS van. 1t also tests the ability of the guidance section to remain pressurized during
flight. The replacesuble items in the platform air supply system that can be tested are
the pressure switches, oir pressure regulator, heater, and heater thermostat. The high-
pressure air supplied by the pneumatic test console is also used to precharge the hydraulic

. actuators, 1f required, during their UUT testing.

Sof tware

The forward area software used in the PTS consists of fourteen mwajor tape programs.
These tape programs are countdowns, diagnostics, missile sections, and trainers.

The above tapes are batch processed with a large date center computer using an assembly
program. The assembler program is a FORTRAN program which will accept the three levels of
language used (D84 symbolic, Pershing symbolic and D84 Octal) to produce the software.

The D84 symbolic is an interpretive language on a one for one command. The Perching sym-
bolic is a special language that allows the program to call on subroutines after being
decoded by an executive subroutine. The D84 Octal is strictly machine language code.

The rear area software used in the SCTS consists of twenty~-four major programs. These
programs are used for diagnostics, UUT testing and calibration. The above programs are
developed by the use of a FORTRAN Assembly program which is processed at a Data Center.

The agsembly program accepts input of a special language (SCTS) which was developed for
rear area programming. It controls 1/0 drivers used during the UUT testing. Forward and
rear area programs are documented and punched on mylar tape.

Scope of Software
Forward Area (PTS) Rear Area (SCTS)

Fourteen Major Tape Programs Twenty-four - Major Tape Programs

3 countdaum nragrams 1. 2 executive

2 diagnostic programs 2. 2 airborne loader

2 missile section 3, 2 diagnostic

2 middile in-container 4. 17 UUT master tapes
2

2

1

trainer 130 individual programs
card test UUT 5. 1 calibration
computer diagnostic

SNOUV EWN -
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Figure 15. Pneumatic Test Console
Assemblies

1 ~ Pressure test set 5 « Pneumatic test chassis
2 - Pneumatic chamber 6 - Storage drewer

3 - Hand pump 7 - Storage cabinet

4 - Pneumatic control panel 8 - Connector panel

Acceptance Testing, Pershing

Pactory (acceptance) testing of the Pershing system is for the most part performed
using manually controlled equipment. An example of this is the test equipment at control
point 713 where full up guidance sections are tested.

Teats are limited to those functions which interface with other items; e.g., other
missile sections and the ground support equipment., A complete test of a "go" G&C section
requires two men and 32 hours.

The guidance and control section test set at control point 713 gerves to confirm that
the assembly of components previously tested at the subassembly level does, in fact, func-
tion correctly as a complete subsystem, It also assures the success of subsequent elec~
tronic and mechanical marriage of the G&C section with the other misgile sections and with
jte tactical ground support equipment, To most efficiently meet these objectives, the
design of CP713 test equipment ic bamed on a philosophy which restricts the test interface
to those input-output parameters affecting marriage and/or identifying problems to a black-
box, or component level, using conventional troubleshooting practices. The G&C section
test set consists of a group of test consoles working in conjunction with a turn-tllt-table
test stand on wnich the sgccivn-under-iesi 16 aounted, The teést Consclés are used for the
following major functions: operating power supplies and miscellaneous monitors, guidance
and control test and evaluation, and turn-tilt table control. The opereting power supplies
and miscellaneous monitoring console group (three consoles) provides for both electrical
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power and hi-pressure nitrogen distribution, monitors continuously, and as required,
various electrical voltage (both ac and dc), contains driver amplifiers for the recorder
galvanometers and a control actuator simulator. The guidance and contro)] test and evalua-
tion console group (four consoles) provides for control and monitoring of the guidance
section test and contains a mixture of standard and special purpose test equipment designed
to provide a stimuli, control, sequencing, monitoring and recording capability to fully
exercise, test, and fault isolate to the component level. It provides for the performance
of both static and dynamic tests and functions principally under manual control of the
operator. To preclude damage to the equipment under test, to synchronize application of
stimuli, and to provide for correlation of critical output data, a limited number of
sequencing operations use a hard-wired programmer. The third, and final group of test
equipment is the turn~tilt table controller and consists of one console. Its function is
limited to control and monitor of the mechanized mount for the G&C section.

CP713 DETAILED HARDWARE DESCRIPTION
Operating Power Supplies, Monitoring Group
The operating power supply monitoring console group contains the following e°quipment:

1. Nitrogen Panel - Provides for automatically controlled, regulated and monitored hi-

pressure nitrogen supply for inertial platform air bearings and critical cooling
applications within the G&C section.

2. Noise Analyzer Panel - Provides for a continuous monitoring of the guidance and con-
trol computer output lines to detect out-of-tolerance noise conditiens.

3. Voltrip Panel - Provides for a continuous monitor and alarm system for the on-board
3-phase inverter power supply voltages. In addition, it provides for manual measure-
ment of phase-to-phase voltages.

4, Power Supply Panels - Provide current limited, remotely controlled direct cuarrent
sources to simulate the on-board battery supplies,

5. Jack Panel - Serves as a common distribution point for all 28 Vdc power for both test
and operation of the G&C section. It also provides for a pin jack monitor on every
junction in the missile umbilical to permit manual test measurements to be performed.

6. Phi Monitor Panel - Consists of three manual ranging VIVM's for continuous, separate
monitoring of the inertial platforms' pitch, yaw, and roll output signals.

7. Ac/dc Readout Panel -~ This unit is a standard NLS digital multimeter and is used to
manually measure continuity aund both ac and dc voltages. It can be patched into the
overall system to semiautomatically indicate selected test parameters.

8. Beta Simulator Panel - Provides a simulation of both the first and second stage con-
trol surface actuators and is used to perform closed loop tests of the guidance
system, Provision is also made for pickoff, conditioning and display of the computed
guidance commands to the individual control surfaces.

9. Galvo Drivers Panel - The four galvanometer driver amplifiers for the analog data re-
corder are housed in this panel, They are normally patched into the system to condi-
tion the control actuator command and platform command signals for analog recording.
Alternately, they can be patched to any signal selected for ubservaiion that is
accessible on the jack panel.

10. Ac-dc Converter Panel - This unit is a commercial ac-dc converter. It is used to con-
vert ac test siguals for measurement and display by the digital multimeter.
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The guidance and control test and evaluation group contains the following equipment:

Analog-Sequence Recorder Panel - This unit is a commercial four channel analog and 30
channel event recorder. It normally provides a permanent record of the individual
command signals to the three control surfuce actuators s well as the inputs to the
inertial platform servo loops during a stabilization test. The 30 channels of event
recording capability is used to provide coirelation of turn-tilt table angles and
control actuator command signals. Typically, the event chunnels are used to monitor
and record those functions involved in prelaunch preparation and simulated flight
that are time critical and sequential in nature.

G and C Control Centar Panel ~ Provides for integration of the control and monitor
capability of the G&C test and evaluation group. In this capacity is provides for sall
command switching circuitry, contains monitors for all G&C supervision indicators,

and provides for the get-up capability for manually troubleshooting the control com-
puter. Selected test functions using hard-wired sequential programs are initiated
from this panel and a continuous monitor of critical temperatures within the gection,
such as the G4C compartment temperature, ic provided.

Inertial Platform Auto-Sequencer Panel - Provides for the automatically sequenced
operation of the inertial platform during start-up, run, and shut-down operations
and monitors critical parameters, such as air-bearing temperature, to insure safe
and non-destructive operation,

Network Tester Panels - Three separate panels are provided to test the electrical
harnesses of the guldance computer, the control computer, and the inertixl platform.
Test capability is limited to detection of excessive, or destructive vol:zges on
harness wiring. Normal continuity testing is performed manually using the digital
multimeter.

Guidance and Control Computer Data Panel - Contains logic to interface a test program
with the guidance and control computers. Capability is provided to transmit digitsl
data words, monitor data transmissions, display digital data and indicate sequence
steps and control function status, Incidental monitoring capability to test the
missile inverter power supply frequency is also provided as a part of this panel.

Simulated Flight Time Generator Panel ~ Provides for a remotely controlled variable
time gate generation capability to clock the sequence of events required to perform
guidance computer integrator and simulated flight tests.

Accelerometer Monitor Panel - Provides visuel display of the three guidunce channels
of the inertial reference platform. Monitoring capability is continuous and inter-
pretation is assisted by green-band markings on the meters.

Sequence Contro} Panel ~ Provides the necessary control switches, indicators, and
electronic ciccuits to enable and set up the guidance computer for performance of a
simulated flight test.

EBW Termination 3imulator - Provides a means for safely monitoring the outpuf voltages
and operating times of the various exploding bridgewire firing circuits in the
guidance section.

Platform Monitor Panel - Provides for access to all functions available on the test
receptacles of the alignment amplifier (part of the test set) and the inertial refer-
ence platform servo amplifier to facilitate wanual test and troubleshooting with
standard test equipment.

Alignment Amplifier Panel - Contains an alignment amplifier identical to the tactical
prelaunch unit to earrh reference the platform erection and stabilization servo locns.
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12. Inverter Monitor Panels - Two separate panels are provided to sample the missile in-
varter power supply frequency. One provides a binary coded data word to the other
for comparison with a preselected set of tolerances and generates an alarm in the
event of an out-of-tolerance condition,

The turn-tilt table is controlled and monitored by a single console containing one
control panel, It provides for automatic or semi-automatic sequencing of a test program
to appropriately exercise the Guidance Section in a routine of pitch, yaw, and roll
movenments.

COST DATA
Tables I thru V show the cost of components and the amount of that cost as applied to

different production categories for Pershing equipment. The percent figures within the
chart indicate percentage of the total equipment cost.

COST DRIVERS
Table V lists cost drivers of test equipment for Pershing Ia. From the listing 1t 1s
apparent that military requirements are the principal drivers cost. Given the restraints
of military requirements, it becomes extremely important to carefully study requirementa
versus cost during the conceptual stage of system design.

Those items that are underlined on Table V can be worked to reduce coats.

TABLE 1

Pershing PTS, SCTS and CP713 Composite Coets

PTS SCTS CP713
(percent) (percent) (percent)
Simulators - - 33
Data processors 50 28 -
Software - - -
Displays 1 1 5
Printed circuits 23 38 21
Cables/harnesses 7 13 15
Power Supplies z 4 6
Enclosures 7 7 -
Racks 3 3 9
Lavircnmental ranreal 2 2 -
Documentation - - -
Comm test equipment - 1 7
Final aasembly and test 6 4 4
bsq.




= dmer -2 g g v g S0 s SUIE TG S P Y ) s )

- R T
_ = ST ¥ = -
Lo AR Vaadhe B T RSt

3 TABLE I1
13
]
3 Test Equipment Cost Elements
. PTS
E/ —
Percent
Cost Element Fabri- Produstion
E Subgystem Material | Parts | cation | Assembly | Inspection | Support Cost
' Hardware
X Stimuli, system 0.4 3.5 1.4 0.3 0.2 0.2 6.0
i Measurement system 0.4 4,1 1.6 0.4 0.3 0.2 7.0
, Power gyste- 2.0 2.0
; . Control system
b Environmental control 2,0 2,0
3 system
Data processors 50,0 50.0
3 X Switching networks 0.6 7.8 3.3 0.6 0.4 0.3 15.0
; ’ Special panels/ 0.1 1,2 0.4 0.2 0.1 2.0
- displays
Cables/harnesses 1.4 2.8 1.6 0.6 0.3 0.3 7.0
2 Enclosures/racks 0.5 5.7 2.5 0.6 0.2 0.5 10.0
‘ Software
3 Executive 1.0 1.0
A Unit under test
. Documentation
: 2.5 100.0
b TABLE III
E Test Equipment Cost Element
. SCTS
Percent
Cost Element Fabri- Production
Subsystem Material |Parts |cation [Assembly |Inspection |Support Cost
', : Hardware
3 Stimuli system 0.5 5.8 2.4 0.5 0.4 0.5 10.0
) Measurement system 0.7 7.1 2.8 0.6 0.5 0.3 12.0
E Power system 4.0 4.9
Control system
E Environmental control 2.0 2,0
3 system
Data processors 25,0 25.0
p: Switching networks 1.0 12.0 4.4 1.2 1.0 0.4 20.0
Special panels/ 0.1 1.2 0.4 0.2 0.1 2.0
displays
‘ Cables/harnesses 2.6 5.2 3.0 1.2 0.5 0.5 13.0
Enclosures/racks 0.1 7.0 1.8 0.3 0.3 0.5 10.0
Software
Executive 0.5 0.5
Unit under test 1.8 1.8
Documentation
4.0 100.0
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TABLE IV
Test Equipment Cost Elements
CP713
3 2ercent
E Cost Element Fabri- Production
Subsystem Material | Perts |cation | Assembly | Inspection |Suppor: Cost
A Hardware
Stimuli system 2.4 23,2 8.4 2.8 2.4 0.8 40.0
Mezsurement system 0.6 12.6 3.8 4 1.2 0.4 20.0
Power system 6.0 6.0
Control system
Environmental control
system
Data processors
Switching networks 0.4 5.4 2.2 0.6 0.3 0.1 9.0
Special panels/ V.S 2.9 1.0 0.3 0.3 5.0
displays
Cables/harnesses 2.6 5.3 3.0 1.1 0.5 0.5 13.0
Enclosures/racks 6.6 0.3 0.1 7.0
6.5 2,0 18.4 5.5 4.7 1.9 100.0
Software
Executive
Unit under test
Documentation
TABLE V
Cowt Drivers
Systen Enginesring/ Fab and FnchT‘e'u Support Life
Requiremeats [Docusentation|Procurenent | Eng Tests Proc Assexbly and lnsp (Prod Control) Lty le
HIL Form | Tolergnce Multiplicity{New un~ “Star' value|Multiplicity Quant ity of Fersonnel
Fav{roment |Documentation|Specs of unique familfar |components |nf unique test | itens to be
test sets processee sete wvanufactured |Veh! los
Lquip ~lase Non=3tandard frequency and
. Parts Solder Inadequate test complexity of
Nurlear /EMI connectors points "saintenance ¢
' |<ycles 1
|Reltabd) ey Shieldnd Realistic tol)- ]
o wire erance tree Hultiplecity |
tTaierances of unique )
k ’ tent wetls
[Speed i l
¢ | Non-standard |
!hllv nomy Software forputer Mu'tilaver Manual ’
batch boards test cquip
L compller I

System Requirements

Specification of unnecessarity tight tolerances whether they be mechanical or measure-
ment is costly. Tae cost in manhours to machine to $0.001 versus 0.005 is approximately 3
to i, A 0.1 pescent measurement will “amcrcace testing coer hy o factor of five over a 0.5

‘ percent meagurement,

Speed of testing may drive test equipment costs both in software and hardware. Real-
time tasting may drive software to a lower level language.
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Form 1 engineering documentation requires approximately 30 percent more effort than
use of good commercial practices. For test and training equipment, strong consideration
should be given to eliminating requirements for form 1 documentation, particularly where
small quantities are involved.

Non-standard parts are expensive to a system., Not only do they often cost more,
because quantities required do not reach price break levels, but they also impact life
cycie costs because they generate another line item in the in'rentory.

A large system such as Pershing has many separate and distinct taest sets because of
the many and various types of tests which must be performed. Universal test systems have
generally proven unsuccessful because ot the large costs involved, An alternate approach
to a solution of the problem would be universal "omart" modules.

New and unfamiliar processes should be avoided in the design of equipment where small
quantities are involved and learning curves therefore cannot be applied.

Solder connectors require apprcximately twice the time required for crimp connectors.

Shielded wire, besides being somewhat less reliable, requires about twice the time of
a single connector.

Star-value( components have a double cost impact. The selection, installation and
test takes about 30 minutes longer than a non star-valued item. Becauee of stocking re-
quirements the procurement costes are about 10 times higher.

Adequate test points are a must for economical factory testing. For every needed
test point not provided the time to test that function increases by a factor of ten.

A realistic tolerance tree should not use worst case. Tolerances should be statisti-
cally averaged to optimize factory yield versus time. This cruld possibly be the subject
of a study to generate proper methods of establishing tolerance trees. These trees should
atart at the lowest specification level (component) and be carried up to the user location.
All lower level specifications must be tailored to a probability that the next level
specification can be met.

For the most part, life cycle costs are determined by the number of personnel re-
quired to operate and support (0&S) the system. Manufacturing Technology proposals 1 and
2 are aimed at reduction of these costs. For the Pershing system the yearly 0&S costs are
approximately 0.8 times the cost of the original equipment (less the missile round). This
means that for 10 years the 0&S costs are eight times the original acquisiticn costs. It
is interesting to note that on Pershing, personnel and battalion support increased 5 per-
cent in 1973 over 1972 and 16 percent in 1974 over 1973.

Pershing and SPRINT I nffer a meaningful comparison of on-line “ersus batch compiling
of test programs. Prershing programs must be assembled or compiled on a large data-center
computer whereas the SPRINT 1 programs can be asgsembled or compiled on-line. Pershing
program changes or corrections require a minimum turn around of 24 hours with a typical
time of 3 days. This problem is further compounded for classified programs since house-
keeping requirements have forced the data center into a posture of accepting classified
work only twice a week. Although the most important factor is schedule delays, the machine
time charge by the data center is not insignificant. SPRINT 1 program assembly or compila-
tion is completed under the programmer's control. Small changes in the program can be ac-
complished in a few minutes. Program quality is improved because the progrummer can compare
alternate approaches for optimization. Based on Pershing/SPRINT experience a rule-of-thumb
is grepoasds TF rhe dara center bill for two years exceeds the cost of installing test pro-
gram online development capability, substantial dollar savings can be realized by poing cnlinec.

Manual test equipment in the factory significantly increases test costs. Reductions of
85 to 90 percent can be realized by using fully automated testing rather than manual testing.
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MANUFACTURING TECHNOLOGY PROJECTS

Title: Manufacturing Technology Project to Provide Specifications and Costs for Standard
"Smart" Test Equipment Modules.

System/panel area/component: Pershing/Test and Checkout/Test Equipment

Problem

Large systems genexally breed a large number of different special test sets with the
attendant O and M costs. Universal test sets because of their complexity have not proven
to be the panacea for this problem. The modular approach would aiiuw » test get of the
required complexity to be put together.

Proposed Solution

Perform a study of many systems to establish the parameters which must be measured,
their tolerances, timing requirements, etc. Then write specifications for modules which
use microprocessors for "brains.' Several much wodules could satisfy the majority of the
requirements for electronic testing.

Project Cost and Duration

Benefits

Reduction ir. engineering and factory test costs and reduction in O and M costs,

L5y,
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Title: Manufacturing Technology Project to Provide an Automated Means for the Removal of
Compound Coating ior Printed Circuit Board Fault Isolation

System/Panel Area/Component: Pershing/Test and Checkout/Printed Circuit Boards

Problem
Printed circuit boards are a large cost item. No good way exists to remove confermal
coating so that fault isolation of printed circuit boards can be automatically performed.
This increases both factory rework and O and M costs.
Proposed Solution

Perform a atudy of this problem with the following as suggested candidates:

1. Look into different coating means in an attempt to find one with acceptable qualities
wk‘ch could be chemically removed.

2. Look into chemicals which couid remove presently approved coatings without board or
component damage.

3. Study mechanical means such as sandblasters, lasers, or hot-spatula, numerically-
cor.trolled devices.

Implement the most likely solution.

Project Cost and Duration
Benefits

Reduction in factory rework and O and M costs.
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CHAPARRAL TEST EQUIPMENT

B. B. Pegg
Aeronutronic Ford Corporation
Aeronutronic Division

Newport Beach, California 92663
CHAPARRAL MISSILE SYSTEM DESCRIPTION

The Chaparral Guided Missile System, (Figure 1) one of the Army's very effective
and successful missile systems, is a highly mobile system currently fielded to provide
world wide protection to the forward area of the field Army against hostile aircraft
flying at low altitudes. Variations of the Chaparral system make it suitable for fixed
emplacement. Shipboard adaptations (Figure 2) have been demonstrated and have provided
the Navy with an anti-ship missile defense capability. The missile used by the Chaparral
System is a ground-to-air adaptation of the Sidewinder Aiz-To-Air heat seeking missile,

FIGURE 1 \

7 Preceding page hlank

O e Ny e g e i Bnew ¥ v ovac v o MuT




FIGURE 2

e A NPT e Aty
RIS i, S DALy TS TN T W LS et L IS A S T WSS NGRS




- o ot R

o —

‘,’s.fis_g_&? 2. % o e 448 by pooss ‘ e E s st SR OE OB et A e, Yy

& adnd il ey ki)
B i i i SO S el e i o e R R +

The basic configuration of the Chaparral Missfle System is the M48 Fire Unit, The
M48 Fire Unit is highly mobile and comprises the M54 Launching Station mounted on an
M730 Tracked Vehicle. This M730 tracked vehicle 1s an M548 Cargo carrier with minor
modifications., Figure 3 shows the major system components, The M54 Launching Station
has provisions for twelve MIM-72 missiles, four on the launch rails and eight stored
in integral stowage cowpartments, The missiles may be one of three versions:

(a) MIM-72A Chaparral Missile.
(b) MIM-72B Chaparral Training Missile,

(c) MIM-72C Improved Chaparral Missile,

WEAPGNS SYSTEM TEST EQUIPMENT (WSTE)

General

This presentation describes the fest equipment associated with the Chaparral
System, Since most of the equipment associated with this program was developed approxi-
mately ten years ago, no attempt will be made to show a detailed cost analysis, Instead
a general description of the various test equipments utilized will be presented. One
exception will be made, where relative costs on a current basis are available, this
exception being the launcher test set (AN/TSM-85). This test set has been produced in
a total quantity exceeding 100 units and is currently being procured in small quantities.

Test Equipment for Chaparral can be divided into two major categories, namely
Field Test Equipment commonly referred to as Weapons System Test Equipment (WSTE) and
Production Support Equipment comprised mostly of by Special Acceptance Inspection
Equipment (SAIE), Each of these major categories have two subcategories, namely the
missile test equipment and the launching station test equipment.

WSTE Description

Table I shows the breakdown of fielded test equipment used to support the M54
Launching Station,

Table II lists the Missile Field Test Equipment used to support the MIM-72A Missile
and MIM-72B adaptation. This missile is in the cyrrent inventory associated with
Chaparral,

The items classified as Weapons System Test Equipment, as previously mentio ied,
were developed approximately ten years ago. Several pleces, such as the M-71 launcher
aligument fixture and the AN/DSM-79 Missile Tester are adaptations of items previously
used on other military programs,

49
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TABLE I. WEAPONS SYSTEM TEST EQUIPMENT CHAPARRAL LAUNCHING STATION (M54)

Name Designation
Test Set, Guided AN/TSM-85

Missile System

Aligrment Set, Launcher M71

Shop Equipment, Guided AN/TSM-96
Missile System (Support
Maintenance Shop Set)

Test Set, Guided AN/TSM-101
Missile System

Description and Use

This is a portable tester used to perform
fault isolation tests in the field on the
M-54 Launching Station. It 1s housed in two
metal cases, One contains the Test Set
Assembly and the other the Cable Assembly
Group.

The test set assembly contains: a meter
clrcult for measuring voltages and resistances
on a 0 to 10 scale, external meter jacks,

test switches allowing connection of the

test set to various signals in the fire unit
snd routing test signals from the test set

to the fire unit,

This 1s a portable optical sighting fixture
in a metal case, Three pieces, joined,
allow check and adjustment of alignment
between gunner's sight and the launch rails.
The assembled alignment set incorporates two
hangers, similar to those on the missile,
for installation on the launch rafls, The
center section contains an elbow telescope.

This heli~hut shop set provides facilities
and test equipment for test and fault iso-
lation of fire unit components to a support
maintenance level of replacement, By use of
the AN/TSM-101 Test Set, faults are isolated
to a circuit board or other replaceable
assembly, It is also used to test the TSM-85
and the DSM-79 test sets, The shop set is
truck transportable, environmentally con-
trolled, and uses a trailerized 25 kW, 208 V,
400 Hz Power Supply,

This test set, the principal item in the
AN/TSM-96, {s a shock-mounted, three-bay
console with electronic equipment for fault
isolation and repalr of units under test,

It contains standard test equipment, two
control-indicator panels, power supplies,

two connector panels and a power distribution
panel, A cable group is used for ccnnection
of each unit under test to the test set,
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TABLE II., WEAPONS SYSTEM TEST EQUIPMENT CHAPARRAL MISSILE (MIM-72A AND MIM-72B)

Name Designation Description and Use
Shop Equipment, Guided AN/TSM~95 This heli-~hut shop set provides work and
Migsile System (Organi- storage space for equipment used in isoleting
zational Maintenance system faults to an organizational replace-
Shop Set) ment level, It also provides for assembly

and disassembly of missiles, as well as the
capability for test of missile guidance
sections., The shop set 1s truck transport~
able, environmentally controlled and uses

a 25 kW, 208 Vv, 400 Hz trailerized power
supply.

Test Set, Guided Missile AN/DSM-79 The AN/DSM-79 is used to test the guidance
section of the missile. It is a self-
contained unit in a two-plece aluminum case.
It consists of an electronic section, a
mechanical section, and a grcup of acces-
sories stored in the cover half, This
tester i{s used in conjunction with the
pneumatic subsystem in the AN/TSM-95 shop
set, and the available 400 Hz, 115 V power
supply. This test set is automatically
programmed, and performs ten dynamic tests
on the guidance section, with a GO~NO-GO
readout in 2-1/2 minutes,

Design/Cost Drivers for Launcher WSTE

The shop sets and the Launcher Test Set (AN/TSM-85) were designed concurrently with
the design of the Chaparral M54 Launching Station. While cost considerations were
definitely a factor, primary goals for desigring these equipments were (1) effectiveness
in trouble isolation, (2) portability, (3) ease of operation, (4) world wide usage, and
(5) ease of maintenance of the testers themselves. Large scale production was not
attained on any of the items. The AN/TSM-85 was produced in a total quantity in excess
of 120 units during several procurements. This unit is currently being produced in
small quantities and Figure 4 shows the current relationship of materials versus labor
for its major components, The percentages depicted are based on thege very small
quantities and would no doubt be different if a large scale production run was made,

In any event, the quantities involved are such that cost reductions in this area have
minimal total program cost impact and, therefore, 1s not a fertile ground for cost
reduction programs,

Cost Reduction Already Accomplished on Missile WSTE

So far in this discussion, the descriptive material presented for support of the
missile in the field (Table II) has been based on the MIM-72A and MIM-72R versions of
the Chaparral Missile, The Improved Chaparral Missile, MIM-72C utilizes a redesigned
guidance section, AN/DaW-1, During the recent improvement program which resulted in
a significant improvement in migsile performance and reliability, attention also was
directed to minimize the field support required., This was achieved. The test equipment
required to support the MIM-72C guidance section will be an IR flashlight. This will
permit the guidance section to be handled as a '"round". If it meets the IR flashlight
test, it is suitable for flight, This approach will permit the phasing out of the
AN/DSM-79 Missile Test Set and eliminate the requirement for &: alr compressor system
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FIGURE 4, AN/TSM-85 CHAPARRAL GUIDED MISSILE LAUNCHER TEST SST COST ALLOCATION
v BY MAJOR ITEM

TEST SET
i CABLE SET (30% OF TOTAL) TEST CONTROL UNIT (70% OF TOTAL)
LABOR MATERIAL LABOR MATERIAL

i CASE* 2% 98% CASEX 2% 98%
CABLES* 4% 96% CONTROL PANEL 35% 65%
CARDS 33% 67%
; HARNESS 96% 4%
MISCELLANEOUS 60% 407

*PURCHASED ITEMS

within the AN/TSM-95 Organizational Maintenance Shop Set. This shop set will probably
be retained as a missile assembly shelter,

Summary

We believe the Chaparral launcher WSTE has been a cost effective design and, there-
fore, 1s not a useful area for cost reduction efforts, This was accomplished largely
by simplicity of design approach and cuncurrent design of test provisions into the pro-
duction, rather than the all-too-comuon approach of designine the test equipment after
the product is designed. In the drsign of the Improved Chaparral Missile che user
overall cost problem (hardware and personnel) was recognized and worked by designing
the product to substantially eliminate the need for missile WSTE,

FACTORY SUPPORT EQUIPMENT

General

So far we have considered the test equipment fielded as part of the Chaparral
System. The test equipment used in the production of a system can have a marked
influence in the cost of a product, As with the fielded test equipment, let us separate
the M54 Launching Station production equipment from the missile equipment.

M54 Launching Station Production Test Equipment

Factory test equipment used to support the production of Chaparral launching
stations is primarily in the Specfal Acceptance Inspection Equipment (SAIE) category.
This equipment was designed, documented and controlled to provide points of acceptance
by the customer, in this case, the Missile Command of the Army. Key characteriscics
that related to points of acceprunce included:

(a) Specified Performance Parameters,
(b) CQuality Requirements,

(c) Spares Requirements.
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In addition, other factors influenced the design of this test equipment such as
quantities ultimately to be produced, production rates, and last but by no means unimpor-
tant - how much will it cost, are major factors.

Design of the SAIE for Chaparral occurred concurrently with the product development.
This permitted testing considerations to be incorporated into productiorn configuration.
This fact probably contributed greatly to the relative simplicity of the Chaparral Test
Equipment, Launching Station production rates were approximately 20 per month during
parts of the initial production period of 1967 to 1971. The total quantity of M54
launching stations produced was in excess of 400 units, By careful standardization and
maximizing usage of available commercial equipment such as oscilloscopes, digital volt-
meters, power supplies, stimuli generators, counters, etc., equipment costs were kept to
a minimum, This also resulted in long term low costs for calibrations and maintenance.

Table III shows the SAIE utilized during the M54 launching station production,
Also indicated are the SAIE that was duplicated for use at the Chaparral Depot located
at Red River Army Depot. Since the depot was tasked to maintain, repair and return to
the field, equipment that is equivalent to a newly produced item, the decision to dupli-
cate tre factory SAIE permitted 'like factory" testing and also resulted in a lower cost
because no design effort was expended to satisfy depot needs, To supplement the SAIE in
fault isclation and troubleshooting, additional test fixtures were also supplied. These
supplemental test fixtures, referred to as Fault Isolation Test Fixtures, FITF, have since
formed the nucleus for small quantity user depots,

Several representative pieces of Chaparral SAIE are illustrated in Figures 5 through
8.

Even though designec and fabricated almost ten years ago, this SAIE was used until
1971, In 1973, this equipment was returned to active use to support additional building
of Chaparral launching stations, with a very minimal amount of refurbishment.

Again, rno specific cost drivers have been identified as being pertinent to cost
reduction efforts since design for long term usage has resulted in a very cost effective
set of SAIE,

Missile Guidance Section Production Test Equipment

Background, The Chaparral MIM-72A and MIM-72B missiles have been produced in signif-
icant quantities. The Chaparral nissile production when added to the overall Sidewinder
missiie production, results in a very large total quantity, Since all of the Chaparral
MIM-72A and MIM-72B missiles were produced by manufacturers other than Aeronutronic
Division of Aeronutronic Ford Corporation, no attempt will be made to describe the
variety of SAIE that has been used or still exists., The Aeronutronic Division is cur-
rently proposing to MICOM the initial production of the improved Chaparral Missile
MIM-72C. This production program for the MIM-72C missile wirll utilize approximately
twenty pieces of SAIE to support this procurement, As a cost savings approach, it is
planned to use many pieces of equipment from other missile buys, this equipment having
been supplied to Aeronutronic as government furnished property. In addition, a number
of stations will be designed and fabricated to test the improved performance requirements
of the AN/DAW-1 guidance section., These manually operated or semiautomatic type of
testers in most cases will cost effectively mcet typical production rates,
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Cosi Improvement Area. No attempt will be made to identify a project assoclated
with test equipment that would lead an effect{ve lowering of missile systems costs, The
technology required to create test equipment that would result in long term cost reduc-
tions alceady exists. Computer control, micro processors, and similar technology are
available today and would permit building test equipment that would greatly reduce oper-
ator test times., This reduction in operator test time is a significant step in reducing
overall missile systems costs, The problem is =-- how can these improved vechnologies be
utilized effectively? This may not require a project however it could appear to take on
the status of a major program. Test equipiient, especially that used in support of a
production program, ie usually procured as part of an initial production effort. This
initial production procurement, because of funding policies, usually must stand alone.
Its costs must be justified and be within tne funds available for the current fiscal
year, As addl:lonal procurements are planned for future needs, each procurement must
stand alone. This is necessitated because of funding policies, and the desire to keep
each procurement open for competitive bidding., This is where test cquipment and the
testing operation costs start to show up in this cost cycle. Since most single buys are
for a limited quantity and a missile producer can only gear up for this single limited
quantity, he uses less than optimum efficiency in the designing of test equipment and as
a result has higher-per-unit cost associated with each missile produced. This results
in higher costs on the initial buy., Because of competitive follow-on procurements, not
only does the initial manufacturer again quote using the nonoptimized techniques, but
his competitors must algo follow suit, As a result long term missile systems costs stay
high and never have the opportunity to take advantage of large volume, long term
planning. The solution is to somehow separate the test equipment costing during initial
procurements and have it priced out based on a realistic long term production program,
even Lf the long term procurement must occur over several fiscal pericds., This would
also permit the initial procurement to have the advantages of this optimized test equip-
ment, Since this test equipment would be government owned equipnent, competitive
follow-on procurements could be based on the successful bidder using this government
owned equipment,

The challenge to the government is to overcome all of the obstacles in currently
planning methods and take advantage of long term planning and its ultimate reduction in
systems costs, &chedules permitting,

CONCLUSIONS AND RECOMMENDATIONS

Chaparral test equipment experinrnce demonstrates the importance of establishing the
testing approach as the product is being designed, and influencing the product design
accordingly, so that the product is "testable" with a minimum burden on the test equip-
ment derign, If this principle is adhered to, along with a "keep-it-simple" philo:ophy,
the cost of test equipment to support items produced in relatively low quantity should
not be a significant program cost variable., Further, this approach tends to make the
test equipment good the first time and gsuitable for long term use end reduces the need
or desire t: make "improved" new versions. A companion consideration, being implemented
with the Improved Chaparral Missile, is to design the product so that field test is not
required, or at least 1s minimized.

In the area of missile production test equipment it is recomw:nded that this test
equipment be planned and built during the Iinitial production phase taking into account
optimum future production rates, and most importantly, base the test equipment upon the
total expected productior in the years to came, even though approval 1 - that future
production has not been obtained,
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FACTORY TEST EQUIPMENT MICRO-PROCESSOR AND AUTOMATIC FAULT ISOLATION APPLICATIONS

J. L. Farnsworth
Hughes Aircraft Company

Tucson, Arizona 85734

INTRODUCTION

The Tucson Manufacturing Division of the Hughes Aircraft Compeny is currently involved
in the manufacture of Missile Weapon Systems for the Army, Navy, and Air Force Departments.
In addition to the ungcing high rate production of the Army TCW Missile, tnis Division is
now implementing for production of the U.S,-ROLAND Missile and participating in the devel-
opment of the HELLFIRE Missile which, if the Hughes Aircraft Company 1s the successful con-

tractor, will also be produced at che Tucson, Arizona, facility under contract with tae
U. S. Army Materiel Command.

For the past 23 years The Tucson Manufacturing Division has been active in the high
rate production of missile systems of medium to high complexity. In support of these
missile programs, this Divisio. has developed and implemented a variety of automatic and
manually operated test and inspection equipment. The three major ongoing missile produc-
tion programs are currently utilizing 277 test stations; of which 26 are operated under
computer control and arother 51 are of the punched csard, tape or hardwired controller
variety. Automated equipment represents 28% of the test equipment complement at the Tucson
production facility and the benefits derived from this automation have proven to be extreme-

ly cost effective. This informatior. is presented in Figure 1, Tucson Manufacturing Division
Test Station Complement.

TUCSON MANUFACTURING DIVISION TEST STATION COMPLEMENT

NUMBER OF

TEST STATION CATEGORY TEST STATIONS %
Automatic - Co.aputer Controlled 26 10

Automatic ~ Paper Tape/Punched Card/
Hard Wired 51 18
Manual 200 72
10TAL 277 100

FIGURE 1
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To further illustrate the types of test »tations in use at Tucson and those being dis-
cussed in this paper, Figures 2, 3 and 4 are photographs of typical test installationms.
Figure 2 is a manually operated test station used for troubleshooting. This test station
was placed in service in May of 1963, Figure 3 is a hardwired automatic test station used
for product Zunctional test and was placed in service in August of 1969. Figure 4 is a
mini~computer based aut-matic test station used for product functional test and was placed
in service in August of 1972,

GENERAL

It has been our experieuce over the past years that test technology has progressed
along two lines. The accuracy tc which measurements can be made and the speed with which
they can be made has continuously increased. While the accuracy of a test installation is
usually defined by the requirements of Lne product to be tested, the speed at which this
installation will operate is determined by the following manufacturing considerations.

1. Feasibility of automating the test function

2. Cost of impiementing a manual system versus an automatic test avstem compatible with
productior. rate

3. Recurring labor cost associated with using both types of test stations
4, Ease of modification to accommodate changes in the product
5. Floor space requirements
6. Implementation lead times

Based upon these considerations, a decision can be made to automate or not to automate
a given test operation,

COST TREND DATA

An analysis has been made of the test effort on the TOW Missile program to identify
typical areas in the manufacturing process where meaningful cost reduction techniques have
been and can be effected. In performing this analysis, particular emphasis was given to
those endeavors which in the past resulted in:
1. Reduction of recurring implementation costs
2. Reduction of non-recurring implementation costs
3. Reduction of recurring manufacturing costs
4., Reduction of manufacturing lead times
5. Improved system performance

6, A responsive, flexible production base

We analyzed only factory test equipment implementation to develcp a representative
break-out of test equipment implementation cost elements by test station subsystems. This
informacion iz presented to Tigure 5, Test Pguipment Toplementatian Coat Flemanra  Factorv
Test Equipment. The largest single cost element we found in the implementation of new test
systems is data processors (controllers, mini-computers, etc.) and the labor effort in-
wolved witn their use. Since these major implementation cost elements are a bv-product of

the heavy use made at the Tucson Manufacturing Division of automated test gystems to
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achieve significant reductions in manufacturing test and inspection costs, further investi-
gation was accomplished to quantify the relationships between type of test equipment em-
ployed (manual or automatic) and their costs and benefits. As is shown in Figure 6, Manual
Versus Automatic Test Capabilities, the use of automated test systems results in not only
significant reductions of test time but also in floor space requirements at all levels of
assembly since the number of installations required is an order of magnitude smaller.

The relative costs of implementing a typical test station for a given item is depicted
in Figure 7, Relative Test Equipment Implementation Costs.

RELATIVE TEST EQUIPMENT
IMPLEMENTATION COSTS

L R N I I A} sss s e s

MANUAL 7 AUTOMATIC
HARDWI{RE MINI-COMPUTER /‘PROCESSOR
4 +—
3 4
2 |
1 4

(Figure 7)

An automatic station will cost two to three times more to implement than a manual
station to perform the same test function. However, due to the relatively slow speed of
operation of the manual test station a large number may be required to meet production rate
requirements. This typical test station count to meet rate requirements is presented in
Figure 8, Rate Implementation Requirements by Test Station Type. For the application
depicted, it would require thirteen manual test stations to meet production rate while only
two automatic test stations would be required.
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RATE IMPLEMENTATION REQUIREMENTS

BY TEST STATION TYPE

-------- D R N I I e N R N R AR N

MANUAL AUTOMATIC

131 IHARDWlRE COMPUTER /APROCESSOR '
124
114
101
9.1
NUMBER OF 81
TEST STATIONS 7.1
REQUIRED 0.1
5.4
4l
3—b
rs
1.1

{Figure 8

In the final analysis, the primary determining factor as to the most cost effertive
type of test station is the cumulative cost, both recurring and non-recurring, to be in-
curred over the length of the production run. For this typical test station, Figure 9,
Recurring and Non-recurring Cust Comparison, shows the reduction in this cumulative cnst
which resulted from automation. It is interesting to noute that all three bars under the
manual equipment heading must be added together to establish proper cost comparison with
the automatic equipment bars.
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PROPOSALS

4 In any manufactured product, and cercainly, cophisticated missile systems are no ex-
ception, recurring labor has to be one of the larger and more universal cost elements,
Manufacturing organizations are constantly working to reduce or eliminate labor in their
finished product and the most powerful weapon is automation. However, the successful
application of automation is currently limited by twr obstacles:

1., The high cost of implementing automatic test stations

2., The lack of viable techniques to handle certain classes of test functions which
consume high levels of recurring labor

g Toward these problems, we propose two manufacturing technology projects.

Micro-~processor Based Test System Controller

The first, dealing with micro-processor applications is the development of a low cost
test oriented controller which will sign'ficantly reduce the cost of neu automatic test
systems. As was evidenced in the Cost T:end Data the major expenses are assoclated data
processors (test system controllers) u.d the software they use.

For a number of years we have employed specialized computer controlled and hardwired
test equipment to minimize recurring production labor costs. In 1968 the TOW program was
3 izplenented with Automstic Tast Enuipment yaing harduired controllers. This effort, while
E successful in achieving its purpose of mechanizing test operations, made evideat that the
; use of custom desigred controllers and sequencers entailed:
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High non-recurring design and assembly costs
2., Long test equipment implementation lead times
3. Expensive modification when product requirements changed

Later implementations have taken advantage of the mini-computer technology which
emerged in the early 1970's, It has been our experience that:

1. Mini-computers have proven to be a cost effective replacement for hardwired controllers
in large and complex test systems.

2. Where the cost of these computers and thelr associated peripherals could be justified
a decrease in non-recurring design labor and implementation lead times was achieved.

3. Use of mini-computers often means incurring additional costs above those required by
the specific application because:

a. Mini-computers, general purpose wide market instruments, contain more capability
than necessary in test station controller applications.

b. A significant effort is involved in integrating the computer system hardware and
software into the test station.

4, Mini-computers and their peripherals, while small and rugged compared to large data
processing systems, still require a significant amount of manufacturing flour space
and must operate in a relatively controlled environment.

Due to our experience with hardwired and mini-computer automated test stations, we
feel that the development of a low cost, test oriented controller based upon the new micro-
processor technology should be undertaken.

To develop this low cost controller the manufacturing technology project would involve:

1. Defining the classes of functions now perfcrmed in existing automatic test system
controllers

2, Determining the input/output and interrupt requirements
3. Formulating a modularized micro-processor based test system controller architecture

4. Developing a test oriented operating system environment with emphasis on "easy" inter-

facing to commercial equipment and custom electronics

5. Prototyping and festing of the low cost controller tou develop performance/cost data
for use in application trade-off analyais of new automatic test systems

Development of the low cost controller would produce the following berefits:

1, Existing automatic test applications can be implemented mere economically.

, The efi.ciencies of automation (reduced recurring labor and quantity of manual test
positions required) can be expanded to manufacturing operations where current imple-

mentation costs now make the application cost prohibitive.

3. Reduction in the number of cabler. harnargee ater | rince the chntrnllar can ha hatle
into, not connected to, the test 3ystem/product interface.

4, Decrease the non-recurring labor :equired for software development since the ontroller
and 1vs operating envirvonment will be desfgned for test svater appt! attons,
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5. Manufacturing floor space requirements for test systems will be reduced since the
micro-processor based controller will be substantially smaller than curvent mini-
computer systems,

The proposed modularized controller would be packaged on plug-in printed circuit cards
(Figure 10). Due to the modular architecture employec, the number of circuit cards used in
rhe controller (for additional memory, input/output and interrupt capability) will vary to
match each specific requirement. In a typical application this proposed controller would be
integrated into a product/test station interface; in this example, a circuit card test sta-
tion interface adapter, Figure 11, We are currently using this interface adapter technique,
with a mini-computer system performing those tasks which would be performed by the micro-
processor based controller, and have found it to be a most effective approach for high rate,
dynamis functional testing of electronic circuits. If the computation and control capabili-
ty were placed within the product interface adapter (by using the modularized controller) it
would be possible to simultaneously test a variety of electronic assemblies on a single test
station. An example of such a test station is shown in Figure 12, While this approach can
yield significant reductions in recurring labor cost, we have made no attempt to quantify
these savings since they will be influenced by any operator interventions required (for ad-
justment, etc.) during the testing sequence.

Automated Fault Isolation

The second manufacturing technology project we propose is the development of an eco~
nomically viable approach toward automatic fault isolation of analog electronic assemblies.
This also encompasses the dynamic parcmetric testing (rise times, pulse widths, droop. etc.)
of digital assemblies. If we take a look at where the costs lie in the operation of au
automatic analog test station used in a manufacturing environment to test and troubleshoot
products (reference Figure 13, Relative Cost of Automated Testing) it is readily apparent
that the major contribution to recurring preduction cost is associated with fault isolation
and diagnosis.

The use of an automated test environment as it stands today has shown that functional
test failures which ara detected in minutes or seconds require hours to diagnose, isolate
and repair. This situation ties up large quantities of production assets In the expensive
fallure/repair loop because faults which are detected automatically are isolated manually.

In the future, as missile systems become increasingly more complex and component den-
sity escalates, the amount of production effort spent on fault isolation of defective
product will become an even larger component of the recurring test costs unless effective
new techniques are developed to at “omate troubleshooting.

Having analyzed the various approaches toward a cost effective method of automatic
fault isolation of analog electronic assemblies, we feel that the most appropriate place
to perform automatic fault isolation is on the same equipment which functionally tests the
product and which detected the fault because:

1. The product is already on the test system

2. The functional pass/fail test results are at the test system

3. The stimuli and measurement hardware/software required to exercise the product are
contained in the test system

4. Fault confirmation problems will be eliminated

7o perform fault isolation on a zepsrate station would mean extra handling of the
product, transfer of test data and costly duplication of test hardware and software.
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? This test ststion would be mini-computer or micyu-processor controlled and would suc-
cessfully isolare the fault area by using the function.l test resalts plus measurements

made on circuit nodes within the assembly. Since the ease and accuracy of troubleehooting
depends on the test access available this project will encompas- product probing v<chniques
including the development of an automatic X-Y probe for circnit board fault isolation appii-
cations. Figure 14 depicts an automatic probe configuration .:.ich could be used in this
fault {solation application. This device will not only speed up the probing operation out
vill also eliminate operator induced problems associated with probing an incorrect circuit
node or remaining in contact with the circuit while Lhe mensurement is being made.

wccurate autoumated fault {solation will also require a comprehensive software package
to determine the nature of the fault and which when aided by mechanized probing can rapidly
locate the general area of the fault. At this poinw:, possibly via circuit node comparison
with reference standards, the probing system can b: directed by the diagnostic routines to
home onto the failed circuit element. This automatically operated system would eliminate
operator mistakes which result in replacement of circuit elementa determined defective due
to erroneous fault isolation techniques. In addition to positioning the test probes, the
automated fault isolation system would assure correct setting of test and measurement
equipment controls. The main thrust of this investigation would be directed toward trouble-
shooting analog circuits. Development of faslt isolation techniques for digital circuitry
gseems to be well under way by several promirert companies in the electronic equipment
industry.

The specific taaks to be undertaken fa the proposed manufacturing technology project
are:

1, The investigation and cost trade-off analysis of the impact on product design and
manufacturing costs associated with various test point access arrangements

2, The design and prototyping of different probing techniques and fixtures to eliminate
the signal acquisition problems connected with the human operator

3. The development of a cost effective approach toward automating the decision processes
in fault isolation signal analysis

4, The implementation of a prototype instrumentation and test system

5. The testing and evaluation of the resultant fault location and diagnostic methods to
determine cost-benefit data

Development of this analog circuit fault isolation technology will produce the fol-
lowing benefits:

1. Reduce the recurring labor costs attributable to product troubleshooting of analog
circuits by 40Z to 70X

2. Direct reduction of high value production assets in %ne troublechoot-rework-retest
cycle

3. Reduction in the number of test stations required to support production since the
same test system is used for functional test as well as troubleshoot duty

4, Fewer test/vroubleshcot personnel will be required

5. Floor space requirements will be reduced due to fewer test stations

o, Rework and ietest cost# will be lowered becaise ~f more accurate determination of
failed/faulty omponents
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SUMMARY

During this presentation we have analyzed as it relates to the manufacturing function,
the criteric which determine what types of test equipment should be employed and the cost
elements and cost drivers assoclated with both the implementation of test equipment and
its subsequent use., In addition, the historical cost trend for test equipment implementa-
tion has been depicted as test technology progressed from manual to hard wire controller
to mini-computer test systems.

Based upon this inforration, we have proposed two manufacturing technology projects:
the developnent of a modularized micro-processor based test system controller and the
development of a viable automatic fault isolatior technique for analog electronic assem-
blieg. These two projects, if undertaken, will allow the realization of significant reduc~
tions in both the recurring and non-recurring cocts associated with manufac:iuring high
quality, reliable missile systems.
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PRODUCTION TEST BQUIPMENT TRANSITION

REDEYE TO STINGER

K. M. Wirgler
General Dynamics

Pomona, California 91766

ABSTRACT

The objective of this presentation will be to describe the transition from REDEYE to
STINGER production, Emphasis will be on the improvement of the automatic production test
equipment and the banefits derived,

INTRODUCTION

The REDEYE automatic production test equipment was controlled by a magnetic tape
system, VWhen developad in the mid 1960's, it was a very advanced type of automatic
equipment, STINGER production test equipment wil. also be automatic, using the latest
in computer control techniques, Improvements in test spe:d, overall functional capability,
and cost will be dalineated.

REDEYE SYSTEM DESCRIPTION
Introduction

REDRYE i{s a man~transportable, shoulder-fired, all Arms Al Defense System designed
to provide combat unita with the capability of destroying low-zltitude hostile airecraft,
The Weapon System {s shown in Figure 1.

REDEYE Weapon

The REDEYE weapon consist of two principal zections: an Infrared Heat-Seeking
Guided Micsile ancd a Launchar.

Launcher, The Launcher consists of thvee main sactions - Launch Tube, Sight Assembly,

and Cripstock. It provides the gunner with a means +f transperting, aiming, and firing
the missile.

REDEYE Missile, The REDEYE Missi{le (Figure 2) is a rocket propsllad, Infrare:
Homing (Heat-Seeking) Missile. It consists of five major sections: A Guidance Sectfon

consisting of a Seeker Section and a Control Section, Fuze and Warhead, Rocket Motor,
and Tail Assembly,

The Seeker Section contains the Seeker Head and Electronic Assembly. The Seeker
Section optically tracks the infrared energy from the taxget and supplies steering signals
to the Control Section and the acquisitfon signal to the Launcher.

&r  Preceding page blank
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The Conirol Section {s coriposed of an Electronic Unit and a Motor Driven Wing
Assembly. Two pairs of fins, !olded when the missile is in the launch tube, unfold and
lock in place whan the missile {s fired. One pair locks in placs whilc the othar pair,
moved by a set of gears u-d an elactric motor, steers the missfle in flight. The Electronic
Unit provides the power an. error signals for the steering motor. These arror signals are
convarted tc steering comman'e which steer cthe missile te the target.

TRV R T

Targe: destruction is provided by the Fuzs and Warhead Section. All slements nscessaxy
for activarion of the eustainer motor and arming of the warhead are contained in the fuze.

e

Propulsion for the missile is developed by a non- separating dval stage rocket motor
section,

ol o3

A Launcher Battery/Coolant Unit fs used to energize tha Launcher and missile el&ctrical
c¢ircuits and to cool the infrared cetector in the missile sesker during the prelaunch
sequence,

The REDEYE Guided Missile Test Set is used to determine the oparational readiness
of the PEDEYE weapon end consists of a test unit with a freon gas bottls., The test set
uses an outside power source. The following operatiunal characteristics can pe checked
by the test set:

1. Missile response to an infrared signal,
2. Speed characteristics of the gyro in the missile.
3. Response of launcher acquis{tfon indfcator to infrured signals.

4, Alignment of launcher tube with sight.

REDEYE TEST EQUIPMENT

REDEYE tast squipment, designed and developed in the mid 1960's, was a mixture of
both automatic and manual euipment., The majority of the subassambly test equipment
was manual while the assembly/section equipment was automatic. This report will focus
on only the design approach, performance, and cost of the autumatic stations which
represented 65 percent of the total test equipment cost.

Major Test Requirements
Automatic test stations were required for REDEYE production to provide the most cost-
effective compliment of equipment., Due to the high production rates, 1000 missiles sets
per month, rapid and accurate testing of the hardware was necessary. This could only be
accomplished with automatic tast equipment.

Redeye Automatic Test Statlions

Four REDEYE production asutomatic test stations were designed and fabricated. The
automatic statiras were:

1. P020Z, Launcher Test Set
2. P0233, Board Assembly Test Set

3. P0203, Electronics Assembly/Section Test Set

4. PQ207, Control Assembly Test Set
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These automatic stations were magnetic tape controlled test stations and were very
advanced equipment at that time. The stations consisted of a general purpose Master
Automatic Progrsmmer {MAP) unit common to all stations, a special purpose electronics
rack and other special ;irposa equipment (Rate Tablas, Roll Drivers, Cooling Units,
etc,) to meet the uniqus requirements of each station. A general purpose block dfeyraz
is shown in Figure 3.

MAP Unit

The MAP, Figure &4, provides automatic control, measuremant, comparison and data
recosding for all REDEYE production test sats classiff{ed as automatic,

In ordsr to provide equipment with the maximum degrue of standardigation at a
xaasonable coet the MAP was limited to elements with a high use factor, With the board
variety of signal switching and control requirements, the responsibility for test point
salection and usage assignments for the control signals %o be measured were limited to
AC and DC voltaga (0 to 100 volts), frequency (0 to 2 MHz), and time {ntexval (10
microseconds to 99 saconds).

The use > aight bit 16 wm magnetic tape was selected as the fnput-ovutput medium.
The simgle tape drive mechunism offered more reliable operation of the read-write portion
of the system than the combination of paper tape punch and reader. Increased information
density resulted in program tapes of approximately one eight the length of an equivalent
perforated tape, Th%Zz, in turn, allowed the use of simple continuous load cartridges
rather than dual spool drives or complex cartridges for program handling. The same
mits could be used for both reading and writing. The magnetic tape usage also eliminated
such problexs as chad disposal and frequent lubrication of the short 1ife punch and die
sets,

Measurement. The Measurement Sectior of the MAP consists of threc major chzssis:
(1) AC to DC Converter, (2) Voltage to Frequency Converter, and (3) Counter-Comparator
Chassis., The block diagram of the Measurement Section fz {llustrated in Figure 5. The
revarsibla counter was an in-house design capable of measuring frequency, time interval
and frequency ratio. The counter also performed simple calcualtions,

Program Tap.. The program tape is of the length required to accomplish the tests
allocated to the control of s single MAP gystem, It is possible to have several end
{tem routines as wull as the standard sel{-test and verification routines stored on a
single tape and with the tape search feature automatically Located the desired starting

point.

Output Tupe. The output tape 1is allowed to accumulate the racorded data for an
eight hour shift, then is replaced. This tape is used to input data into a computer for
prameter trend analysis and preparation of printed copies of the days' rasults for

record purposes.

Test Stations

Zach of the four automatic tesc stations interface a MAP unit. In additfon, each
test station provided s electronics rack cout.ining its unique signal selection matrix,
signal conditioning chagsis, logic control chassis, unique stimulus and/or measursment
instrumants, and special interface circuitry. Each station also provides the required
Unit Uzder Test (UUT) fixturas, Rate Tables, Target Simulrtors, Environmantal Chambers,
Cooling Gas, etc.

As an exampis, the Elecironics 3zction Tesl Sei, TL 0203 i3 presantad, The rast
set performs complate evaluation of a Seeker or Guidanca Section.
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MASTER AUTOMATIC PROGRAMMER (MAP)

Figure 4
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The test set consists of the MAP, Electronics Section Tast Assembly, Rate Table, and
Vibration Stand, A floor plan of the test i{s shown in Figure 6. A TE 0203 station {s
shown in Figure 7.,

The test set is required to perform the complete evaluation of a REDEYE Seeker or
Guidance Section in approximately 17 pinutes, and to indicate at that time whether the
{tem is acceptable or not. This includes the time required to load and unload the test
set (approximately 30 saconds). The tast set is completely automatic wi~h the exception
of the load/unload operetion. The Seeker or Guidance Section is inz:alled in a fixture
which 1s loaded into the roll barral on the Rate Table., The Rate rable end all of the
equipment on it are controlled by the Master Automatic Programmer, All the intermediate
function control hardware is mounted in a three-bay cabinet assembly.

Pigure 8 is a block diagram of the test set. It is a collection of basically
{independent subsystems. The interlock circuitry is the only common link Letwsen the
subsystems. The digital information bus liner feed all dec~ding circuits in parallel,

STINGER SY.IZM DESCRIPTION

The STINGER Weapor System is under development for the U.S, ARMY and MARINE CORPS.
It 18 intended as an eventual replacement of the REDEYE now deployed,

Like REDEYE, STINGER will be a light shoulder-fired weapon, whote uission is to
provide low alt{itude air defense for forward area combat troops. To meet the air threat
of the late 1970's and 1980's STINGER will have much higher capabil’‘ties than REDEYE.
Although the guidance and propulsion of STINGER are considerably more advanced than those
of REDEYE, the general principles of operation remain the same.

STINGER will be a certified round, requiring no field support equipment.

The STINGER waapnn is shown in Figure 9, The notable differenco compared to REDEYE
is the absence of a Cuided Mismile Test Set. Based on the high availability experience
of REDEYE, it is planned to treat STINGER as certified round, No testing {s contemplated
once the weapon leaves the manufacturers plant,

STINGER TFST EQUIPMENT

STINGER production tast ejuipment {s also & mixtrs of both automatic and manual
squipment. The majority of the assembly/section squipment is automatic and represents
approximately 60 percent of the total test equipment cost,

Stinger Automatic Stations

Four types of STINGER productfon autnmatic test stations will be desir—ed and
fabricated, The automatic stations are:

1. P0202, Launcher Test Set

2. PS203, Electronics \ssembly/Section Test Set
3. PS008, Board Assembly Test Set

4, PS8247, Control Assembly Test Set

General Uascription
Tha STINGER automatic nroduction test equipment is based on a test system design that

has avolved over the past five years. They reflect the latest design of standardired
computer, peripherals, instrumentation and stimulus generation subsystems.
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A typical computer controlled test station consists of a "CORE' unit which contains
the computer, peripherzls, the general purposs instruments, stimulf, and switching
required t> perfoxm the necessary functional tests,

All computer peripherals, test fnstrumentation, and station equipment are controlled
through the Computer Subsystam, Tt4a Computer Subsystem comprises the computer, disc
memory, Cathode Ray Tube (CRT), isleprinter, and line printer., The computer is a general
purposa computer which uses up to 32K Core Memory to provide storage for the BASIC
interpreter, TE instrument drivers aund the test program being exscuted. This disc memory
provides storage for cest programs to be executed and for atorage of subsystem routines,
snd test data, The CRT {s the primary meaus of communicating with the computer, Thie
terminal permits high speed readout and wditing. The lineg printer provides hard copy
printout at a rate of 100 characters per second,

The Instrumsntation Subsystem includes items such as the system Digital Multimeter
and Timer-Counter which are accessible through the Switching System, The Stimulus Sub-
system includes AC and DC stlmuli which are programmabla to the UUT, The DC stimulus
consists of accurate digital voltage sources, The AC stimulus can be either digitally
generated by a Digital-to-Analog Converter or by a Programmabla Function Generator or
Synthesizer,

Special test fixtures, adapters, and physical and/or electrisal stimulus units are
interfaced with and controlled by the computer subsystems as requ.-ed. A block diagram
of a typical standardized automatic test station is shown in Figure 10. The final
configuration of a tLest station depends on the unique test requiremants for a particular
station.

Test Stations
PS203, Electronics Section Test Station., As an example of the STINGER production

test stations the PS203 is discussed. The test set will provide acceytance testing of
the Missile Electronics Section. The Engineering PS203 is shown in Figure 11.

Peculiar Inspaction Requirements, Tssting and acceptance of the ¥ ectronic Sections
raquires the following major subsyctems:

1. Rate Table Subsystem

Provides rate and acceleration stimulus.
2. Roll Subsystem
Provides three fixed roll rates.

3. Cooling Subsystem

Regulates and controls application of cooling gas at 3 different pressures,

4, Look Angle Subsystem

Provides azimuth control of tha target.

5. Target Selact Subsystem

Frovides ssveral target intensity lavels, This includes an optical section, an IR
nouves with s temearaturs sontivilar aud a fiicer/aperture mechanism,
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Gyro Drive Subsystem

Provides several selectuble gyro spin fraquencies in the normal gyro spin frequency
range,

7. Gyro Spin Fregusncy Comparator

Senscs the gyro spin frequency.

8. Measurement Subsystem

The following measurement modes are required:
1, DC Voltage

2, AC Voltage

3. Frequency

4, Time Interval

5. Phase

3, Unit Under Test, (UUT) Power/Control

UUT power supplies, current awnitoring and special missile function controls.

10, Test Set and UUT interlocks to protect the item under test.

Although some of the major subsystems may be comaerically available by themselves,
for exauple the Rete Table Subsystem, other subsystema, for example the Target Control/
Look Angle Combination, are unique zad require considerable electrical and mechanical
design and interface effor:.

The overal iutegretion of all the major subsystems and the development of an effective
Lardware/software combination require significant engineering effort.

Thess highly specialized subsystews and the overall integration are not commerically
available and therefore Special Accaptaace and Inspaction Equipment iz required,

Input Stimulus, Ph/sical stimulus to the Unit Under Test (UUT) will be oupplied by
five teat set subsyutoms. The Rate Table System will provide an agcurate tracking rate
to the UUT., The Rull System will simulate the normal UUT roll characteristic. A Look
Angle System provides target asimith positioning., The Gyro Drive System provides spin
rtimulus to the UUT gyro. Selected Infrared (IR) snergy levels are provided by the Infrared
Target System.

Direct stimulus to the UUT {s provided by three tast sat subsystems, The Cooling
System provides high pressure Argon Gas to cool the Ulir detector. A UUT Power System is
used to gimuiate battery power to the UUT, A UUT Function Control System iz utilized to
provide external control of certain UUT functions,

Futput Meagucement gHonitorggg . Sisnal measucements will be made by s fset Analog-

to-Digit | Canvertar. Drosazaing will be dons via soitware.
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The primary testing difference bitween REDEYE and STINGER 18 an appreciable increase
i{n the quantity of parameters tc be _ested., Continuation of tape control equipment
would have reeculted in apprecfabls increass in quantity of test aquipment for STINGER.

Computerized equipment was also less expensive as it coneists primarily of standard
romuercial items whereas the tape system involved appreciable fabrication costs.

COST AND PERFORMANCE COMPARISON

Table I presents a comparison of tie cost and performance capabilities of the
REDEYE and STINCER automatic test stations. The equivalent hardware is tested on the
ststions, The stations can be compared as follows : P0202 - PS202, PJ203 - PS203.
P0207 ~ PS247, P0O233 - PS008,

The total davelopment cost for each REDEYE statfon (including test proceduras and
documentation) has been normalized to 100, an arbitrary figure. The total development
cost of cach STINGER station was compared to the appropriate REDEYR statiovn, Thus,
the total davelopment cost of the STINGER P5202 station was 82 percent of the REDEYE
P0202 station.

The normalized cost per parameter is only a figure of merit for each system, It
can be seen from Table I that the cost per parameter has raduced considerably while
tctal test time per parameter has slso been substantially reduced, The reduction in
ast per parameter fs partiy due to the substantial price reduction of test equipment
computer and peripharal hardware and partly due to a standardized equipment design.
Test time per parameter is reduced primarily due to the speed advantages anjoyed by
computer controlled testing, The vaduction in test times is typically limited by the
unit-under-test response time,

Another cost benefit provided by the computerized STINGER test equipment was a
reduction in hardware costs by utilizxing software techniques, As an example, REDEYE
required a 510,000 phasemeter, In STINGER aquipment the same function is performed in
softvare in conjunction with the voltmeter, [his methad complately eliminates maintenance
costs and improves system accuracy.
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TEST EQUTFMENT COST DRIVERS

The previous section presented the cost of each major STINGER automatic production
test station compared to the equivalent REDEYE automatic test station, Th’s section
presents the detail cost elements of thea STINGER automatic stations. Thae "average' costs,
shown in Table ITI, for the four STINGER automatic stations are expressed in terms of
percentage of the total station cost,

Table II shows that the major hardware cost elements are the Stimulus, Measuremant
and Data Proceasor Subsystem. UUT test procedures and documentation are the major

software cost {tems., These are average costs since thay will vary from station to station
depending on the unique test repuiremeats.

Cocumentation

Tast equipment documentation, drawings, are the major nourecurring cost elements. This
was true with REDEYE and will also be true for STINGER production tast equipment.
Appreciable cost reductions could be achieved by greater use of commerical type
documentation.

Procedures

Another major cost category, but one that may no be fully appreciated, is the cost
for UUT test programs, This includes, primarily, the time to write and evaluate the test
pre~rams. The cost !8 obviously proportional to the number and complexity of the UUT's
and parameters to be tested. Although automatic test systems continue to become more
powerful and test programs easier to develop and edit (through on-line CRT program
development and editing) missile hardware also continues to become more complex with
more parameters to be tested. The net result 1s that programeing costs continue to be a major
cost item, Standardirzation of a programming language, such as ATLAS, throughout industry
will help reduce these costs.

Hardware Subsystoms

The Stimulus, Measurement, and Data Processor Subsystems vepi.sent substantial cost
elements of 2 teat station since they are typically outside purchased parts (signal
generators, voltmeter, computer, atc.), OSP items, especially computers and the
associated peripherals, have experianced substantial cost veductions the past few
years while at the same time drastically improving performance capability. Tnis trend
will continue, #sspecially as microprocessors become more powerful and influence computer
and instrument subsystems, Another trend reducing hardware coste {s the use of more power-
ful system software when used in conjunction with fn-house designed sampling-measurement and
arbitrary function generator systems, to replace OSP instruments.

Another major cost element for the STINGER test equipment is the Target Sf{mulation
Subsystem. The purpoze of an fnfrared target {38 to provide, to a Heat-Seeking Missile,
a realistic simulation of target parameters, The IR target provides the capability to
checkout the missils performance under controlled enviromental conditions. The Pomona
Division of General Dynamics has placed great emphasis on providing lmproved target
presentations throughout the development cycles of the IR Seeking Missile,

Other stimuli/input equipment is provided for STINGER, The missile {s rolled and
preaeated targets at various look anglea, Tracking is introduced by mounting the Target
Roll Assembly on a precision rate tablea. Other environments provided are acceleration
(§'z pulled by the missi{le), wideband vibration, higt temperature, and low temperature.
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Cost Minimirzation

As mentioned previously the computer controlled test statfon "CORE" unit is a
standardized design., Thus, a minimum design cost for new computer controciled stations
is achieved. The major test station design costs are realized to provide the unique
interface requiremants of the UUT and the required simulators and/or external stimulus or
measurement insiruments (rate tebles, gas cooling, etc.).

i Sl Lt

AR

Another possible long term cost reduction {s the standardirzation of the programming
language ATLAS for computer controlled test stations. A tranasistion cost to switch to a
new UUT programming may result, but long term advantages will be possible from the use
of a common language throughout the indus«ry.

TR

REQUIRED PROI'U.” ON TECHNOLOGIES

The manufacturing technology project of designing and developing prototype production
test equipment during the engineering development stage of a project was implemented in
both the STINGER and Standaxd Missile 2 (SM-2) engineering development programs, This
has lead to our current design of computer controlled equipment planned for both of these
production programs, The advantage of this approach will be reduced TE developed costs,
improved system performancs, and reduced lead time for the production test equipment.

Other manufacturing technologies have be«n in the development process in industry
for many years. A very important area, one th.t may substantially reduce recurring
roduction cost of missile hardware, {s fault {solation of both analog and digital boards.

Impedance Testing

Impedance testing has besn available for several years and continuing improvements
in these test systems have made them very effective {n locating faulty circuitry card
components, To evaluate impedance testiug of analog circuits as a means of fault isolatfon

a comparison of this technique with current factory methods was conducted at General
Dynamics,

The ex’Zsting production fault fsolation equipment is manually operated TE with
stimulus, povesr supplies, and measuring devices vhich are rack mounted and accessed through
the control panel and test fixture, Functional fault isolation is performed using
signal tracing techniques. The impedance tester used was an automatic station with
accasg to 2-D boards through a vacuum-assisted test fixture via spring-loaded test
probes., The board under test is pulled down on the test probes by the vacuum,

Based on a production rate of 200 missile systems per month the atudy showed

a projected savings of approximately 100 hours per wonth in feult fsolating STINGER
circuit boards,

Digital Feult Isolation

Complexity of current logic circuits have made test program and subsequent fault
isolation a formidable task, The selection of a digital logic tester and program
preparation method {8 a complicated task. It depends on the volume of boards to be
tested, the variety of board types, characteristics of boards, and the effectivensss of
later system tesat, The prime concern {s how much it will cost to test or not test
boards over a given period of time.

E The important pofnt fa that {mendancs testliug and digical logle kault isolation
tachniques may substantially reduce the recurring cost of circuit board repair. Many
times these capabilities are not considered necessary and to reduce the initfal

3 production development costs these capabilities are eliminared from the bid.
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Hardware and Software

To further reduce TE material costs more testing and analyxing may be accomplished
with improved systam software. As sample-data-systeme and arbitrary function generation
capabilities improve morc measursmen:s and analysis will bn accomplished through
software and use of fast fourier transform techniques.

COST TRENDS

As shown in the '""Cost and Performance Comparison' section of the pregentation two
facto”1 became apparent. First, missile hardware is becoming more complex. This is
identified by the fact that the total number of parameters to ba tasted for common
REDEYE and STINGER hardware has increased. Secondly, the total tast system cost per
paramecer tasted i{s decreasinj. This has partly been about by technical advances, such
as order-of-magnitude increases in spsed and memory capacity, and also order-of-msgnitude
reductions in cost of computer systems over the past saveral years, Although the coat
of computer subsystems is stlll dropping, it is¢ decreasing at a much slower rate.
Relative costs of softwars {s now beginning to increase,

Digital fault {solation capability {s an area that will provide considerable cost
savings to production programs. This is an area that is more difffcult to quantify due
© the problems in obtaining fault isolation data., New techniques have been developed

which will allow for the cost-effective generation of digital fault patterns and probe
tracing for digital boards and modulas.
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Title: Manufacturing Technology Project To Reduce Recurring Fault Isolatfon Cost Of
Circuit Boards.

System-Panel Area/Component: STINGER/test equipment/fault isolation.

Problem. Manual fault isolation of STINGER circuits cards {s potentially very expensive.
The use of computer controlled stations to perform impedance testing on the circuit cards
could save as much as 100 hours par month of manual fault isolation time.

Proposed Solution: As a minimum this project would provide iI-r the addition of impedance
test capability to the STINGER circuit board test station, The ‘.ask would include
hardware design and integratior of an impedance test, preparation of ceontrel software,
and the preparation of test procedures.

Project Cost and Duration:

Design $ 12,000
Hardware 35,000
Software 8,000
Test Programa 40,000

TOTAL  $ 95,000

Estimated duration of the project is eight months.

.
v . (T AR b T ORI S AT TP DR e BRI e 6 AT ap iy, i?M“Eﬁm

Benefits: Banefits to be derived from this project are s reduction in recurring fault
isolation costs., .he technology porject could also be applied to other missile progcam=z,
The reductfon in cost for stinger could ba up to 100 manhours per month for fault
isolutiom time, assuming a production rate of 200 missiles per month.
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TEST EQUIPMENT COST DRIVERS AND THEIR FUTURE TRENDE

0. T. Carver and J. H. Groff
RCAR Corporation

Burlington, Massachusetts 01803

ABSTRACT

A contemporary test equipment supporting Army missile systems is used as a basis for
cost element derivations and cost/technology trends. The Land Combat Support System (LCSS)
is a test and repair system in use with several Army missile systems. LCSS supports four
forward area tactical missile systems; the Shillelagh, TOW, Lance and Dragon in the field
and, to a limited extent, the Depot environments, The significant cost factors include
both hardware and software elements. The general purpose capability spreads the hardware
cost across a number of applications, and as an automatic test equipment, software costs
are a function of the number of missile system items tested. Technology advances since
the era of LCSS design are tending to (1) reduce recurring hardware corts by trade-off for
one~time software investment, and (2' develop automated test design techniques for the
application software.

INTRODUCTION TO LCSS
Purpose

The Land Combat Suppor® System is a common support ecuipment for missile systems
possessing varied tactical and technical characteristics. It was conceived to provide
maintenance support for major assemblies and subassemblies of the Shillelagh, TOW, Lance
and Dragon missile systems. Although its primary purpose is for direct and general support
missions, ICSS is suitable for use at Depot when augmented with acceptance and inspection
equipment., The primary objective of the LCSS design was to provide automatic, multisystem
test equipment capable or supporting in the field any land combat rissile system and also
be capable of gelf support. The variation in characteristics of the missile system can be
seen from Figure 1.

The Shillelagh missile system is vehicle mounted, uses an IR guidance link, and “d.e
guidance system is housed in seven major assemblies. The missile itself is rot repaired
in tbe field. The TOW is man portable, uses an IR tracker but the guidance link to the
missile is through wires trailed from spools on the missile. The misrila, ag with chille-
lagh, is not repajred in the field. LlLance is a point-to-point weapon using a modified
inertial guidance sysiem, Both the missile and the pre-launch equipment are field repair-
able. LCSS came into baeing as a multisystem support equipment scaled to the Shillelagh,

105 Preceding page blank
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Lance, and TOW support requirement, Later, Dragon was added to the LCSS support require-
ments.

LCSS is a two-shelter system with the autumatic test set in the first shelter (AN/TSM-
93) while the second shelter (AN/TSM-94) providves repair and storage functions.

SYSTEM DESCRIPTION

Figure 2 shows the two shelters, cut away to show the test set operator's console and
electro-optical test position. As shown, the shelters can be used from the back of the
transporting truck or can be placed on the ground.

The LCSS is designed for transport by cargo aircraft, standard wheeled mititary vehi-
cles, and by helicopter., Total weight for 2ach shelter with equipment is approximately
6000 pounds. Each shelter i-cludes an integral heating~cooling system which allows continu-
ous operation throughout the global environments.

Integrated circuits are used in all control and digital applications, and this has
made possible the relatively small size of tlhe test equipment. There are two test stations
and one repair station in the shelter plus storage for test tapes, cables, and adapters.

The automatic test system consists of a controller/data processor, input/output
measurements, electronic stimuli, switching, adapters, and internal power. The controllex/
data processor subsystem provides the interface between the input/output and the remainder
of the test set. It accepts programmed data from either the perforated tape reader or the
manual input and uses this data to control the operation of the stimuli, measurements, and
switching. It also accepts measurement and contrsl data and performs algebraic addition
and subtraction computations as required to determine the operational readiness and/or
faulty compcnents of units under test (UUTs).

The input/output function provides the inputs necessary for system operation as well
as the outputs required by the operator, The measurement subsystem has the capability of
performing frequency, time-interval, peak-voltage and resistance measurements. It receives
inputs via the switching function from the UUT and from selected self-test , ~ints in the
test system. All these signals, whether DC, AC, or resistance, are converted to a binary
coded decimal (BCD) quantity which is then routed through the controller/data processor for
further processing and for decimal display. Self-test of the measurements subsystem is
accomplisghed through the use of internal reference standards, Both AC and DC voltages
from the stimulus subsystem provide both signal and power stimuli to the UUT. The DC volt-
ages are programmable in amplitude; AC signals a-: programmable in amplitude, frequency and
waveform characteristic. Available to the Shillelagh transmitter UUTs are special stimuli
supplied by Shillelagh modulator assembly (GFE). Self-test of the electrcnic stimuli is
accomplished by routing the stimuli to the measurements function. The source and detector
adapters form a subsystem for test of electro-optical devices,

The switching provides the interface between the UUT and the remainder of the test
system. Through test -onnector panels and under program control, signals to be monitored
are routed to the measurement function, Special handling of sensitive UUT signale may be
actumplished by the use of probes located on the measurement assemblies.

An external engine-generator set furnishes three-phase, four-wire power with a line-
to-line voltage of 208 VAC at a frequency of 400 Hz. This prime power is supplied through
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the power distribution panel.

PROGRAM STATUS

LCSS is presently deployed world wide., The original system design studies were
initjiated in 1354, followed by developmental models and test demonstrations on Shillelagh,
Lance and self-test programs during 1965 and 1966. In 1967, four service test models were
delivered,and military operator and maintenance personnel training was started, The first
initial support sets were deployed in 1968 in support of Shillelagh at Fort Knox, Kentucky.
The same year the first of the engineerxing test/service tests at White Sands were completed
and ILCSS was committed to production.

Counting the three developmental models and four service test models, all of which are
5till in use, there are over fifty LCSS systems delivered.

Test Software

Programming software was, from the beginning, an important part of the LCSS program.
In fact, Army acceptance of overall hardware/software development was based on demonstra-
tions of test programs running on ICSS in test and diagnosis of UUTs. The contractor's fee
was determined by the ability of the ovcrall test system and its software to detect faulty
units under test and to diagnose failures to the source of failure. It was expected that
the test system would, in 99 percent of the cases, identify good units as good and bad units
as bad. The LCSS contractor had to correctly locate UUT faults in 90 percent of the test
cases in order to achieve target fee. Above 90 percent he earned fee up to a maximum at
Y6 percent and over. In more recent contracts the condition for acceptance of the test
program is demonstration of better than 9C percent correct diagnostic capability.

In retrospect we know of no better way to demonstrate acceptable ATE systems than
to require test/diagnosis demonstrations of the hardware/software combination. The faults
were Getermined by the Aumy based on failure mode analysis of the individual UUTs and were,
of course, not made known to the contractor prior to the demonstraticn test. Fnowing the
conditions of acceptance, the contractor instituted a strict series cf software design re-
views and sampling tests during validation to increase his confidence in the individual
test programs before submitting them for acceptance.

An assembler, called ASEIP for Assembly Static Error Inspection Program, was developed
early in the LCSS program as a software ajl to test program development, Later, lessons
learned with ASEIP were applied to the development of UTEC or Univers:1l Test Equipment
Ccompiier, UTEC is being used for new test program designs and program updates.

As a general p:u«pose maintenance tool, LCSS in development had an interface with the
weapon system prime equipment manufacturers and with various project offices within the
Missile Command. The missile system prime initially developed the test designs  sed on
test requirements for the items under test and help :Irom tha ICSS contractor rel ve to
test equipment capability and interface.

As a result of the experience with the Shillelagh test programs, a different philosophy

was developed for the TOW assembly programs. Jndar the previous split responsibility phil-
osophy, there was no penalty if the test program did not find a faull because of missing

109




PR CE AN o) s Aandaa e i e e a < e

logic. For the TOW programs, RCA was given complete responcibility for the test logic as
well as the validation of that logic.

5 In addition, the validation and demonstration process requirements were upgraded so as
to provide an increased number of faults to be inserted and requiring 90 percent of the
faults inserted to be found for individual tape acceptance. In the TOW program, we have
bettered the 90 percent acceptabilit; on all the programs and the group average is 97.1
percent, Later contracts continued these requirements and for the LCSS and TOW GO/No-Go
tapes a 95 percent acceptance criteria was required,

Support Variables

(v JEaa s GAE Gt

At the time LCSS was conceived, the maintenance philosophy for the prime systems called
for piece part replacement in the field., This support concent applied as well to the LCSS
itself and presumed repair of PC boards by replacement of IC chips. This meant that diag-
nostic softwure would be needed for subassemblies dcwn to the piece part, or in some cases,
to the non-repairable module. Aside from the software, impulse soldering devices were
planned for the TSM-~94 Repair and Storage Van so that IC chips could be removed and re-
placed.

This maintenance concept has been modified to the point that conventional piece parts
(transistors, capacitors, etc.) would be replaced in the field but not IC's. Also, PC
boards composed primarily of IC's would not be repaired in the :ield. This has the effect
of shifting the card repair work load to Depot level, while requiring spare card stocks at
the intermediate maintenance level.

Similarly, there have been significant shifts in expected deployment of the various
missile systems over the period that LCSS and the weapons were in development. These two
variables, support concept and weapon deployment, point to the need for continually exanin-
ing the support requirement whicii the test system was intended to meet and to recognize the
value of flexibility in application.

COST DRIVERS

The LCSS systems, divided into the functional elements used to assess component costs,
is shown in Fiqure 3. With some exceptions, the shaded functional elements can he matched
to the costs shown in Table 1. One of the exceptions is the electro-optical bench which
contains several cost components and a judgement was made in dividing the bench costs.

The test equipment cost information shown on the matrix in Table 1 is based on costs
in production of sixteen systems., The sixteen systems were produced as the last run of
production sc that costs incorporate end-of-run learning curve recurring costs.

The categories of hardware content in the matrix, such as stimuli, measurements, etc,
are indicative of the major elements of the test equipment. The data processor and the
AAnbwnl nermbam @l e ~canemd daval Eamvabbhae mres1atTd e I mavanand AF kA Aol cwroblam
......... yotem should bo considored togather, cgualiling 22 povcant of tho tota) cystom
cost, The LCSS contains an electro-optical subsystem which does not quite fit the cate-
gory of test equipment subsystem. The electro-optical subsystem was allocated partly to
measurements and partly to enclosures/racks; the latter because of the optical bench assem-

3 bly which is a precision mechanical assembly.
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From Table 1, the highest cost content comes from the stimulus, control system, and
unit under test software, - each being over 15 percent. The stimulus subsystem is largely
analog and reflects the requirement for accurate and stable signal generation.

Ao

The control subsystem is predominately digital, Although digital components cost per
function have dropped dramatically compared to analog functions, the control subsystem is
quite complex. Its role in modern automatic test system architecture is changing and this
is one of the significant technological trends.

pidv e Lt Cos e o

The urit under test software deserves special mention because this cost element 1s
significant, because it is the often misunderstood, and because it is the subject o1 a
techrology pvoposal., Just as manual test equipment must be supplemented by a test proced-

9 . ure or test program to beccme usable, test programs are needed to supplement autcmatic test.
The test program, like the test procedure, is unique to the prime equipment being tested.
Its development is a one-time cost. The cost element shown in Table 1 as unit under test
software, is the cost of test program: (both software and interface adapters) for t ‘.se
missile system programs which were phased in time with the build of sixteen systems.

. The cost relationship between test equipment hardware and UUT software will vary with
each project becausge this relationship is a function of:

(1) The number of test eguipment sets being built, and
(2) The number of UUT test programs required.

To say simply "The software costs as much as the hardware" or "software costs are three
times the hardware costs" is not adequate, although each statement may be true. It is
more useful to consider hardware cost by cost elements as indicated in Table 1, It is
moxe useful to examine software costs by a common denominator such as "cost per test" =~
vhere a test includes all the steps necessary to connect, stimulate, measure, and make a
decision as to the test result, "“Cost" is the total cost of the finished product, - a
validated test program ready for field use.

FUTURE TRENDS

Hardware

In test equipment hardware there are two technology trends which tend to reduce cost -
rather - which tend to aold costs constant in spite of increasing material and labor costs.,
First, more of the test equipmen” functions are using digital rather than analog devices.
LSI and hybrid technology in test equipment application permits more logic func.ions per
component, following a similar trend in the prime missile systems hardware. Second, the
control processor subsystem is taking on more of the stimulus/measurement function. This
means that it is not necessary to build hardware signal genrrators for each test equipment -
a recurring hardware cost. This is accomplished by replicating software algorithms for the
control processor. These two trends are typical of what has come to be called "third gen~
eration" automatic test equipment.

~r
owvaLwWaLe

On the basis ot coust per test step, the trend over the past ten years is indicated in
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Figure 4. The cost reduction has come €rom adapting production techniques in place of the
model-shop environment of early UUT software develcpments. 1In the area of digaital pro-
gramming, the recent cost reduction has been made p:imarily through the use of automated
test program generation (ATPG) tools. ATPG is itself a software program. ATPG, as with
computer aided design, automates the test design function and does it so well that step-
by-step validation of the end product is not necessary. Validation was formerly about 45
percent of the test program cost; for digital programs subject to ATPG, the cost is in-
s.gnificant.

With reference to Figure 4, first generation autcmatic testirg equipment (ATE) relied
on a fixed-memory programme:-comparator to contrul & series of uiscret« devices for each
stimulus generated and each parameter measured.

Second generation ATE added computer control, wideband stimulus generation and multi-
function meters for measuverent.

There are two ATPG problem areas which are susceptible to solution by cencentratea
effort supported by adequate DoD funds. The most prominent is analog test design. There
has becn son2 work in this area in the past, but the problem remains unsoived. 'Test design
and program validation for analog devices (e.g., servo amplifiers, radio receivers) is a
manual process requiring unique engineering/technician skills and generally a low initial
product acceptability. Successful analog ATPG would reduce the cost per test to 20 to 40
percent of the present ceost. In the second area the problem has grown faster than the tool.
Most ATE manufacturers routinely use such digital ATPG tools as LASAR, D-LASAR, TESTGEN,
e~c. However with thc trends toward large scale integrated arrays, the availabl:2 ATPG arc
not « lequate, We need more powerful simulators to nandle the large scale ICs ~omiig intr
use. A technology proposal for dollai savang solutions in this area follows.

TiITLE: Manufacturing Technology Project to Provide a Lower Cost Process for
ATE Software Production

System/Panel Area/Component: Missile System Test Equipment/ATC/Application
(UUT) Software

Problem: Automated test equipment lor missile system support offers advantage
in testing rate and operator skill trade-offs by performing tests accurately
an: consistently under step-by-step control of a prepared test program, The
test programs, like manual test procedures, are unique to the tested itews and
their preparation 1is a significant non-recurring cost., Depending on the number
of tested items, the cost of test program preparation can be larger than the
test equipment hardware costs and is often the gating item in meeting missile
system operational dates.

Proposed Solution: The two primary ost drivers in test program preparacion

are (1) test design and (2) program validation, Validation is significant
because it is necessary to verify adequate test design. Higher confidence in
tast desian w1l reduce costs of validation The taat Adeci.n nracoee ie amonahla
to computer-aided-design technology applied to fault diagnosis of missile systenm
electronic, electro-uptic, and electro-mechanical subsystems., Some progress has
been made in automated prngram generation for digital circeaits, but much remains
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to be accomplished in test of LSI devices. Systems and circuit simulation technology
should be applied to test program preparation for analog subsystems and components.
Successful processes will reduce program unit costs by 40 tc 60 percent in test
design and 60 to 80 percent in validation.

Project Cost and Duraticu:

Task 13 Extend digital ATPG to MSI, LSI $200,000
Task 2: Develop ATPG for analog components £500,000
$700,000

Estimated duration of Task 1 is twenty four months, Task 2 1s thirty six months.

Benefits: The bunefits to be derived are a reduction in non-recucring test program
preparation costs. Cost reduction would be on the order of 60 peccent for program
unit costs, Typical present day costs of ,50K per test program could be expected
to be reduced to $20K, For a single missile system requiring 200 test programs,

a savings of $6 million could be achievable with additional down-stream recurring
cost savings in test progvam maintenance.

Assumpticns: Missile system support concepts will continue to require intermediate
and depot level maintenance with repair by component replacement.
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& . MANUFACTURING TECHNOLOGY PRGJECT TO REDUCE
& NON-RECURRING COSTS OF AUTOMATIC TESTING SOFTWARE

P. W. Sheltor, Director of Engineering Product Support Services
and

h M. T, Ellis, Program Manager of ATE/Test Systems

. PRD Electronics

Syosset, New York

: ABSTRACT

N e L

The high cost of generating Test Program Sets for the Automatic Test Equipment (ATE)
that the modern complex weapons systems dictate is evident to everyone irvolved in the
support of these systems. This paper suggests two ways of significantly reducing that

. cost. One approach involves the discipline and management techniques involved in the

’ qgeneration of the test programs themselves. The other approach involves an overal!l
systems approach to reduce the redundancy usually incurred in generating separate and
distinct test programs for the factory acceptance ATE and the field maintenance ATE
stations. The complete integration of manufacturing acceptance testing with field main-
tenance testing will be inherent in the latter cost reduction approach.

INTRODUCTION

The complexity of modern weapons systems has reached the point where manual checkout
has become unrealistic; the use of Automatic Test Equipment (ATE) with its associated

high speeds and improved confidence levels is now mandatory for many systems and system
components.

While the use of ATE can reduce the life-cycle support costs of the weapons systems,
it brings with it an initial cost, which, to the uninitiat~d, may appear staggering. It
is not unusual to find hurdware procurement coc.s of several millions of dollars, and,
while this is palatable for hardware which can be seen and measured by standard criteria,
the sottware cupport bill, sometimes approaching $100 million for a moderr military gir-
craft, is indeed @ hard pill to swallow. This paper wili1 examine how and where these
software costs are spent, and will show how, by a methodical approach to analysis of
problem areas, significant cost savings may be achieved.

THE PROBLEM

While the apparently high cost of ATE Test Program Sets (TPS's) is of almost uni-
versal concern within the support and testing community, too little has been done t>
systematically reduce these costs. Much attention has beer focused on the test program-
ming language. The subject of language standardization has been spproached with such
goals as ".... design of a test language to reduce the cost of test programs by ot least
an order of magnitude." This repres¢ L5 a very commendzbie gnal, which has not bzen
tealized, and probably will not be realized because it ignores rhe nature of the problem
and the actual Test Program Set cost distribution. This paper will {irst address the
cost of TPS development by analysis of the actual TPS cost distribution.

17
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A second problem which aggravates the cost for Test Program Sets is that there is
usually a hidden cost due to redundancy. Separate and distinct TPS's are generated for
the same unit under test (UUT) for factory acceptance testing and field maintenance test-
ing. By a properly managed systems approach, the field maintenance test programs can be
obtained at significant savings once the factory acceptance test programs sre generated.
In examining this problem it will be shown that the solution must start with the initial
concept of factory acceptance and field maintenance testing.

PROPOSED SOLUTIONS

In addressing the cost of TPS generation one should never lose sight of the fact that
TPS generation is a closed loop process beginning and ending with the unit under test
(LUT). (See Figure 1.) The whole process begins with an analysis of the operation and
system requirements of the UUT and ends with the minimum amount of testing to ensure that
those requirements are adequately pcrformed during intended usage.

The first step in proposing methods of reducing the cost of Test Program Set genera-
tion must be & more detailed analysis of the cost distribution of the effort.

Figure 2 shows a8 simplified flov chart of the phases of TPS development. To analyze
the relative cost of each phase it is necessary to obtain quantitative data for a repre-
sentative population of units under test (UUT's). From a maintenance standpoint, we can
subdivide the population into two types of units: Shop Replaceable Assemblies (SRA's)
and Weapon Replaceable Assemblies (WRA's). WRA's are typically the "black box" level of
equipment; for example, a transceiver set. The SRA level refers to plug-in modules and
subassemblies; for example, a printed circuit card. The analysis shown refers to SRA
level UUT's, and specifically to printed circuit boards of both analog and digital design.
The percentage of cost per phase state for black-box assembly TPS development is approxi-
mately the same as that for development of plug-in modules.

Based on a sample of approximately 300 VAST modules, with about two-thirds being
digital and one-third being analog, the percentage of cost per phase state for TPS devel-
opment is as follows:

Cost

%)

1. Test Requirement Generation 40
2. Code - Compile 10
3. Adapter Design and Fabrication 20
4. Debug and Validation 20

5. Documentation _10
TOTAL 100

The rirst phase, that of Test Requirement Generation, involves the analysis of the

UUT, the test environment, and the methods of testing consistent with the end test
results and confidence levels, This phase will involve such things as definition of a
failure, definition of fault isolation requirements and preparation of test plans, and
narams ter tolerances consictent with these goals. In short. this first ohase lavs the
foundation upon which the remainder of the TPS generation task will be built. Its im-
portance is reflected by the fact that approximately 40 percent of the total effort is
expended in this phase.
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R
PHASE 1 PHASE 2 PHASE 4 PHASE 5
TEST CODE AND DEBUG
REQUIREMENTS > COMPILE AND p———a{ DOCUMENTATION
GENERATION F VALIDATION
PHASE 3
»| ADAPTER GESIGN

AND FABRICATION

Figure 2. Test Program Generation - A Five-Phase Approach

The second phase involves the conversion of the test requirements into a form
acceptable to the ATE. For most computer-controlled test systems, this is a two-step
process. The first step normally consists of coding, or writing a test program in an
English-1ike test program language. The second step consists of translating (or compil-
ing) this program into a direct machine-executable code; in this format it is referred
to as the Object Program.

For digital modules the cost of the second phase can be reduced by combining Auto-
m- ic Test Generation (ATG) with a software processor to eliminate the coding effort.
In this manner, the process from circuit modeling, required for AT, to Object Program is
handled by computer programs.

The third phase, design of an adapter or Interface Device, is normally done in par-
allel with the program coding. The Interface Device (ID) will allow the ATE to interface
with the UUT. This adapter may take the form 2i a simple, hardwired unit designed to
accommodate differences in connectors, or it may include active or passive components to
provide specific signals or signal conao.tioning not available from the ATE. It should
be noted that while the final design of the ID is done in this phase the desi_: dapproach
will have been determined in Phase 1. Further, the ATE design should minimize the com-
plexity of the 1D's.

The fourth phase, Debug and Validation, involves bringing together the outputs of
Phases 2 and 3 and integrating these with the UUT and the ATE. While at first glance it
may appear that most of the debug effort consists of correcting errors from these phases,
in actual fact, most of the time (and hence money) spent in this phase is due to imper-
fect execution of Phase 1, the Test Requirement Generation.

The debugging in Phase 4 is concluded by some formal, previously defined validation
vhich will demonstrate the final item queality.

The fifth phase, Documentation, is the effort necessary to:

(1) process and deliver the TPS documentation, including ATP's (Acceptance Test
Procedures) and ATR's (Accevtance Test Reports), for the tect nrogram and the pegdurtion
version of the Interface Devices. |t also includes the processing and delivery of the
MiL-D-1000 drawings for the Interface Devices, the Diagnostic Flow Charts and Source
Deck Listings;
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(2) generate and deliver the MTPS!'s (Master Test Program Set Indices), the SER's
(Support Equipment Requirements), SEL's (Support Equipment Lists) and

(3) maintain configuration and documentation control, and suppo.t a documentation
data bank facility.

Documentation does not include, for example, the generating of factory operation

sheets, factory test procedures and deliverable drawings for 1D's. These costs are in-
cluded in Phase 3.

One very important factor in reducing the overall cost of TPS generation is to en-
sure that the effort is performed in accordance with strict discipline. It is, after
all, essentially an extensive software development effort and the cost of software devel-
opment is unforgiving of a lack of appiied discipline. Based on experience witu approx-
imately 500 test programs over the past 5 or 6 years, PRD has developed a management/
implementation plan which takes the basic five-phase approach and divides it down into
11 sub-phases with definitive review and checkpoints along the way. These checkpoints
allow manayement to enforce the proper discipline as an on-going process rather than be

confronted with a fiasco at the time that the development of a TPS was supposedly com-
pieted.

It is apparent, based on the task description and cost breakdown presented previous-
ly, that the most significant area for putential cost savings must be in the Test Require-
ment Generation Phase. As mentioned earlier, in addition to reducing the direct cost of

that phase itself, a better quality test requirement specification will also be reflected
in terms of reduced debug costs.

The following are some of the factors whick, if properly taken into account during
this phase, will significantly reduce the overall cost of TPS development:

® Attention should be constantly focused on the fact that the objective is
"maintenance' and "tactory acceptance' testing as opposed to 'design verifica-
tion" testing.

® Testing should te as simple as possible since this will reduce the cost of TPS
development in every phase, particularly the debuj phase.

® The testirq of the UUT should be approached from a systems point of view; i.e.,
optimum utilization of the overall "system" which consists of the ianguage,
compiler, UUT anc Interface Device, in addition to the test station hardware
and on-station software. PRD has repeatedly demonstrated, via pilot programs,
that less expensive TPS costs, shorter station run-times and less complex Inter-
face Devices are the results of the proper "systems" approach.

® Automatic Test Generation (ATG) shouid be used to the maximum extent possible
#rn, as previously mentioned, auto-coding should be employed in conjunction with
ATG.

® The development of TPS's must be broken down into clearly defined phases which
can be reviewed and monitured by management as an on-going process.

)

Design-to-Guidelines for TPS's must be established so that the maximum of stand-
ardization that is practical is achieved by the entire work force involved in
TPS's for all of the units under test of the weapons systems. This ensures that
test programs for common circuits are designed only anre and 2c 2 by-proguct
ascures that the debug etfort is done only once.

Figure 3 summarizes the cost reduction trend that can be achieved by utilization of
the foregoing techniques. The dotted curve shows the initial unit cost to the U.S. Navy
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of a group of avionic Test Program Sets and the Navy's projection at that time of the
theoretical decrease in cost that might be obtained based on standard learning curves.
Using the initial AfE cost as a baseline, the solid curves show unit cost for PRD to
develop equivalent SRA Test Program Sets for two pilot programs (F-14A and S-3A modules)
and VAST 5elf-Test Test Programs. It should be noted that the cost for the VAST Self-Test
Test Programs reflects a completely military type of contract performance with full docu-
mentation and Navy surveillance and acceptance testing of each Test Program Set. The
F-14A and S-3A Pilot Programs were not formal programs nor was a complete set of documen-
tation generated. However they serve to set cost goals that should eventually be obtained.

NAVY AVIONIC SRA'S (PLUG-IN MODULES)
1.00

0.75

b e me e o THEORETICAL
0.69 e MPROVEMENT
COST PER SRA
(NORMALIZED o )
ZORONAVY -
VIONIC SRA
COST/SRA) E/V PRD‘ SELF TEST
SRA'S (CURRENT STATUS) (3)
0.30 M-
0.25
S-3A SRA'S
PRD PILOT PROGRAM (2)
o l
1971 1972 | 1973 1974 1975

1971-1975

Figure 3. VAST Program TPS Cost Reduction -~ 1971 thru 1975

If we compare PRD's current cost per SRA Test Program Set (0.30 in a normal ‘zed basis)
with the theoretical goal the Navy thought possible (0.69), it is evident that a further

savings of 56 percent (0.69 - 0.30)/0.69 has been actually achieved on generation of VAST
Self-Test TPS's for plug-in modules.

Assuming that the cost of the development of Test Program Sets has been minimized,
life-cycle costs can be further reduced by elimination of the generation of redundant
TPS's for both factory acceptance testing and field maintenance testing. To achieve this,
PRD devised their "software transferability' concept. Essentially, the concept embraces
the idea that the Automatic Test Equipment used for factory acceptance testing of weapon
system modules can be a commercial subset (Simulator) of the militarized ATE system used
for field maintenance. If this is so, the systems software (language, compiler and asso-
ciated software processors) can be so designed that a source program can be processed by
the software to output an object program for either the militarized ATE system or the
factory ATE system, i.e., software transferability. In this manner, a TPS for a given
i UUT need be developed and debtiaged anly ance for cither the factory ATE system or the
militarized ATE system. This same source program ic then recompiled yielding an Object
Program for the other ATE system without incurring the cost of a completely new TPS.

3 Figure b is a flow diagram of this concept, and Figure 5 is a pictorial representation of
the system elements involved.

o
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PRD has been involved, over the past decade, in the development and production of
VAST, AN/USM-247(V), a general-purpose militarized, automatic test syctem for the U.S.
Navy. Inherent in the production of this test system is the development of self-test pro-
grams for each of the test sysiem modules; thus allowing the system to, in fact, test
itself. The systems in question represent a cost of approximately $2 million per station;
therefore, it was mandatory that maximum use be made of each test station and, consequently,
debug time in & "hands-on" mode was at a premium.

By utilization of the Simulator to debug the self-test TPS's, critical VAST station
time was saved whtle simultaneously producing TPS's for factory scceptance testing.

The VAST station contains approximately 1,000 unique modules. Initially, a subset of
300 modules, digital in nature, was chosen 3nd a commercial subset (VAST Simulator) factory
ATE station designed which was capable of testing these modules. The concept was proven
by the fact that the cost to develop a factory acceptance TPS after a self-test TPS was
debugged was only 18 percent of the cost 10 generate a factory acceptance TPS from ground
zero. The fact that the concept was proved by coepiling factory ATE Simulator TPS's once
field maintenance ATE Test Program Sets had been generated, instead of the reverse process,
was due to the chronology of the YAST and VAST Simulator programs.

A second VAST Simulator has now been produced which has the capability of testing a
subset of 700 of the 1,000 unique moduies. This version is now demonstrating its vtility
not orly in the factory but also aboard ship. Because of the scftware transferabiiity
concept, the Navy has the option of testinc VAST moduias either on VAST or the VAST Simu-
lator while paying the cost for development of only one Test Program Set. 1t should bLe
noted that the Interface Devices can be used interchangeably on the VAST or the VAST Sim-
ulator; therefore, the Navy saves the cost of ¢ ocurement. (and the space of storage aboarc
ship) of two different types of Interface Adapters.

Looking at the application of this concept in a future U.S. Army missile program, it
would be expected that the factary acceptance test programs wculd be generated initially
and the field maintenance programs derived from these. The experience on the VAST pro-
gram shows that the cost of generating a fi~ld maintenance test prcgram for a plug-in
module once a factory acceptance test program is available, relative to generating a field
maintenance program from ground zero, is 67 nercent or a savings of 33 percent. The fact
that it is not a much smaller percentage is <¢u2 vo the increased formality, government
surveillance and acceptance, and documentatica required for the field test programs as
opposed to the factory test programs. Th:: basic "engineering”" effort does not have to be
repe-.ed. Let us assume that when the g! ,und control electronic equipment and the missile
electronic equipment is considered, 300 unique plug-in modules are involved. Assuming
that at least one-half of them could bte interchangeably tested on either the field main-
tenance ATE or the factory acceptance "Simuilator," the cost of generating field test pro-
grams for all the plug-in modules would be reduced by 16 percent (i.e., 50% x 33% = 16%).

To implement these approaches to the reduction of the non-recurring cost of auto-
matic testing software on future Army mi..ile systems, or Army weapon systems in general
for that matter, it is proposed that a manufacturing technelogy project to develop System
Design Criteria be initiated. The availabiiity of such criteria would enable the imple-
mentation of the software transferability concept and a disciplined menagement approach
to the generation of future test programs. It is envisioned that the output of the

project would be a series of reports which would define and list the specifications and
constraints necessary in the areas of:

TPS Development

Language Jevelopment and/or Use

Conpiler

Software Processors

Field Maintenance PTE Station

. Tsactory Acceptance ATE Station (Simulator)
. On-Station Software

.
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It is estimated that the project would cost approximately $98,000 and take about

6 months.

A partial list of the projected areas to be addressed in producing such System De-
sign Criteria is as follows:

A. lest Program Generation

12.

13.

14,
15.
16.

18.
19.
20.

™Y

21.

- l-

2.

Define the phase states and checkpoints per phase state to permit management
review and control during each stage of TPS development.

Define the requirements of the Test Requirement Specification (TRS).

How do you ensure that the TRS reflects maintenance testing and not design
verification testing.

Define source documentation to be utilized as a basis for irS Developme t.
Guidelines for preparing test strategy.

What are UUT maintenance testing requirements.

Relationship of TPS's to weapons systems maintenance concept.

Relationship of overall and constituent functional operaticnrs of tie UUT
to the key parameters to be tested.

Interrelationship of UUT and SRA tolerances (maintenance error cone).
How the Interface Device (1D) is to be specified at the TRS level.
Extent to which the TRS designer should influence the adapter design.
ATE data required for successful TRS design.

How faults are defined. What constitutes a fault at the (1) maintenance
and (2) factory acceptance levels.

Who should prepare the TRS.

Who should prepare the TPS,

What the Diagnostic Flow Chart should and should not include.
What the Test Diagram should and should not include.
Relationship of alignments/adjustments and calibration to TPS.
How station run~time is minimized.

Where should entry points be.

Design-to-Guidelines for TPS's to achieve maximum standardization in pro-
ducing TPS's for the UUT's in the entire weapon system.

B. Software Transferability

Constraints on use of language elements.

Constraints on Software Pre-Processor.
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3. Constraints in field maintenance ATE Simulator capability.
L. Constraints on on-station software.

5. Constraints in TPS generation.

SUMMARY

The area of test equipment and its usage, perhaps beccuse of its backstage role,
lacks glamour. It is probably because of this that it has, until recently, failed to
receive due attention. Even now, most efforts are focused on the design of the prime
equipment and its associated software. Insufficient attention has been given to the
non-recurring cost of automatic testing software. This should be corrected since the
cost of ATE Test Prcgram Sets represents a significant portion of the non-recurring
support budget.

The studies recommended in this paper are intended to reverse this trend and save
money. The two suggested approaches taken together should save approximately 72 percent
(56% + 16%) of the costs to generate TPS's for field maintenance of the plug-in modules.
In addition to the cost savings, very close integration of factory acceptance and field
maintenance testing is achieved.

All evidence indicates that an amount proportionate to that saved in the plug-in
module area can be saved in the WRA area by a well disciplined management approach to the
generation of TPS's. Test programs for military weapons presently represent investments
of hundreds of millions of dollars. Future investments will also be of this magnitude.
The potential for dollar savings is enormous.

The modern army is based on reduced manpower and increased technology; to rema.n
effective its armory must receive effective meintenance. The studies proposed here are
designed to provide higher quality support at lower costs: in short, to optimize the
use of the constantly waning defense dollar, a goal to which we are all, industry and
military, firmly committed.

ACKNOWLEDGMENTS

The authors wish to acknowledge the assistance of T. H. 0'Brien, F. A. Montenes,

E. E. Forster and M. B. Weber in the preparation of this paper.
REFERENCES

1. Hoth, D. K., "GAC-FI4/SRA Pilot Project TPS Development Report,”" PRD Electronics
Report, February 1973.

2, Hoth, D. K., "LAC Pilot Programs," PRD Electronics Report, September 12, 1973.

3. U.S. Navy-PRD Electronics Contract NO0O19-72-C-0295.

127

Fyres ateanaiie il LTI o —




R ek A

"

e
X218 3

3

R P T TN P FOV S T

e 37 Moy ara

SUMMARY SHEET

Title: Marufacturing Technology Project to Reduce Non-Recurring Costs of Automatic
Testing Software

System/panel area/component: General/Missile Test Equipmnent/Test Program

Problem: Increases in sophistication of weapon systems are dictating the use of omputer-
controiled Automatic Test Equipment (ATE} for effective checkout and maintenance >f these
systems. For complex weapon systems, the cost of test programs can approach $100 million.
Despite its high cost, the actual process of Test Program Sei (TPS) development has had
inadequate attention in terrs of standardization and management control to achieve minimum
cost. Further, the separate and distinct generat ' an of test programs for factory accept-
ance testing and f'eld maintenaence testing is redundant and therefore unnecessarily costly.

Proposed Solution: PRD experience on the VAST program, AN/USM-247(V), has shown that o
strictly disciplined approach properly managed can reduce the cost of test programs by a
factor of approximately 2. Further, if at the outset of a weapons systems program the
proper systems approach is taken, the '"software transferability' concept can be imple-
mented, significantly reducing the redundancy usually incurred by developing separate and
distinct test programs for factory test equipment ond field maintenance testing. Imple-
mentation of the software transferability concept iavolves the ccatrol of the design of
the system software (language, compiler, and associated scftware processors), field main-
tenance ATE and factory acceptance ATE, *o enabie the production of test programs for field
maintenance by rerunning the same source programs through the compiler and associated
software processors, once the factory acceptance testing program has been developed and
debugged on the factory acceptance ATC. In other words, manufacturing acceptance testing
and field maintenance testing are completely integrated.

It is proposed that a project to develop System Design Criteria be initiated which
would enable the implementation of the software transferability concept and a disciplined

management approach to the generation of test programs on future U.S. Army missile pro-
grams.

Projected Cost and Duration:

Estimated Cost $98,000
Estimated Duration 6 months
of Project

Benefits: By the implementation of a disciplined and effective management appruach in the
generation of plug-in module Test Program Sets, this pro,ect should save approximately
56 percent of the cost of generating field test programs.

By the application of the software tiansferabiiity concept, an additional 16 percent
should be saved in the generation of field maintenance test programs for plug-in modules.

Taken together, the overall savings in the non-recurring AlE software cosc¢ for plug-
in module field maintenance test programs should be reduced by approximately 72 percent.

Assumptions: 1) The cost savings predicted for the development of TPS's can affect most

future programs and many current programs. 2) The cost savings resulting from imp}emen-
tation of the softwore transferability concept will apply only to future systems.

s Preceding page blank
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TITLE: Manufacturing Technology Project to Incorporate Micro-Processors
intc Automatic Factory Test Equipment

SYSTEM/PANZL AREA/COMPONENT

TOW, U.S.-ROLAND, HELLFIRE/Test Equipmert/Data Processors

PROBLEM:

The TOW, U.5.-ROLAND and HELLFIPE ~+ low cost, high rate missile production programs for
which factory test equipment 1s or .1° be a major cost driver., Past experience in im
plementing test equipment for missile p.coduction programs has indicated a need for cost
effective automation. Automatic test equipment implemented wich micro-processors would be
less expensive to implement and te support over a program life cycle than manual, hardwire
controller or mini-computer contrclied equipment for the follecwing reasons:

1, Fewer test stations required

2. More flexibllity for changes

3. Less production floor space required

4. More commonality in equipment design - thus reducing recurring implementation costs
5. Lower maintenence costs

6. Lower production test times

7. More accurate testing

PROPOSED SOLUTION:

This Manufacturing Technology Project will develop a test oriented, micro-processor based,

modularized controller which can be bnilt into the test systems/product interface electror-
ics to perform those functions not being accomplished by mini-computers and hurdwired con-

trollers.

The tasks to be accomplished by this priject would include formulation of modularized
micro-processor based test system controller architecture and the construction and proto-
type testing of the controller to develop performance/cost data for use in application
trade-off analysis in new automatic test svstem applications.

PROJECT COST AND DURATION:

Esctimated costs are as follows:

1. Define classes of functions performed by test system controliers . $ 50,000

2, Petermine input/output and interrupt requirements . . . 40,000
3. Develoo a test oriented software environment with emphasis

on “easy” interracing of custow In® :tlaces . . . . ou, UuY
4, System design J,f modular micro-processor based contrcller . . 40,000
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5. Prototype and test the micro-processor based controller . . $220,000
y TOTAL $510,000
y Estimated project duration is 24 months.

BENIFITS:

Ber:iits to be derived from this project are a reduction in recurring and non-recurring
teet equipment implementation costs. These reductions are as follows:

1. Reduction in recurring hardware costs for Dsta Processors . 60%
2,  Reduction in recurring hardware costs for Cables/Harnesses . 30%
NET REDUCTION OF REC. RING HARDWARE COSTS . . . 16%
3. Reduction ir non-recurring test equipment implementation
costs for suftware . . . . . . . . 40%
NET REDUCTION OI' NON-RECURRING COSTS . . . . 18%
ASSUMPTIONS:

The stated benefits are based upon current production experience and as such the following
assumptions apply:

1. Fueture missile system technologies will lend themselves to automation techniques.
2. Procurement quantities will be sufficiently large that the implementation costs of

autumatic test equipment can be cost effectively amortized over the production run.

PARTICIPANT'S NAME AND TITLE,

COMPANY NAME ADDRESS AND TELEPHONE NUMBER
HUGHES AIRCRAFT COMPANY J. L. FARNSWORTH

MANAGER, PRODUCTION ENAINEERING
HUGHES AIRCRAFT COMPANY

P. 0. BOX 11337

TUCSON, ARTZONA 85734

(602) 294-5311 - Extension 6861
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TITLE: Manufacturirg Technology Project to Develop an Automatic
Fault Isolation System for Analog Circuit Assemblies

SYSTEM/PANEL AREA/COMPONENT:

TOW, U.S.-ROLAND, HELLFIRE/Test Equipment/Simulators, Data Processors, Processor Software

PROBLEM:

Automatic high rate functional testing of production analog circuit assemblies has resulted
in the detection of failures, usually within minutes or seconds, which require hours to
troubleshoot and repair bv conventional methods. This situation has been known to tie up
large quantities ~f production assets due to the slow, manual fault isolation and trouble-
shooting methods currently available.

PROPOSED SOLUTION:

This Manufacturing Technology Project would investigate and develop cost effective methuds
of automatic fault isolation and troubleshooting of analog circuit assemblies. This pro-
ject would include an investigation of product test access, development of prototype test
fixturing and investigation of automatic test equipment software fault isolation ané deci-
sion making techniques.

PROJECT COST AND DURATION:

Estimated costs are as follows:

1. Investigation and cost trade~off analysis of test
point access arrangements . . . . . . . $ 40,000

2. Development and prototyping of probing techniques

and fixtures . . s . . . . . . . 100,000
3. Development of cost effective fault isolation
signal analysis technique . . . . . . . 150,000
4, Implementation of a prototype instrumentation and
test bay . . . . . . . . . . . 290,000
5. Testing and cost benefit analysis of resultant methods . . 60,000
TOTAL $650,000

Estimated project duration is 28 months.

BENEFITS:

Benefits to be derived from this project are a reduction in recurring test costs in the
wauyufaciuzing cperaction dy J3d%.

ASSUMPTIONS:

The stated berefits are based upon current production experience and as such the following
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assumptions apply:

1. Future missile system technologies will lend themselves to automatic fault isolatiom
techniques.

2. Procurement quantities will be sufficiently large that the implementation costs of
avtomatic fault isolation equipment can be cost effectively amortized over the
production run.

PARTICIPANT'S NAME AND TITLE,

CCMPANY NAME

ADDRESS AND TELEPHONE NUMBER

HUGHES AIRCRAFT COMPANY J. L. FARNSWORTH

MANAGER, PRODUCTION ENGINEERING
HUGHES AIRCRAFT COMPANY

P. 0. BOX 11337

TUCSON, ARIZONA 85734

SRR, T T Bl JATIeR R NG TR b1 il Y “‘?’"‘k‘&,w‘ X

(602) 294-5211 ~ Extension 6861
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TITLE: Mamufacturing Technology Project to Develop a High Rate Automatic Handling and
Testing System for Non-axial Lead Components

SYSTEM/PANEL AREA/COMPONENT:
TOW, HELLFIRE, U.S.-ROLAND/Test Equipment/Components

PROBLEM:

In low cost, high rate missile production programs tiiere exists a need to test active
circuit components, DIP's, OP-AMP's, transisiors, etc,; 100% for removal of defective
parts prior to installation into the next assembly, Sample testing is not totally adequate
to carch sufficient quantities of defective parts when applied to high volume production
programs. An automatic non-axial lead test system would be less costly to implement and
maintain over the life of a high wolume production program than the costs incurred in de-

tecting, isolating, and replacing the defective components after installation into more
complex assemblies,

PROPOSED SOLIJTION:

This Manufacturing Technology Project will investigate sources of high rate non-axial lead
component handling and testing equipment, This project would include the development of a
system for handling, orientating, and actively testing non-axial lead components in the
quantities experienced in the TOW production < 1d those expected in the quantity production
of HELLFIRE and U.S.~ROLAND systems,

The major tasks to be accomplished by this project would include the definition of a
prototyp~ test system and the pilot production usage of this system to develop maximum
efficiennny and cost data for use in analysis of applications for existing or future
missile programs,

PROJECT COST AND DURATION:

Estimated costs are as follows:

1. Define system requirements $35,000
2. Research existing non-axial lead test systems $8,000
3. Design and fabricate a prototype test and handling system $130,000
4, System evaluation and development $10,000
5. Cost data analysis for efficient applications 10,000

TOTAL 5193,000

Estimated project duration is 16 months.

BENEFITS:.

Benefits to be derived from this project are a substantial reduction in the cost of test-
ing missile assemblies, which contain non-axial lead components, and the decrease in costs
required for fault isolation and replacement of faulty components, This should result in
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a reduction in recurring manufacturing costs of 1% per missile.

ASSUMPTIONS:

e ws’.-pdf"ff*g"h it

e

The stated benefits ars based upon current production experience and as such the following
assumptions apply:

e adTals

- 1. Future missile system technologies will lond themselves to an automated non-axial lead
component test system.
K
; 2. Procurement quantities will be sufficiently large that the implementation costs of an
antomated non-axial lead test system can be cost effectively amortized over the pro-
ducticn run,
3. Component test instrumentation currently available at the Tucson Manufacturing Divisiun
will be used to support this task,
PARTICIPANT'S NAME AND TITLE,
COMPANY NAME

ADDRESS AND TELEPHONE NUMBER _

HUGHES AIRCRAFT COMPANY J. L. FARNSWORTH

MANAGER, PRODUCTION ENGINEERING
HUGHES AIRCRAFT COMPANY

P. 0, BOX 11337

TUCSON, ARLZONA 85734

(602) 294-5211 - Ex*ension 6861
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TITLE: Mamufacturing Technology Project to Test Electronic Components at Temperature
Extremes

SYSTEM/PANEL_AREA/COMPONENT:

TOW, HELLFIRE, U.S.-ROLAND/Test Equipment/Components

PROBLEM:

Due to the costs associated with using conventional envirommental testing techniques most
electronic components are "accepted" for mamufacturing use based on lot sample test re-
sults, While this statistical sampling method assures that the majority of components
released to production do meet specification, it also assures that a finite quantity do
not. These faulty components are only identified after assembly, either during test or
in the field. The cost of detecting, isolating and correcting tiese component failurcs
this late in the product life cycle is high. A cost effective high rate envirommental
test system for electronic components does not exist.

SOLUTION:
Develop an environmental test system which is economical to operate under high rate con-
ditions and is capable of testing electronic componeats at temperature extremes. The

development of this system would involve the following efforts:

1. Define the requirements of the test system and each of its elements, i.e.,test rates,
component mix, measurement capabilities, temperature extremes, target operating cost.

2. Implement a prototype of the test system,

3. Pilot usage of the prototype test system to develop cost-benefit data to determine ap-
plication trade-off criteria as a function of: component type, component usage, prod-
uct complexity, product reliability, etc,

PROJECT COST AND DURATION:

Estimated costs are as follows:

1. Definition of system requirements $30,000
2. Design and implementation of prototype test system §125,000
3., Testing and cost-benefit analysis of the prototype system 515,000

TOTAL $170,000

Estimated project duration is 18 months,
BENEFITS:

in addition to reducing wisSsile ille cycie cost and wproving field reliabiiivy tiw io-
duction in recurring missile manufacturing cost is estimated to be 1%,
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i The stated benefits are based upon current production experience and as such the following
¢ assumptions apply:
)
3 ! 1. Future missile systems willL have envirommental and reliability requirements equal to
; ] or more stringent than current missile systems.
h ! 2, Missile electronics will be at least as complex and performance criteria as high as
g they are on existing missiles,
; ! 3. Component test instrumentation currently available at the Tucson Manufacturing Division
: ‘ will be used to support tiis task,
3 PARTICIPANT'S NAME AND TITLE,
§ COMPANY NAME ADDRESS AND TELEPHONE NUMBER
? ¢ HUGHES AIRCRAFT COMPANY J. L. FARNSWORTH
3 ! MANAGER, PRODUCTION ENGINEERING
: 1 HUGHES ATRCRAFT COMPANY
{ P. 0, BOX 11337
! TUCSON, ARIZONA 85734

(602) 294-5211 - Extension 6861

137




TITLE: Manufacturing Technology Project to Develop Methods of Measuring Missile Weight
and Center of Gravity

SYSTEMS/PANEL, AREA/COMPONENT

TOW, U.S.~ROLAND, HELLFIRE/Test Equipment/Assembly and Test

PROBLEM:

All missiles currently being manufactured at HAC Tucson and anticipated future missiies
require the measurement of weight and center of gravity of the complete missile and its
component subassemblies. This is usually accomplished by measuring the unit's weight and
moments about its three axes, relative to some location on the missile, then dividing the
moments by the weight, to determine the center of gravity location, The weight of the
unit is obtained by weighing on a scale., Depending upon the accuracy requirements, two
techniques are used to make the moment measurements: 1) Direct type open loop method,
and 2) Null balance method (for most accurate requirements). Both methods use a single
axis balance table that measures unbalance moments gbout one axis at a time, This re-
quires positioning the unit on the balance table such that the moment about each axis is
measured separately, The center of gravity is then calculated by manually entering the
weight data and moment data into a calculator three separate times. This results in
large test times and possible tester error in reading and entering the measured parameter
into the calculator,

PROPOSED SOLUTION:

This study proposes the development of a two axis system that simultaneously weighs and
determines the center of gravity of the unit in twn axes and displays the results in a
DW or Printer.

This program activities comprise:
1. System analysis and math model
2. Precision flexure conception and development
3. Displacement transducer selection and evaluation
4, Computation system
a, Analog -~ if one measurement per axis is required
b, Micro-processor - if multiple measurement averaging is required
5. Error analysis

6. Breadboard and evaluation

PROJECT COST AND DURATION:

Estimated costs are:
1. System Anslysis and Math Model $17,000

2. Precisior flexure conception and development $8,000
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3. Displacement transducer selection and evaluation

WIARY

&

Computation system

TR

5. Error analysis

6. Breadboard and evaluation

RORSTS ITH

>

Estimated project duration is 12 months,

BENEFITS:

¥
TP T LIGY PP BP0

Benefits to be derived from this project are:
- i 1, Reduction in total missile test time

2. Reduction in possible tester error

Lo

ASSIMPTIONS:

measurements requirements continue as anticipated.
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COMPANY NAME

HUGHES AIRCRAFT C{-{PANY

L

2

i
¢
<
*
3
¥
¥
.
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$5,000
$25,000

$7,500

$24,000
TOTAL $86,500

45%

The benefits as stated are based upon past production experience and time study analysis
of existing sy‘tems, and are justified if the current trend in Weight and Center of Gravity

PARTICIPANT'S NAME AND TITLE,
ADDRESS AND TELEPHONE NUMBER

J. L. FARNSWORTH

MANAGER, PRODUCTION ENGINEERING
HUGHES AIRCRAFT COMPANY

P. 0. BOX 11337

TUCSON, ARIZONA 85734

(602) 294-5211 - Extension 6861
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TITLE: Mamufacturing Technology Project to Develop Accurate Methods of Measuring Medium
Range Leak Rates

SYSTEMS/PANEL,_AREA /COMPONENT :
TOW, U.S.-ROLAND, HELLFIRE/Test Equipment/Assembly and Test

PROBLEM:

Leak rates ranging from 107! to 1074 cc/sec are difficult to measure with any conventional
leak test equipment, This problem becomes more difficuit when these leak rates must be
measured under high rate production conditions.

The {\ P test method can be utilized for leak testing but has inherent problems. The
test time is inversely proportional to the magnitude of the leak, resulting in excessive
test times for small leaks. Slight temperature changes cause pressure fluctuations
resulting in instabilities,

The mass spectrometer test method is an accurate method for measuring small leaks from
107 to 10711 cc/sec, It must operate in a vacuum enviromment with the most common test
gas teing helium. Some materials outgas when placea in a vacuum resulting in excessive
pump down time that could damage the product. Helium gas pemmeates certain materials
used in missiles and is, therefore, limited in its utilization,

The =lectron capture detector has proven to be an effective instrument for qualitative

measurement of SF,, It has drawbacks in quantitative measurement due to the heaviness
of SF6 and the diéficulty of obtaining a homogeneous sample of test gas,

PROPOSED SOLUTION:

It is the intent of this proposal to investigate and determine ihe optimm method of
testing for leaks of this magnitude. Automatic sampling to teduce volume, use cf
orifices to control conductance, and proper vacuum level to coatrol outgassing could be
incorporated with a mass spectrometer tube to measure leak rates as large as desired.
Vacuum equipment such as thermocouples or ionization gauge tubes could be used to
measure low pressure changes since temperature effects are minimal in a vacuum. If
helium is not acceptable as a test gas, a spectrometer tube can be modified to measure
another gas compatible with the product such as argon, neon, etc,

A A P system could be designed that would work in a vacuum by using equipment mentioned
above minimizing the thermal expansion and conductivity,

The electron capture detector could be incorporated into a system that would perfom
quantjtative measurements by sampling., A chamber capable of mixing the trace gas and
background would be required.

The program would require procurement of detection components, pumps, valves controllers,
vacuum gauge tubes, raw materials, and miscellaneous materials. The program activities
would comprise:

1. Conceptual analysis

Z. Components selection

3. Error analysis
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‘ 4, Test plan
: : 5. Breadboard and evaluation
p .
3 . PROJECT COST AND DURATION:
y Estimated costs are:
! 1. Conceptual analyis $20,000
b 2, Components selection $55,000
3 1 3. Error analysis $8,000
’ ) 4, Test plan $11,000
;i 5. Breadboard ~nd evaluation 230,000
TOTAL $124,000

Estimated project duration is 18 months.

BENEFITS:
Benefits to be derived from this program are:
1. Achieved accuracy requirements

2. Reduced total assembly test timc by as much as 40%

ASSUMPTIONS::

Justification of this program assumes, continued storage of missiles in the present
conditions, the design of the subassemblies interfaces remaining unchanged and the leak
rate requirements contimuing in the ranges of current products.

PARTICIPANT'S NAME AND TITLE,
COMPANY NAME ADDRESS AND TELEFHONE NUMBER

HUGHES AIRCRAFT COMPANY J. L, FARNSWORTH
MANAGER, PRODUCTION ENGINEERING
HUGHES AIRCRAFT COMPANY
P. O, BOX 11337
TUCSON, ARIZONA 83734

(602) 294-5211 - Extension 6861
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T.tle: Manufacturing Technology Project to demonstrate the usefulness and advantages of
pattern recognition as a viable technology for automatic inspection,

System/Panel Area/Component: Test Equipment - mechanical parts and electronic assemblies
manufactured in large quantities.

Problem: Ccnsiderable costs are incurred in the imspection of critical parts and elec-
tronic assemblies which «re used in large quantities. 1In addition to the high labor
content in an operation of this type, the chance of human error because the repetitive
nature of the work fs high, s fact which can have very serious consequences. Qualified
inspectors are scarce during emergency or wartime conditions,

Proposed Solution: An automatic inspection device using the principles of pattern
recognition reduces inspection costs and the chance of human error, It is proposed
that a system be designed and built, programmable for inspecting different configura-
tivus of missile parts to demonstrate the feasibility of the application of pattern
recognition as an inspection tool, Commercially available components would be used
waerever feasible,

Project Cost and Duration: Estimated costs are as follows:

Design and construction of system $225,000
Evaluation and demonstraticn of system $ 75,000
Total $300,000

Estimated duration of the project 1s 24 months,

Benefits: Two extremely important benefits would be derived from this project ...
substantial reduction in labor content of parts inspection
virtual elimination of human error Ln iunspection cycle.

Assumptiong: The major suppliers of missiles and spare parts can be convinced of the
economic advantages derived irom the use of the inspection system,

COMPANY NAME PARTICIPANT'S NAME, ADDRESS AND PHONE
Westinghouse Electric Corp. J. C. McVickers, Director

Production Technology
Pittsburgh, PA. 15235
412-256~-7456

Alternate

F. J. Michel, Manager
Special Projects
Production Technology
Pittsbr =gh, PA 15235
412-256-3548
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: INVESTIGATION OF INTERFACE TEST ADAPTER FOR
% MULTILAYER CIRCUIT BOARDS

f

i

} . James O'Brien

The Boeing Company

Seattle, Washington 98124

SYSTEM/SESSION AREA/COMPONENT

All Systems/Test Equipment/Printed Circuit Boards

PROBLEM

It is necessary to perform In-process continuity, insulation resistance, and dielec-
tric strength tests on bare printed circuit boards prior to assembly of comporent elec-
tronics., At present, this requires the decign and fabrication of a special test adapter
for each board configuration. This is a non-recurving manufacturing cost which becomes
rapidly more significant with decreasing test quantities.

PROPOSED SOLUTION

A universal adapter would seem to be rhe ideal solution; one which, with minimum time
and effort, could be adapted to fit any board configuration. However, there are many

problems to this approach which require investigation before it can be said that this is a
feasible solution.

A most cost-effective solution may be to streamline the present design and develop-
ment of special test adapters. Present technology exists in the computer aided design and
computer aided manufacturing fields which might well be adapted to this purpose.

The purpose of this project would be to investigate these alternacives and develop a
working prototype of the most pratlcal one.

PROJECT COST AND DURATION

Engineering Effort $50,000
Materials 3,000
TOTAL $53,000

Estimated duration of the project is 12 months.




BENEFITS

Our current inrerface adapters cost between $2,000 and $4,000. In addition, we
expend another $3,000 to $4,070 to generate a test program. All the Interfacing data
required to design an adapter and to prepare a test program is in our com, uter aided design
data base. It is possible to develop a test adapter concept and a software package which
could save $4,000 to $7,000 for each multilayer board type.
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EVALUATION OF CABLE TESTING METHODS

James O'Brien
The Bo2ing Company

Seattle, Washington 98124

SYSTEM/SESSION AREA/COMPONENT

All Systems/Test Equipment/Wire, Cables, and Harnesses

PROBLEM

There is much concroversy conczrning the testing of wires, cables, and harnesses.
The problem areas concern what test methods are really necessary to detect faults and
could present test methods causs dielectric degradation under certain conditions. The
limits of testing and the resuits of overtesting need to be delineated.

PROPOSED SOLUTION

A review wonld be made of all applicable iiterature on the subject. Manufacturers
of wire and cable and rf military products will he contacted. The review will result in
a report which will summarize the current state-of-the-art in cable testing. It would
recommend improved methods or point out areas where present knowledge is lacking and in
need of further research.

PROJECT COST AND DURATION

pata Collection 2nd Fvaluation $12,000
Repor: ireparation __4,000

TOTAL $16,000

The duration of the study would be four montas.

3ENEFITS

Present Level I testing (go-no-go continuit., short circuit, insulation resistance)
takes approximately 1.2 hours for a typical 100C path circuit. Increasing the tesc¢ com-~
plexity to Level 2 (continuity with measured resitance values, dielectric withstand,
insulation resistance, capacitance, and VSWR) increases the test time for the same circuit
to approximately eight hours.
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Since it is not always clearly understood just how much testing is required to prove
a circuit, it is probable that many circuits are overtested just to be "sure'". As can be
seen from the "typical” circuit example, any extra testing adds significantly to test time
and cost. A better definition of cable testing methods and requirements would help to
avoid the high costs of overtesting.
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AUTOMATIC ADAPTIVE CONTROL PRINTED
WIRING BOARD PLATING SYSTEM

>
[
ﬁ

R. R. Schulze

Hughes Aircraft Company
Fullerton, California 9263k
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4 SYSTEM/PANEL A&eA/COMPONENT

!

< Various/Test Equipment/Printed Circuits.

!

f PROBLEM

H Many varisble parameters are involved in the electro-piating of PWBs, e.g., solution
4 type, purity, temperature and contaminants; plating current density; PWB nattern density

and distribution; cleaning solutlons and rinses; time in solution; time out of solution; etc.
To meintain overall quality of the finished PWB, very tight tolerances must be maintained

on eack parameter., If a parameter drifts or ages, the entire process must stop until that
parameter is brought back into tolerance, or some other parameter(s) must be changed to
compensate.

- o g

Secondly, since plating sequences vary between part numbers and/or customers, the

small lot production facility must ".e-tune" each time a different part type is processed.
PROPOSEL SOLUTION

A computerized system which monitors and controls the many parameters of the total
plating operation. It must be adaptive, i.e., it must be capable of controlling one or
more parameters tc compensate for drift or variance in other parameters.

The principle effort is the development of an algorithm, programmed and executed in an
inexpensive local minicomputer,

PROJECT COST AND DURATION

Estimated costs are:

Design, Code and Testing $250,000

Pilot Implementation 150,000
Total $400,000

Duration of this project is estimated at 24 months.
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BENEFITS
Benefits to be derived from the successful completion of this pr.ject are:

Better quality FWBs.

Lower PWB costs by reducing labor and scrap.
Incressed productivity.

Can be implemented in large or small shops alike.

ASSUMPTIONS

The stated benefits assume the availability of in-tank sensors and controls for
detecting and maintaining plating parameters.

If the plating operation is to be completely automatic, it also assumes a robot
material handling system.
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HEAT PIPES TN HIGH POWER SEMICONDUCTOR DEVICES

Dr. K. S. Sekhon

Hughes Alrcraft Company
Fullerton, California 92634

SYSTEM/PANEL AREA/COMPONENT

“arious/Test Equipment/Environmental Control.

PROBLEM

Advances in semiconductor technoclogy have opened the way for higher speed circuits
and higher component density, resulting in higher temperatures which adversely affect the
switching time, frequency response and reliagbility of the device. These thermal consider-
ations are limiting the epplication of further developments in semiconductor technology.
Heat pipes, which use an evaporation-condensation cycle of a fluid powered by capillary
forces to transfer thermal energy, provide an alternative method for cooling high power
density devices by direct cooling of the semiconductor chip. Hughes-Fullerton has de-~
veloped such a heat pipe for use in cooling power transistors. In & ctudy for the United
States Army Electronics Command (Contract DAMDZOT-72-C-0021) Hughes located heat pipes
directly on the chips of 2N5701 transistors operating at 76 MHz. The heat pipe dramatically
lowered the operating junction temperature as the report fully documents. Test data shows
that the thermal resistance was cut by 80%. A significant increase in chip reliability re-
sults from decreased temperature. The heat pipe cooling technique is not limited to mega~
Hertz devices, but can be extended to gigaHertz devices with still smaller chips. The
mnajor problem with the incorporation of a heat pipe into a high power semiconducter is the
cost. The mamifacturing costs have to be reduced significantly to make use of the already
developed heat pipe technology.

PROPOSED SOLUTLON
The purpose of this project will be to establish cost effective production techniques
for the manufacture >f heat pipes integral to semicunductor devices, Primary emphacis will

be placed on the following items:

® Establish manufacturing techniques for wick attachment, shell fabrication
and shell bonding.

o Establish a vacuum/fill station for high volume production,
o Establish a test station for thermal and dynemic performance verification,

® Procure necessary equipment for production procedures.
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e Execution of a typical production run for verification of quantity pro-
duction techniques.

This project will reduce the cost of manufacturing heat pipes for semiconductors from
$750 per device to $35 per device.

PROJECT COST AND DURATION

T T T r T b T T TRy A T L

Pilot Equipment Design $85,000
Pilot Equipment Febrication 55,000
! Pilot Equipment Installation 10,000
3 Pilot Production and Technical Date _15,000
‘ Total $165,000

; Estimated duration of the project is 12 months.

BENEFITS

Benefits to be derived fram project are a reduction in recurring costs to incorporate
heat pipes in high power semiconductors. It is anticipated tha: this project will reduce
the manufacturing costs from $750 to $35 per device. PFurthermore, it will:

e Meke available techniques, procedures and data for the quantity production of
high thermal efficiency semiconductors utilizing internal heat pipes.

e Establish manufacturing methods and data to meet the requirements of high
power density R.F. semiconductors used in current and future electronic
systems. The application of heat pipes to semiconductor devices is not
limited to one type of chip or package configuration, but can be used for
eny sealed package device provided that the wick and fluid are chemically
and electrically compatible with the semiconductor.

® Result in a significant increase in production rates and cost reduction.

ASSUMPTIONS

The stated benefits assume that a heat pipe/semiconductor production facility will
be set up and optimized. It also is assumed that production rate would be 250 devices/
month.
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PROBLEM

5 ¥
3 2
: K
8 ) CONTROL PARAMETERS FOR THE TIN/LEAD
§ ? PLATING AND FUSING OF PRINTED WIRING BOARDS
3 3
] ¥
i £
3 ¢ J. R. Kubik
%
3 % HUGHES AIRCRAFT COMPANY
3 i Fullerton, California 92634
N o
: ;
- ii
: b SYSTEM/PANEL AREA/CO.PONENT
E v Various/Test Equipment/Printed Circuits,
3
. :
3
3

Parameters and techniques for plating and fusing of tin/lead coeted printed wiring
boards (PWBs) are not currently established per military documentation which results in
low yield production and less reliable electronic assemblies,

R

The quality of any tin-lead deposit is dependent on many factors, e.g., a receptive
clean metallic substrate, plating bath control, purity of anodes, bath impurity control,
micro and macro throwing power, optimization of alloy composition and brightener content.
Improper control of these factors results in poor solderability, etching difficulties, de-

wetting, and contamination, 211 of which impose problems in subsequent testing and produc-
tion operations.

Current tin-lead fusing of PWBs is accomplished by either hot oil or glycol type
liquids, hot air knife or infra-red processes. Each method has advantages and detrimental
aspects which require evaluation., These variations in the heating techniques can also
affect the solderability and wettability of PWBs which In turn can necessitate the usage of

more active fluxes. Post fusing cleaning techniques become very importsnt to assure freedom
from contemination,

PROPOSED SOLUTION
A program to investigate and establish limitations for process varisbles in both tin/
lead plating and fusing would alleviace many of the production yield and subsequent field
problems associated with PWBs. The work description for such a program is outlined below:

Tin Lead Plating

e Establish optimum copper surface preparation parsmeters for Sn/Po
receptivity,

e Identify optimum plating bath criteria (solution, anode, current density,
etc.) correlated to SEM and metallurgical data.

e Evaiuate maximum impurity levels of foreign ions (metallic and organic)
in plating bath,

g
:
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Establish criteris for Sn/Pb plating bath naintenance (testing, carbon
and flow current treatment, etec.).

e Relate all development to solderability of plated Sn/Ph.
e Provide data for military and guideline documentation.

Tin Lead Fusing

e Eveluate current fusirg processes (oil, hot knife, IR, etc.) in regard
to PWB types, effect on the PWB, solder sag, metallurgical aspects and
solderability.

e Evaluate effectivity and contaminate effect of various fluxes used for
fusing processes.

e Ascertain value, attributes and detriments of Sn/Fb preconditioners.

o Establish optimum procedures and criteria for post fusing cleaning
of PWBs.

e Supply data for military documentstion.

PROJECT COST AND DURATION

Estimated costs are as follows:

Tin lead plating $100,000,00
Tin lead fusing 90,000.00

Total $190,000,00

Estimated duration of the project is 24 months.

BENEFITS

rework, (d) higher production yield and (e) low production cost.

(i.e., lower production rate ana low average board costs).

Benefits to be derived from this project include (a) the standardization of critical
manufacturing methods and criteria for PWB fabrication, (b) improved reliability, (c) less

An example of savings for various systems is shown below, based on a 5% reduction in
manufacturing costs. The figures utilized are considered conservative for each system

Further savings would be realized if applied to other missile systems.
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SYSTEM SYS/YR PCB SAVINGS MLB SAVINGS TOTAL SAVINGS

PEKSHING 36 $ 20, 25 $ 3,870 $ 24,795

DRAGON 6000 99,000 22,500 121,500

STINGER 9000 121,500 22,500 144,000

TOW 6000 99,000 15,000 114,000

ATI 120 15,300 2,850 18,150

CHAPARRAL 3000 63,000 11,250 74,250
$i40, 69
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ASSUMPTIONS

A 5% reduction is assumed based on the average amount of labor and material costs
utilized in rework on rejection of boards due to improper solder.
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PRODUCTTON CLEAMLINESS CRITERIA AND PROCESSES FOR
PRINTED WIRING BOARDS AND ASSEMBLIES

J. R. Kubik

Hughes Aircraft Company
Fullerton, California 92634

SYSTEM/PANEL AREA/COMPONENT

Various/Test Equipment/Printed Circuits.

PROBLEM

Currently the military, through tne proposed MIL-P-XZXX printed wiring board assembly
(PWBA) specification, has imposed a cleanliness requirement prior to conformal coating.
This document, to be released shortly by DESC, allows the use of rosin activated (RA) type
fluxes on the condition that a solvent extract of the assembly meets an ioniec resistivity
value of no less that two million ohm-cm. The test method described is a procedure devised
by Bell Laboratories and modified by the Naval Avionics Facility, Indianapolis (NAFI). The
method has merit, but is not oriented to production use where the frequency of testing
necessitates simplicity and speed.

SROPOSED SOLUTION

The scope of this program will be to establish production cleanliness criteria ana
processes for PWBs and PWBAs.

The projected NAFI resistivity value was based on idealistically sized PWBs (not PWBAs)
representing an optimum size of ten square inches of surface with very little reliability
data correlatesble to a maximum lonic content that would degrade the electrical performance
of the PWB. Only a cursory irnvestigation was instituted on the solvent cleaning systems to
remove contaminants, lons and soils from the system.

PROJECT COST AND DURATION

Estimated costs are as follows:

Meterials $ 25,000.00
Eugineering Support and Technicel Data _120,000.00

Total $1k5,000.00

Estimated duration of the project is 24 months.
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BENEFITS

The documenta*ion resulting from this effort will relate to increase in reliasbility
of the PWBA and assembly service life. The net value will result in overall cost savings
by decreasing failure analysis, lowering replacement costs and reducing the quantity of
spare units. The cost saving resulting from these reductions is as follows:

CRARLEIN S TobE cer o ae 2ot ag

N o Reduction in failure anelysis: 1% of printed wiring board cost
; e Reduction in replacement cost: 2% of printed wiring board -ost
; @ Reduction in spare units: 2% of printed wiring board cost

e Total: 5% of printed wiring board cost

An example of cost savings for specific missile systems is given below. The figures

utilized are conservative (i.e., the lower production rates and low average printed wiring
board costs are used).

YACE£ Sade e Do e ot

SYSTEM SYS/YR PCB_SAVINGS MLB SAVINGS TOTAL SAVINGS
: PERSHING 36 $ 20,925 $ 3,870 $ 2k,795
DRAGON 6000 99,000 22,500 121,500
STINGER 9000 121,500 22,500 144,000
TOW 6000 99,000 15,000 114,000
ATI 120 15,300 2,850 18,150
CHAPARRAL 3000 63,000 11,250 74,250
$496,695

Purther savings will be realized if applied to other missile systems.

ASSUMPTIONS

It is assumed that successful completion and application of information gained from
an MMT program will result in & cost savings of 5% in printed wiring board fabrication by

reducing the need for failure analyses, replacement costs and spare units during fabrica-
tion.
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PRODUCTION CONTROL PROCESSES TO PREVENT PLATED-THROUGH-HOLE
CRACKING IN PRINTED WIRING BOARDS DUE TO "Z" AXIS EXPANSION

R. W. Korb

Hughes Aircraft Company
Fullerton, California 92634

SYSTEM/PANEL AREA/COMPONENT
Various/Test Equipment/Printed Circuits.

PROBLEM

The cracking of plated-through holes as a rasult of z-axis expansion is a significant
failure mode in multilayer printed wiring boards. This type of cracking is dve to the dif-
ferential expansion characteristics of epoxy glass laminates and copper plating. It is

normally observed after the solder fu51ng or reflow operation where the board has been ex-
posed to a temperature of 400 - 500°F.

Multilayer printed wiring boards supplied to MIL-P-55640 require thermal stress test-
ing which prohibits any ~vidence of fzacturesoof the ocopper plated holes after a ten second
solder float test in solder maintained at 550 F (288 C). At the present time many military

contractors are experiencing considerable difficulty and inconsistency in meeting this re-
guirement.

PROPOSED SOLUTION

Although the causes of plated-through-hole cracking appear to be well understood, the
remedy, i.e., to achieve sufficient ductility of the copper in the plated-through-hole, has
not beer established. Although there are several factors involved, ductility is basically
dependent upon the plating system, operating conditions and additives.

This project will develop, evaluate and establish the optimum manufacturing processes

and techniques required to plate multilayer circuit boards capable of consistently meeting
the thermal stress requirement of MIL~-P-556L0,

PROJECT COST AND DURATION

Estimated costs are as follows:

Analytical testing $29,000,00
Engineering manpower 21,000.00

Total $120,000.00

Estimated duration is P4 monthe,
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BENEFITS

Benefit to be derived frbm this project is a reduction in recurring hardware costs.
This reduction is as follows:

Reduction in reject boards: 13% of printed circuit board cost.

An example of coust savings for specific programs is shown below. Figures utilized
were lower production rates and low MLB manufacturing costs. This can be considered con-

% servative,

‘ SYSTEM SYS/YR MLB SAVINGS
PERSHING 36 $ 10,062
DRAGON 6000 58,500
STINGER 9000 58,500
TOW 6000 39,000
ATI 120 7,410
CHAPARRAL 3000 29,250

$202,722

Further savings can be realized if applied to other missile systems.

ASSUMPTIONS
Currently, PTH cracking is one of the factors causing high rejects on MLBs, It is

assumed that a considerable reduction (137) iu rejects will occur with successful comple-
tion of this program.
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OPTIMIZED SOLDERING TECHN1 WES FOP
PRINTED WIRING BOARDS AND ASSENM3LTES

J. R. Kubik

Hughes Aircraft Company
Fullerton, California 9753h

SYSTEM/PANEL AREA/COMPONEIT

Various/Test Equipment/Printed Circuits.

PROBLEM

The soldering of components to printed wiring boards (PWBs) continues to be a probler
in the fabrication of highly reliable printed wiring board assemblies (PWBAs). Due to the
requirements invoked and certain limitations Lnposed on the prccess, high production costs
are incurred due, in many cases, to rework. Two factors greatly affecting the fabrication
and assembly +f PCBs are (1) the flux used and subseguent cleaning end {2) the component
lead solderability. Presently, the use of RA fluxes is not permitted by military specifi-
cation, however, RMA fluxes (which are permitted) do not always provide adequate cleansing
action, thus effecting solderability. On the other hand, using an RA flux can result in
corrnsion during service if the assemblies are not cleaned adequately subsequent to solder-
ing. An added variable is the difference in component lead solderability., Certain leads
require special pre-tinning prior to a given solder assembly process, thus adding cost to
the program.

PROPOSED SOLUTION

The project would provide a study of the two primary problem areas, (1) a study of
corrosion effects of fluxes on PWBAs and (2) a study covering the standardization of com-
ponent lead materials. By perfoerming a controlled study of the corrosion effect from
various classes of fluxes, the procedure for post flux cleaning can be established to pro-
vide highly reliable boards and assemblies. The study would also delineate specific clean-
ing procedures for the various fluxes. Concurrently, the study to cover standardization
of component lead materials would also alleviate the necd for various fluxes.

PROJECT COST AND DURATION

Estimated costs are as follows:

Corrosion effects of fluxes $125,000.00
Standardization of component leads 75,000.00
Total $200,000.00

Estimated duration of project ir 24 monthe,
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BENRFITS

Benefits derived from this project are a reduction in fabrication costs for PWBAs
in all military systems using soldered PWwBs and PWBAs.

It is anticipated 2% of assembly costs will be saved. An example of cost savings
for specific missile systems is showm below,

SYSTEM SYS /YR ASSEMBLY SAVINGS
, Pershing 36 $123,984,00
Dragon 6,200 600,000.00
Stinger 9,000 720,000,000
TOW 6,000 576,000,00
ATT 120 90,720.00
Chaparral 3,000 372,000.00
$2,482,704.00

Additional cost savings will be realized if applied to other systems,

ASSUMPTIONS

It is assumed that successful completion of this program will reduce rejection
rates and vework costs of PWBAs by 2% of total cost.
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PRODUCTION PROCESS FOR REMOVING EPOXY
SMEAR IN PLATED THROUGH HOLES (PTHs)

R. W. Kord

Hughes Aircraft Company
Fullerton, California 92634

SYSTENM/PANEL AREA/COMPONENT

Various/Test Equipment/Printed Circuits,

PROBLEN

A major cost factor in producing high relinbility printed wiring hoards is the re-
noval of epoxy smear prior tc plating the through holes. The most efficient present
method is rapor honing using specially designed machines. Present equipment, however, is
limited b, hole diameter to board thickness ratio. Consequently its effectiveness is
reduced in high density boards used in missile systems. Also the process causes an elouge-
tion of the boards which creates registration problems in high density cluse tolerance
clrcuits. Typical board growth on a machine specifically designed for printed wiring
boards is 0.008 inch over a 20 inch length on the first pass. This distance increases to
C.01) inch on the second pass, C.Q0ll on the third and 0.012 on the fourth pass.

Present vapor honing machines are also partially dependent on close controls in drii-
ling and chemical cleaning which adds to the coct.

PROPOSED STIUTION

Hughes-Fullerton, Ground Systems Group, has desipred, built and tested a vapor honing
machine that directs an abrasive slurry through the bules without damaging the external
crpper layers. As a result, processing times ca. be extended tc enable heavy smear re-
moval witnout reliance on chemiecal cleaning ~r cloge controls o drilling. Processing does
not cause zny significant elongation of the printed «riring bosrd as found in couventional
equipment, Initial measurements show a erowth Lf 2.ly ~ 2705 inch over an 18 iach lensrth.
At the present time only a prot~type model 5€ the macline has been built. This machine is
t5% slow for production use, however, the initial results are excellent. It has dem.u-
strated <hat terceful passage - f an abrasive slurcy through the holes effectively rem-ves
epoxy smear. Further offort is required, however <t. iucresce the speed and effieil =oy f
the machine.
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PROJECT COST AND DURATION

Estimated costs are as follows:

Machine design
Machine fabrication
Pilot operation and optimization

$ 50,000.00
60,000.00
50,000.00

Engineering support and technical data  50,000.00

Total

$210,000,00

Tue duration of this project is estimuted to be 24 months.

BENEFITS

Benefit to be derived from this project is a reduction in manufacturing cost for
high density printed wiring boards. This reduction is as follows:

® Reduction in reject ports: 10% of hardware cost

e Reduction in processing cost: 3% of hardware cost

e Net reduction: 13% of menufacturing cost

An example of cost savings for specific missile systems is given below.

Conserva-

+ive figures were used in ottaining the data {i.e., lower production rates a~d low MIB

costs).

SYSTEM SYS/YE

Pershing 36

Dragon £,200

Stinger 9,000

TOW 6,000

ATI 120

Chaparral 3,000

MLB SAVINCS
* 10,062.00
58,500,00
58,500,00
39,00G 00
7,410,00
29,250.00

+202,722,00

Additional ¢~vings would be realized If applied to other missile systems.

ASSUMPTTONS

The stated benefits assume that a production machine will be developed capable of
processing 120 8" x 10" printed circuit brards per hour.
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UPGRADING AND STANDARDIZATION OF PRINTED WIRING
BOARD MATERIAL AND RELATED SPECIFICATIONS

J. R. Kubik

Hughes Aircraft Company
Fullert: 1, California 92634

SYSTEM/PANEL AREA/COMPONENT

Various/Test Equipment/Printed Circuits

PROBLEM

Primary and secondary documents applying tou printed wiring boards that are imposed
by the military require upgrading and standardization in order to provide more meaningful
coverage at a reduced cost, Although good basic specifications have been written that
cover most aspects of printed wiring boards, they require changes thet would not only
enhance their value, but result in better standardization and unifon ity in design and
manufacturing,

PROPOSED SOLUTION

A considerable amount of work has been done in the form of industry surveys relating
to current docunentation requirements. This work was performed under government contract
and identifies many areas where changes would be beneficial. These changes would be in
the form of refinements to existing requirements and the inclusion of coverage for items
not presently mentioned such as ancillary materials for staking, thermoconductivity, potting,
thermal mounting plates, flexible board systems, polyimide materials and microdevices.
There is also a need for standardization smong military specifications regarding design
allowables, use of type RA fluxes, solder fitting of interfaclal holes and guidelines as
to the use of pliant buffer materials on glass components. an overall program is proposed
to identify specific specification problems and recommend solutions.

PROJECT COST ANE DURATION

Estimated costs are as follows:

Engineering Review $89,000.00
Documentation 80,900.00

Total $16C,900,7

The estimated duration of the program would be 24 months.
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BENEF'ITS

TAVer & 1

This progrsm would provide more reliable printed circuit boards at & resduced cost.

It is anticipated that a 0% savings in circuit board costs would be realized. An
example of cost savings for specific missile systems is given below, Proiuction rates
and PCB costs used in the calculation are considered conservative,

WS TRAL P Rt ae ol PN YL

SYSTEM SYS/YR KB SAVINGS  MLB SAVINGS  TOTAL SAVINGS
Pershing 36 $ 8,370.00 $1,548.00 $9,918.,30
Dragon 6,000 39,600.,00 9,000,00 18,600.00
Stinger 9,000 48,600.00 9,000.00 57,600.00
TOW 6,000 39,600,00 6,000.00 45,600.00
ATI 120 6,120.00 1,1k0.00 7,260.00
Cheparral 32,000 25,200.00 .500,00

23,700,00

$198,678.00
Further savings would be realized if epplied to other missile systems.

ASSUMPTIONS

It is assumed that an overall cost savings of 24 in subsequent production would be
realized through successful completion of this program.




HEAT PIPES FOR CIRCUIT CARDS

br, K. S. Sekhon

Hughes Aircraft Company
Fullerton, California 92634

SYSTEM/PANEL AREA/COMPONENT

Various/Test Equipment/Environmental Control.

PROBLEM

Current and future advances in high power density microcircuits such as computer
memories, high power transistors, LSI wafers and other high perf..mance integrated cir-
cults will necessitate the use of sophisticated, but inexpensive cooling techniques. The
circuit card heat pipe, ulready developed by hughes-Fullerton, can meev tne current and
future ccoling requirement for high power density ~omponents. It can handle power levels
three to five times greater than those of existing cooling techniques and still maintain
uniform temperature over the euntire card. This circuit card heat pipe can be used when-
ever circvit card power densities exceed the limitetions of conventional convection and
conduction cooling techniques. Weight and space savings will result from consolidation of
the electvical components from several conventional cards ontc a single high power density
card with heat pipe.

tandard heat pipes for eircuit cerds have been developed and small batch quantities
have been manufactured. However, there is a gap between the present prototype production
and mass production to be cost effective. The present manufacturing method costs $400 per
heat pipe which makes production economically unattractive, Manufacturing methods can be
optimized to reduce this cost significantly to approximately $40 per heat pipe.

PRAPNSED SOLUTION
The purpose of this project will be to establish quantity production techniques for
circuit card heat pipes. Significant system cost reductisns will result when production
quantities ,f the circuit card heat pipes are manufactured. To reduce manufacturing cost,

primary emphacis will be placed on “he followiny items:

e %:stablish a wick attachment technique to replace the costly spot welding
nsed f .r prototype fabrication.

e Establish a low cost shell stampin. technique to replece the chemical milling
speration used for prototype favrication.

¢ HEstablish 2 chell bonding technique suitable f'or quantity productiocn,
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e Establish a vacuum/fill station for the accurate dispensing of small quantities
of heat pipe fluid to at least ten heat pipes at one time.

e Establish a test station for circuit card heat pipe performance verification un-
der dynamic conditions,

R Tt AU AT ")

¢ Exccute a short production run to verify established procedures,
¢ Provide data for fabrication specifications.
This project will reduce the cost of manufacturing heat pipes for circuit cards from

$400 to $U40 for each unit.

PROJECT COST AND DURATION

Pilot Equipment Design $100,000
Pilot Equipment Fabrication 30,000
Pilot Equipment Installation 5,000
Pilot Production and Technical Data 5,000

R, AN N TN B WS

Tocal $140,000

Estimated duration of the project is 12 months.

BENEFITS

The objective of this project is to make available techniques, procedures and data
for the quantity production of low cost, light weight, high thermal efficiency circuit
card heat pipes. This project is essential to establish manufacturing methods and data to
meet the requirements of current and future high power density electronic systems.

The application of circuit card heat pipes is not limited to one type of system, but
can be used whenever high power density and high packaging density circuit cards are re-
quired. This project wauld result in a significunt increase in production rates and cost
reduction. The current prototype manufacturing cost is $400/unit. With the establishment
of mass production engineering technigues characterized above, the manufacturing cost in
high volume is estimeted at $40/unit or a 90% cost reduction,

ASSUNMPTIONS

The statedl benefits assume that a circuit card heat pipe production facility would
be established i nd optimized. It is also assumed that the production rate would ve at
least 250 units per month,
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CONTINUQOUS MONITOR SYSTEM

Joint Industry/Army Conference on Missile Manufacturing Technology Test Equipment Panel,

INTRODUCT ION

This paper addresses itself to one of the problems of mass production of sophisticated
hardware: The problem of continuou, monitoring of the manufacturing prccess for the
assessment of the final product, The Continuous Monitor System enables the vast amount
of digital data generated during the production cycle of a product to be recorded and
stored for quality assurance and failure analysis,

The proposed equipment does not address itself to any one manufacturing process or any
missile system in particular, It is proposed as a capability which will enable new pro-
duction methods to be utilized by monitoring the production process so that ordnance can

be mapufactured and stored, confident that it will perform to specification when called
upon,

Problem Definition and Proposed Solution

Prior to the advent of the high density digital recorder, it was not nractical to simul-
taneously use large numbers of high resolution sensors because the amount of digital data
generated was too much for the on-line computers to handle, and the amount of magnetic
tape required to store the data for off-line analysis became unwieldy,

The Continuous Monitor System became a viubie product with the advent of the high density
digital recorder, The high density digital recorder will store data at a packing density
of 800 kilobits to the inch, At this packing density, it is possible to monitor 100 high
resolution sensors for 8 hours or 2000 high resolution sensors for 20 minutes, Whereas
this represents the maximum capability of the Continuous Monitor System, a typical system
is likely to monitor 100 channels of 200 Hz data for 8 hours with a 1% resolution, or

50 channels of the same data for 8 hours with a 0,1/ resolution, Another example is 100
channels of § kHz data monitored for 20 minutes with a resolution of 0,1% or the same
data monitored for 40 minutes with a 1/ resoltuion, From the above, it can be seen that
the Continuous Monitor System has considerable flexibility in its application,

Comparison with Conventional Methods

An example of present monitor methods is taken from the production of solid propellants,
Production of this material is monitored and due to the high frequency nature of the data,
the data is recorded in anaiog format on magnetic tape or with light sensitive paper, The
Continuous Monitor System is able to digitize these high frequency components and record
them in digital format for computer analysis,

The Continuous Monitor System records the data on magnetic tace, This enables the data to
be rapidly located and anaiyzed in a different time frame from that at which it was
recorded, As an example, 8 hours of »roduction monitoring can be analyzed in 20 minutes

and the data can be easily and permanently stored for tailure analvsis, should the need
arise,

A second exomple of how the Continuous Monitor Svstem ran raducs ~ic2'ig o3l is Lhel OF
ti.e 1ecordinyg and anaiysis ot data taken from the final checkout of a missile within its
silo, The Continuous Monitor System will enable 1000 or more parameters tc be simultane-

ously monitored and data analyzed in a faster or slower time frame at the discretion of the
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equipment officer, The Continuous Monitor System can also be used to program the checkout
of the installation with the checkout sequence recorded on the high density digital
recorder and the acceptance limits stored along with the checkout sequence for comparison
with the measured parameter,

- v ren s SERRURY YRR
.

Project Cost and Duration

The following estimated costs are for two (2) basic configurations: The first, Item A,

will provide for continuous monitoring of 50 high resolution sensors; the second, ltem B8,
3 will provide for the simultaneous monitoring of 1000 sensors:
:
¢ Item A
’
: Description Qty Cost/Unit Cost /Total
i
: Tape Transports 2 $25,670 $51,340
! Record Electronics I lot 15,000 15,000
; Digital Sig Input 1 lot 2,500 z,500
H
Qutput Filters | lot 1,000 1,000
System Engineering 50,000
Documentation NRE INC
Installation & Checkout INC
Total $119,840
Item B
Description Qty Cost/Unit Cost/Total
Tape Transport i $29,980 $29,980
Record Electronics I lot 30,000 30,000
Digital Sig Input 1 tot 30,000 30,000
System Engineering A 75,000
Documentation NRE INC
Installation & Checkout INC
Total $|64.980
The estimated duration of the project is 240 days,
COMPANY NAME PARTICIPANT'S NAME, AC" ESS AND PHCHE

Bell & Howell Anthony G, Fairfield

Datatape Division 300 Sierra Madre Villa
Pasadena, Californio 91109
213-796-9381




Title: Improved Microcircuit Reliability with reduced total cost by using
High Temperature QOperating Tests {(KTOT).

System/panel: area/component: ALY, MISSILES/Guidance and Control/Microcircuits

Problem: The many manufacturing and performance advantages of using microcircuits
are compromised due to either device reliability problems or the high cost of pro-
cegsing reliable devices., Both manufacturing and maintenance costs are increased
due to unreliable microcircuits,

Proposed solution: Miecrocircuit costs reflect material, labor and yield losses. The
major cost factors are created by the yield losses that occur after the labor intensive
assembly and test activities. The soluticn is to use HTOT testing techniques early

in the microcircuit manufacturing cycle. If successzful substantial device cost re-
ductions should be possible,

Project cost: Estimated costs are as follows:

Demonstration Experiment $600,000

Engineering Services for Microcircuit

Manufacturer Help and Facility Design 250,000
Total $850,000

Benefits: The benefits to be derived from this project are a reduction in recurring
hardware costs and a substantial improvement in device reliability. The cost re-
ductions are as follows:

INITIAL CONDITIONS:

Yield Baseline As Follows:

l.inear Chips - 30%
Linear Packaged Product - 6,67%
Digital Chips - 427
Digital Packaged Product - 407,

Cost: Chips Linear $.14 each
Digital $.07 each

HTOT $100 per wafer
Assembly & Test

Linear $1.65 each
Digital $1.11 each

SAVINGS : FINAL 7_SAVINGS
YIELD DIGITAL __ L;NEAR

207 - 49

40% - 75

60% 7 83

80% 30 87

99% 44 90
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2 3 Assumptions: Microcircuit final ylelds will Improve due to early HTOT testing as
% E follows:
; : Digital: 75 to 95% Yield
2 ; Linear: 40 to 75% Yield
4 .

; McDonnell Douglas Astronautics Company - East Mr. Mort Stitch

Dept. E-261

; Box 510

; St. Louis, Missour: 63166

i (314) 232-6662
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