L / AD=A0S1 220 PHILIPS AUDIO VIDEO SYSTEMS CORP MAHWAH NJ GOVERNMEN--ETC F/6 17/5
ADVANCED PRODUCTION ENGINEERING (APE) NIGHT VISION SIGHT INFRAR=-ETC(U)
DEC 75 DAAKO2=T73=C=0047

UNCLASSIFIED GSDR=-81TA=VOL=-2 NL
..‘“:l ; |IIIIIIIIIIIIIIIIII|IIIII|IIIII\IIIIIIIIIIIIIIIIII|IIIII|IIIII|IIII|| I

ok




"m .0 1 e

O
= flzs

I|||| L

lllll% I

CROC RESOLUTION TEST CHART
) OF STANDARDS 1963-A







Prepared for:
United States Aruy Mobility Equipment

Research and Development Center
ReD Procurement Office
Fort Belvoir, Virginia 22060

Authori zatio
Contract No.

of DAAKE2~73-C- 4047

CDRL No. A022

FINAL RELORT
_ADVANCED PRODUCTION ENGINEERING (ARE)

 NIGHT VISION SIGHT INFRARED, AN/TAS-3()s
i < = ONE 2. T
_APPENDICES .

GOVERNMENT SYSTEMS DIVISION
PHILIPS AUDIO VIDEO SYSTEMS CORP.

91 McKEE DRIVE, MAHWAH, N. ). 07430
TEL: 201-529-3800 TWX: 710-988-5348

A-NORTH AMERICAN PHILIPS COMPANY

@csoa-.-st A~ VAL ‘27)

December 3, 13/5

/' j 2 tz>aa; f7:5>//

DDC

MAR 15 1978

- — GUU G
/2 _1_72iu/7 MB




Prepared for:

United States Army Mobility Equipment
Research and Devclopment Center

R&D Procurement Office

Fort Belvoir, Virginia 22060

Authori zation:
Contract No.: DAAK02-73-C-0047

CORL No. A022

APPENDIX A
T0

FINAL REPORT
ADVANCED PRODUCTION ENGINEERING (APE)
NIGHT VISION SIGHT INFRARED, AN/TAS-3()

CATS STUDY REPORT

GOVERNMENT SYSTEMS DIVISION
PHILIPS AUDIO VIDEO SYSTEMS CORP.

91 MCKEE DRIVE, MAHWAH, N. J. 07430
TEL: 201-529-3800 TWX: 710-988-5348

A NORTH AMERICAN PHILIPS COMPANY

ACCESSION for

NTIS White Sestion
DOC Buft Section O3 P
UNANNOUNCTD ot

] TIFICATION
| : "Bk LETTER |

BY .. NEwroed
DISTRIBUTIONAVAI ABILITY CODES
Dist.  AvAlL. aio/or SPECIAL




»

|
|
-

Prepared for:
U.S. Army Mobility Equipment
Research and Development Center
R&D Procurement Office
Ft. Belvoir, Va. 22060

COMPUTER AUTOMATIC TEST SYSTEM

STUDY REPORT

PHIUP BR()-\DCAST F()HP\I&NI CORP.

GONERNAENT SYSTENISS PV ISTON
ONE PHILIPS  PARKMWAY  MONTIVALE N 07645
GSDR" 694

June 20, 1973

7 P
Prepared by ( i Reviewed by_ﬁ.‘. M

C. R. Pi, R. Vigne
Sr. Eleegﬂcal Engineer Sr. Electrical Engincer

” /
Y7 oy
é['/[ ','_‘/'jf_ T /

. R. Casam=nto
DRAGON Program Manager

Approved by lttt Approved by &
6 elt (
En l ering Spécialist




TABLE OF CONTENTS

s
.
o
-
:
o

INTRODJCTION TO CATS

1
N e

THEORY OF AUTOMATIC TEST EQUIPMENT
Basic CATS Configuration
CATS, Constraints

NN

e o 0

N — O

NN
1

TEST INSTRUMENTATION (HARDWARE)
CATS Hardware Configuration
Building Block Advantages
Building Block: Disadvantagzs
Dedicated Test Systems: Advantages
Dedicated Test System: Disadvantages
Test Accuracy Ratio (TAR)
Self Check Definition
Calculation of Mean-Timz-Between Failures (MTBF)
Vendor Services

1
NV EEFEWENN - -

)
ONO VI EFEWN—~O W oSNV STWN -0

COMPUTER AND °PERIPHERALS (SOFTWARE)
Compiler
Computer Subsystem
Digital Computer Hardware
Switching Matrix
Test Program Set (TP3)
Program Tape Validation
Testing Spsed
Digital Computer Specification

.
| !
FTWAON =t o

8
-

o R N -l o g WWWwWwWwwwWwwwww
L]

.
o
[}
ASa

TIME AND CO3ST OF COMPUTER AUTOMATIC TEST SYSTEM V,
MANUAL TEST SYSTEM

Manual Test Stations

Computer Automatic Test System

Comparison Between CATS and Manual Stations

.
WN e

3
3
3
3
3
3
3
3
3
3
L
L,
L
L
4
L
L
L
L
5
5
5
5

CONCLUSION
Advantages of Computer Automatic Test Systems
Proposed Cats

~ aoN O
-
Ne—e O

o

RECOMMENDATIONS




R B < i

¢
i
]
’ i

Appendix

LIST OF APPENDICES
Title
Instrumentation Specification

Electronic Functional Paramcters Tested
on DRAGON NVS

Detail for Time and Cost of Computer Automatic
Test System Vs. Manual Test System and Diagnostic
Programs, Diagnostic Programs

Tables 1, 2, 3 and &.




R e s g T

FOREWORD

\

quirements for an investigation of a Computer Automatic Test System (CATS),

This report has been prepared in compliance with the contractual re-

that can be used in production of the DRAGON Night Vision Sight AN/TAS-3( ).

The report consists of several scctionsi

(DiIntroduction to CATS )
() Theory of Computer Automatic Test Systems’
(Y Hardware Instrunentation,

‘Computer Subsystem )
'Time and Cost Analyses of a Manual Test System
~versus an Automatic Test System)

A Ys, o

LA

7
N

QQ;COnclusions,
.

:
\ ‘kecommendatlons‘
It should bc noted that although this report descrihes a system to test
tha DRAGON NVS the hardware described herein can be used for other night view-

ing systems (i.e., Handheld Viewer, TOW, FIRTI) with a minimum software effort.

—_—
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I, INTRIDJUCTION TO CATS

The purpose of this report is to cover all the salient facts con-
cerning computer automatic test equipment which can be used in the produc-
tion of the DRAGON Night Vision Sight AN/TAS-3( ).

This report concentrates on the following:

a) Multi station computer driven test
instruments.

b) Source programs that shall consist i
of End-to-End testing.

Sections 2.0 through 7.0 discuss the following.

2. THEORY OF AUTOMATIC TEST SYSTEMS

A brief introduction to the philiosphy of automatic testing and the
definition of some terms.

3. TEST INSTRUMENTATION (HARDWARE)

This section specifies the requiremants for the measurement and stimulus
equipment and discusses trade-offs between a dedicated system and a building

block approach.

b, COMPUTER AND PERIPHERALS (SOFTWARE)

This section specifies the minimun computer requirements, including
peripheral support equipment, and provides insight into software programming.

5. TIME VERSUS COST ANALYSIS

This section compares the timz and costs to perform systems tests on

an Automatic System versus a Manual Test System.

6. CONCLUSION

Advantages of a Computer Automated Test Set are discussed. :

7. RECOMMENDATIONS




2.0 THEORY OF AUTOMATIC TEST EQUIPMENT

i A CATS system is a grouping of modified measurement and stimulus in-

struments confiqured so that they are remotely programmable and capable of
E responding to a Test Program Set (Software package).

2.1 Basic CATS Configuration

Basic requirements for configuring an Automatic Test System are:
2.1.1 A computer or controller that directs and controls the testing
process, as well as interpreting and evaluating test results.
2.1.2 Stimulus devices such as power supplies, signal genzrator, or
pulse generator that can be automatically programnzd to provide
required amplitudes, pulse widths, frequencies, and other inputs
required to perform testing.
2.1.3 Measurement devices that can be programmad over the required ranges
and scales needed to carry out testing.
2.1.4 A switching device to interconnect (under program control) the Unit
Under Test (UUT) to the propzr stimulus and measurement devic-s,
‘f 2,1.5 Peripheral devices such as printers and displays to provide a man-
machine interface to the degree required by the user. The sophistica-
;f : tion of the peripheral device will depend greatly upon the use for
which the test system is plannad.
2.1,6 Tape reader or equivalent device for loading the UUT program into
1 memory. The requirements placed upon this unit also depend on the

test system's use. If the system is required to test a small number
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of units it may be possible to keep all the UUT programs resident
in core memory. As the number and size of the UUT's become larger
it becomes necessary to store these programs on some medium and read
them into the test system as they are required.
2317 Test program set. A test program set consists of the following:
2.%.7.) A computer program, such as a tape, to direct the testing operations.
2.1.7.2 A booklet or manual that describes to the station operator (produc-
tion tester) how to operate the test station.
2.1.7.3 An interface device. This is a unique piece of hardware that mates
the Unit Under Test to the patch panel of the computer.

2.2 CATS, Constraints

As in manual operations, a testing procedure must be devised to
monitor the functions or parameters of a UUT under automatic testing. The
additional constraints that automatic testing imposes are that the software pack-
age must implement this testing procedure, keeping in mind that the software
package must be debugged and verified as an entity. This verification must
take place on a station or a computer simulated station. It should also be
noted that these tapes must be verified on a test station whose hardware con-
figuration is capable of supplying the stimuli, measurements and loads.
Therefore, true automatic testing is not just automating a manual

test set.




3.0 TEST INSTRUMENTATION (HARDWARE)

The test instrumentation represents the equipment/subsystem that is
required to stimulate and measure the Unit Under Test (UJT). This section
will not investigate hardware for the computer subsystem, switching subsystem,
and interface devices. These three sutsystems will be discussed in Section 4.0,
Computer and Peripherals,

The several stimulus and measuremant instruments with thzir respective
specifications are described in Appendix A.

3.1 CATS Hardware Configuration

The testing instrumzntation is ganerally configured as one of two
types of systems: building block or a dadicated system,

3.1 Building Block

A building block configuration is cowprised of separable functional
elemznts joined to operate as a system. For example, if thzs test system multi-
mater were removed from the system, the multimater could still perform its func-
tion of making measurements under manual control. Thus each elemant can opsrate
indepandently of the remaining system z2lements as an antity,

3.1.2 Dedicated

A dedicated or integrated configuration is dasigned specifically for
a given task or class of tasks. The elemants of this type of system, whan separ-
ated from the system itself,. cannot be used to provide characteristic system
functions as they do wheﬁ connected within the test system. The dedicated con-

figuration is usually built about some selected computer that provides control
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and analysis; it contains standard man-machine interfaces such as visual
display, printer and keyboard.

The following is a comparison batween tn2 building block and dedi-
cated hardwvare configurations, with the advantages and disadvantages of both.

3.2 Building Block Advantages

3231 There is a wida selection of vendors fron whon to select the
test system building block componants, This allows the user-
developzr, configuring a building block CATS, to select the com-
ponents of the system to meet the test requiremants.

32,2 By its very nature, a building block automatic test system is
capable of extensive modification (through addition and deletion
of componznts). This is not possible with a dedicated syst==.

§eL 3 Purchasing functional elemants eliminates system design and
dcovelopment costs. The price paid for off-the-shalf componants
contains vandor development costs that are distributed over many
units, thereby reducing the unit cost.

3.2,h For any given building block component a vendor can usually bz
chosen whose expartise in dasiga and davelopmant exceeds all other
competitors.

3.3 Building Block: Disadvantages

3.3.1 Development of building block CATS includes an initial engineering
outlay for integration. Among the problems that can be expected
are grounding, £MI, timing and loading. These problems are not

difficult to solve, but must be considered.
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3.3.2

3.3.3

o3

3.4
3.4,1

3.4.2

3.4.3

Since the building blocks selected are designed for general pur-

pose application, they will have capabilities beyond the require-
ments of the test system itself. This incfficiency of unused capa-
bility invariably leads to reduced system reliability due to the
presence of unnecessary failure mode candidates,

Because building blocks are not specifically packaged for use in a
system environment, a great deal of space is required. In addition,
by placing the building blocks in an enclosed environment, special
cooling requirements may arisc.

Maintenance requirements are increased because most building block
CATS are not designed to be automatically self checked. Usually,
once a fault has been identified within a building block, only

manual test techniques exist to complete the diagnosis.
Dedicated Test Systems: Advantages

A dedicated or integrated system is generally smaller in size than a
building block system. Also, since the dedicated modules are designed
for their enclosed environment, thermal considerations have been

taken into account.

Efficiency of a dedicated system is high because it contains only
those functions required for the testing process. Therefore, since un-
needed circuit functions are eliminated, system reliability increases.
By its nature, the design of the dedicated test system lends itself
to automated maintenance techniques. This is because modular design
inherently has a large number of internal monitoring points avail-
able for scelf-diagnosis. The availability of these additional test

points allows for the design of a self-test program.

3=3




3.4.4 Time to troubleshoot and repair a dedicated system is shorter. This

is due not only to the greate  precision with which a failure can
be identified but the system's modular, self-check nature lends it-
self to rapid removal and replacement of the suspected element or
elements,

3.4.5 When testing requirements are unique (i.e., optical or infrared
testing) or when it is necessary to check uncommon UUT parameters,
a dedicated system may be the only automatic solution,

3.5 Dedicated Test System: Disadvantaqes

3. 5.1 The development cost of a dedicated CATS requires broader experience

and knowledge in the area of automatic test equipment. lmproperly

or inadequately specified equipment will eventually reduce the cost
effectiveness of the CATS.
3.5.2 Modification of the dedicated system is possible but redesign is ex-
pensive and sufficient space may not be available to incorporate
g necessary changes.
é £ el PR 1f the computer subsystem of a dedicated system fails, the station

becomes totally inoperative. |

1 3.6 Test Accuracy Ratio (TAR)
The integration of an automatic test system (building block or dedi-

cated) presents special problems to the Automatic Test Engineer. All stimulus or




measurement specifications are usually only valid at the output of the module
of building block and not at the interface of the CATS and ths UUI. Conse-
quently the accuracy of thz2 measurement or stimulus can b2 seriously degraded
due to the interconnecting cables and switching path. To circumvent this
problem a Test Accuracy Ratio (TAR) is establisha2d. This spacifies thz ratio
of testing tolerances at the interface to those testing tolerances at the
instrunents. The object is to obtain parameters, from tha interface to the
instrunents, that are as close to 1:1 as possible. This should bz taken into
account wnile preparing thz Test Program Set (software). Thz test accuracy
ratio of any stimulus instrument can ba improved by providing remote sansing
of the output at the interface of thz CATS and tha UJT. This is accomplishad
by running a wire from thz interface junction back to a high impadance ampli-
fier in tha stimulus wnich will automatically adjust th2 output to compen-
sate for lines losses and loading, An alternative method of improving the TAR
is to return thz stimulus remote ssnse lines back to a measuremant instrunant,
The valuz of thz stimulus is than verified by a measuring instrunant whose
accuracy and precision exceeds that of the stimulus. This capability is cus-
tomized in the building block system integration, wnile this is usually a
built-in feature of a dedicated system. In any event the Yemote sensingy pro-
cedure must be incorporated wnhile preparing the test program.

3.7 Self Cheack Definition

It is logical to assume that measurement as well as stimulus instru-
ments are periodically calibrated to ensure their accuracy. It is, therefore,

imperative that the CATS incorporate an auto chack or s2lf check procedure.




Prior to the start of each day's work or of a particular test run the mecasure-
ment instruments will chack thamselves to ascertain whethar thzy are operating
properly. If some gross malfunction exists diagnostics will ba performad,
either on-linz as a self test, or off-line on a test bench. If minor dis-
parities exist, calibration can be performed either by using external equip-
ment or by inserting a reference standard at the interface.

Once functional integrity of thz measuremznt instrumznts is verified,
the system now monitors the functional integrity of the stimulus instrunznts

utilizing ths proper operating mezasuremant instruments. This is known as

self check., Minor or major functional disparities of stimulus instrumenta-
tion will be tireated similarly to disparities in the measurement instru-

ments.

3.8 Calculation of Msan-Time-Between-Failures (MTBF)

As mantioned previously, two complete test stations provide flexibility
such that in the event one station is down the other station can continus test-
ing assemblies. A sample MTBF calculation is presented in the following.

3.8.1 MTBF for Building Block CATS

The probability of the system expressed for CATS in terms of the Mean-

Time-Between-Failures (MTBF), for Building Block CATS is calculated as follows:

Subsystem MTBF
Instrumentation 885 hours
Computer 1690 hours
Peripheral 1370 hours




The total system MTBF is found by adding the reciprocal of the MTBF's and

then taking the reciprocal of the sum

(885)°1 4+ (1690)'l x (1370)" = 2.451 x 1073 e %

1

= LO8 hrs 2,56 month
2,45 x 1073

It can be seen that the Instrumnent subsystem has the lowest MTBF in the CATS.

3.8.2 MTBF for Dedicated CATS

If a dedicated CATS is used (i.e., PC board instrunzntation)instead
of discrete building blocks, the quantity of components is reduced. This will
result in an instrumentation MTBF that is increased by at least a factor of
two. The MTBF for a dedicated CATS is approximately as follows:

Dedicated CATS

Subsystem MTBF
Instrumentation 3000 hrs
Computer 2500 hours
Peripheral 2000 hrs

(3000) ™" + (2500)~" + (2000)=" = 0.33 x 1073 + 0.4 x 1073 +

0.5 x 1073 = 1.23 x 1073
MTBF = . = 815 hours 5.1 months
1.23 x 103

The calculated MTBF figures represent the average case.

3.9 Vendor Services

In the event a test station does become inoperative, most local vendors

have stated that their service personnel can reactivate the station within 24




hours, depending on the nature of the problem. It shall be required of
any CATS vendor that he include as a part of his total software package a
thorough self check program. This self check program can be run at the
beginning of the work shift if any of the subsystems are marginal. If
marginal subsystems are detected they can be replaced (with the exception

of the computer subsystem) by storing spare modules or building blocks.




L.o COMPUTER AND PERIPHERALS (SOFTWARE)

It can be stated that whatever can be accomplished with hardware and

its interconnections can also be accomplished with software, providing a
suitable switching matrix is available., A purchaser is usually constrained
to the hardware configuration of a particular Automatic Test System vendor.
For a user to alter the CATS to satisfy his particular requirements, he must
do one of the following:

o Have the vendor customize the hardware configuration,

® Expand the software compiler. i

The first alternative was examined in Section 3.0, Software will be
discussed in this section. The compiler is a language translation program
that transforms symbols (i.e., Alpha-numeric) msaninful to a human operator
into codes (i.e., binary) m2aningful to a computer.

4.1 Compiler

The programmzr must operate within the constraints of the compiler.

It is resident in either the core memory of the computer or in its storage

memory. An infinitely larga compiler will give a programmer infinite software

capabilities, It is obvious, from a practical standpoint, that since memory
space is limited, some constraints are placed upon the programmer. As a guide,
the cost of expanding the software to offset hardware configuration deficiencies
w}ll range from 0.3 to 3.0 times the cost of the hardware.

4,2 Computer Subsystem

The integral sections of a computer subsystem for a typical Automatic

] Test System are:

i 1) Digital Computer
2) Switching Matrix
3) Test Program Sect.

i
{
!
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4.3 Digital Computer Hardware

Practically all digital computers consist of:
a) Control Unit
b) Arithmetic Unit
c) Memory Unit
d) Input/Output device.
4.3.1  Control Unit
The control unit governs the operation of the overall computer sub-
system, It translates instructions obtained from the memory into specific
sequences of internal commands. These commands are distributed to all units
and initiate their appropriate operations or information transfer. Thz con-
trol unit also ensures that the timing of comnands is compatible with the

operational speed and the operational status of the testing instrumentation.

4,3.2 Arithmetic Unit

The arithmatic unit consists of a number of electronic circuits con-
nected in such a manner that certain arithmestic and logic operaticns can be
performed.

4.3.3 Mamory Unit

The memory stores instructions, operants, results and any other in-
formation which may be needed in the course of a computation. It is divided
into a number of storage locations or cells each having a unique address and
a storage capacity of one word (usually 16 bits). The circuitry of the mzmory
will perform essentially three functions with the stored information therein;
it will select, read and write the information. Memory can usually be classi-
fied as one of the following types:

" a) Hard core random access (RAM)

b) Integrated circuit read only (ROM)
c) Mass storage (i.e., magnetic tape, punch tape, disk or drum).




4.3.4 Input/Output Unit

The Input/Output unit provides communication paths between the com-
puter and external or peripheral equipment such as magnetic tape units or
card readers. Much of this unit such as the teletype printers and video key-
punch panel are physically located in separate consoles.

L. 4 Switching Matrix

A switching matrix is connected to the patch panel or the computer
subsystem and provides the connection paths batween the unit under test inter-
face and the stimuli and measurement instruments. The several types of switch-
ing matrices available are crossbar scanner, relay trees, or hard wire general
purpose.

L.5 Test Programn Set (TPS)

The test program set consists of the following elemants:
a) Program tape

b) A test booklet of instruction
c) An interface device.

k.5.1  Program Tape
A program tape is the end product of a test specification or test pro-
cedure.

L,5.1.1 From the test specification and its supporting documentation (i.e.,
schematics, theory of operation, interconnaction diagram, etc.) a
Diagnostic Flow Card (DFC) will be generated which is the testing
strategy that is tc be coded, programmad, and implemented on the
test station.

4,5.1.2 A coder or a programmer will then take the DFC and prepare coding

sheets for a keypunch operator. A testing language that is compatible




with the computer must be established. Two languages are under

consideration, BASIC and ATLAS. Of the two languages, ATLAS is a
higher level than BASIC. (Define a higher level language to bz
closer to English as opposed to machine language). Both languagass
have found wide use in automatic test equipment. BASIC is primarily
a standard scientific languagzs while ATLAS is directly oriented
toward test equipmant. Since ATLAS is a higher level languages than
BASIC, less time will be required by the engineer or programmesr to
implemant ATLAS. This case of implementation is achieved at the
cost of a more complex compiler.

A program tapes will be gensrated from the keypunched source
deck.

L,5.1.3 Concurrent with the coding effort, will be the determination of what
switching paths are required by the test program. This information,
vital to the fabrication of the interface device, is called a Test
Diagram (TD). It must also be coded and included in the keypunched
source deck which, in turn, will be placed on the program tape.

4,5.2 Test Program Instruction (TPI)

This is a manual (usually generated by a technical publications group)
that instructs a station operator how to conduct a specific test program. The
source documentation required for ths developmant of the test program instruc-
tions are: 3
1) Schematics
2) Theoryof Operation
3) Diagnostic Flow Chart
L4) Test Diagram.

It is pertinent to mention that accurate and complete documentation

must be maintained throughout development stages of any CATS program.




4.5.3 Interface Device (ID)

This piece of hardware connects the UUT pins to the appropriate
stimulus and measurement instruments via the switching matrix. The important
documents required for the fabrication of ID are the assembly pin layout and
the test diagram.

L.6 Program Tape Validation

Once the program tapes are gzsnerated thay must be validated on station.
The timz required to verify a tape is directly related to the level of the
language and the complexity of the test. Assuming the syntax and semantics
are correct, parameter values can eithzr be changed by on-line or off=line
programming. On-linz is much faster in that it allows the enginzer to adjust
the program at the Input/Output console. This is accomplishad at the expense
of utilizing station timz and a more complex compiler.

0ff-line programming is slower and more expensive because more people
are involved in the change. The advantages are better control over changzs in
that they are documsnted and that the test stations are not needzd to verify
tapes.

As with the test instrunzntation, the computer subsystem will have a
self-check capability that will monitor internal test points to dstermine proper
functional operation.

L.7 Testing Speed

It should be noted that the speed of testing a UUT is directly related
to the response time of the stimulus and mzasurement instrunznts. While a

computer can retrieve data and make comparisons in the order of tenths of micro-

ly-ly




seconds the response tima (settling time) may be in order of thousands of
milliseconds. This is particularly true of analog measuremants. Therefore,
the limiting factor in determining thz speed of automatic testing is the
timz sequences in digital tests and response time in analog tests, not the
computer.

4.8 Digital Computer Specificaticn

The following is a specification of the requirements for the computer
subsystem with sufficient capacity to expand the wemory and test instrunznta-
tion.

4.8.1 Mini Computer with a minimun of 16K words, either in hard core or in
storage memory (i.e., tape, disk) must be capable of timz sharing

at least four independent test stations.

4,8.2 A teleprinter, BCS driver and test routinz.

L,8.3 The input/output must have keyboard arrangamznt with CRT Alpha-
nuneric display. This can be panzl or console mounted.

L.8.4 The software shall include either an ATS BASIC interpreter or an ATS

ATLAS interpreter.

4.8.5 Memory Capacity

The system must be capable of incorporating these options:

a) Punch tape or magnetic tape reader (500 bytes/sec) with
interface, test routine and interface diagnostics. Punch
tape must have as a minimum a packing density of ten
bytes/inch. Magnetic tape must have a minimun packing
density of 70 bytes/inch.

b) Dual disk memory with approximately 5 million bytes of
memory. Included will be power supply and interface.

e o S st




4.8.6  Modular Switching Subsystem

This must have a capacity of at least 16 relay switching cards,
Each relay switching card will have the following characteristics:
Switching Capability: 16 relays, with one Form-A and on2

1 Form-C switch par relay. Each relay
has independent storage.

Maximum Voltage: 200 volts peak

Maximum Current: 2 amps switchad with resistive load,
3 amps carry current after switching.

Cross talk: Lo dB typically mzasured at 100 kHz
on adjacent switch line.

Signal Freguancy: DC to 100 kHz.

Contact Resistance: LOOM at 100,000 operations.

Thermal Offset: Typically 50 volts or less at 25°C.

Contact Life: 1,000,000 cycles at 28 VvDC, 100 mA
resistive load.

Operate Time: 20 ms maximum.

Release Time: 5 ms maximun,

In addition an "Electronic confirm'' 1inz on 2ach storagz element,
which may bz used to operate switch closing indicators, shall be included.
4.8.7 An interface panzl or panzls for interconnactions between the unit

under test and the automatic test system patch pansl. At least onz2
! interface panel shall bz used for self check and/or self test.
4.8.8 A1l cables and accessories required to interconnzct the ATS and all

cables between time shared stations.

4.8.9 In the event the computer subsystem is ''down'', it must bes capable of
being circumvented via manual control.

L4,8.10 As an option the Automatic Test System should be compatible to operate

with a heavy duty teleprinter or a high speed linc printer,




5.0

time to perform the same test manually for the DRAGON NVS.

TIME AND _COST OF COMPUTER AUTOMATIC TEST SYSTEM VS.

MANUAL T1EST SYSTEM

This section analyses the timez to run an automated test versus the

Each type of

testing is compared to determine the optimum point in timz a computer auto-

mated test system becomes economically feasible.

B and C.

5.1

5.2

The estimated cost data shown is extracted from Appendices

Manual Test Stations

The cost of labor plus overhead to pro-
duce 60 systems a month on a manual basis
$38,900. To test 5000 DRAGON NVS
(approximately 84 months) the labor

cost is

The total cost to test 5000 DRAGON
NVS at 60 systems a month is

Not included in this price is the test
instirumznts which exist in the APE
Pilot line)

Computer Automatic Test System

The price of two computer Automatic
Test Systems is

The cost to install two CATS systems

The cost per Test Program Set is $28,920.
The cost of eight TPS's is

The cost of labor and overhead to produce
5000 DRAGON NVS at 60 systems a month is

The total cost to test 5000 DRAGON NVS
utilizing CATS

is

$3,344,778

$3,3L4,778

$244 400

L4o,000

$269,000

$327,103

$871,503




5.3

Comparison Between CATS and Manual Stations

The difference in cost between CATS and a
manual test station will result in a cost
saving of

As seen from the graph (Figqure 1 of Ap-
pendix C) the point in time for which

a computer automated test system becomes
more economically feasible than a manual
system is 15 months.

After 15 months a computer automated test
system will accrue a cost saving over the
manual systems of $36,600.00 a month.

$3,344,778
= 871,503
$2,473,275
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6.0 CONCLUSION

This conclusion summarizes the important facts concerning Computer
Automated Test Systems and describes the type of system that would best
serve the testing requirements for the DRAGON Night Viewing System,

6.1 ADVANTAGES OF COMPUTER AUTOMATED TEST SYSTEMS

The following delineates the advantage of using a CATS as opposed
to manual test stations.
Test System will accrue a cost savings of 2.47 million dollars after testing
5000 DRAGON Night Viewing System. (84 months at a 60 per month rate)

Repeatability - Computer Automated Test Systems will provide precise
repeatability of testing. Since the computer will control the testing all
assemblies are tested exactly the sam2, This will reduce inconsistent test
conditions inherent in manual operations.

Accuracy - CATS will improve the accuracy of the testing. Marginal
operation can be more easily detected with CATS than by visual interpretation,

Incoming Inspection - As the rate of assembly and testing of Night

Viewing Systems increases additional need for Automated Testing of components
will arise, It will be possible, with only software development, to use the
CATS as described for incoming inspection of electronic components,

Other Programs - Since other night viewing systems such as Handheld

Viewer and Tow have similar functional electronics to DRAGON only a minimun
of software development would be required to implemant these systems on CATS,

The hardware specified for the DRAGON CATS will encompass all stimulus and




measurement instruments for the Handheld Viewer, TOW, FIRTI, etc. Once
the software has been deveioped for DRAGON the cost of generating a Test
Program Set for a similar project will be about (257 to 50/) of the DRAGON
software cost.

Fault Diagnosis - If, as per Appendix C, diagnostic programs
become d:sirable CATS will provide all the necessary computer and test
equipment hardware for fault diagnostic investigation. Diagnostic programs
are very similar to the End to End (GO-NO/GO) tests and can therefore be
added at a later date with relative case.

6.2 Proposed CATS =~ Section 3.1 through 3.5 discussed the advantages
and disadvantages of a Building Block and a Dedicated system. This section
describes why a Building Block system is more desirable for DRAGON Produc~
tion testing.

building block system.

CATS Fault Location - Building Blocks require a shorter self check-

ing prograi., A dedicated system, with its complex interconnections, requires
a very sophisticated and long self check progran to isolate down to faulty
components. It is more advantageous to use a short self check program devised
for the building block system and then replace the faulty building block once
it has been identified,

vendor but also by the individual building block vendors,




Modification of CATS ~ If any change in the operational performance
of CATS is necessary, it is easier to implenent them on building block
system. This is due to its hardware versatility and relative intercon=-
nection simplicity.

testing can be continued in a manual mode with the building block system.




7.0 RECOMMENDATIONS

7.1 Two Complete Computer Automated Test Systems

It is recomnended that a two complete CATS stations be implemented
for the DRAGON NVS dividing the number of assemblies to be tested between
each system, The justification for this is the following:

Redundant Capability ~ In the event one computer subsystem is out

of service, testing can be continued on the other system. The down timz of
the computer subsystem will vary from 24 hours to 48 hours,
shifts if 60 NVS's a month is required. (Refer to Appendix C.)

Other Programs - Two CATS stations will enable testing for progranms

such as TOW, Handheld Viewer AN/PAS-7 and TIRS (Thermal Imaging Rifle Sight)
with the use of a second shift.

Tncoming Tnspaction - Two CATS stations will provide computerized

quality control for incoming inspsction of components with additional soft-
ware and a second work shift,

Fault Diagnosis - A second work shift can also use the CATS stations

for troubleshooting or Diagnostic Programs for DRAGON assemblies.

7.2 One Complete Computer Automated Test System _

One complete CATS station will be less costly than two CATS stations,
and can be used as a building block for the two system approach, but it is
less desirable for these reasons,

Two Work Shifts - Two work shifts will be required to test 60 units

a month,
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Manual Testing - In the event the computer subsystem is out of service

both work shifts must implement manual testing.

Limited Capacity =~ There is little potential for available capacity to

test other Night Viewing Systems or to assist Incoming Inspection without addi-
tional computer and test equipment hardware being added.

7.3 Time Shared Systems

In this scheme two hardware stations are time shared with a single com-
puter subsystem., No degradation of testing performance will occur using a timz
shared system but it is less desirable than two complete CATS stations for the
reasons listed and therefore not recommended.

Not Cost Effective - The decreasing cost of mini computer subsystems makes

their purchase more economically feasible than purchasing a single computer
time shared subsystem.

Additional Software - A timz shared computer subsystem would require an

executive routine that would almost double the ma2mory allocations needed for
the compiler. This will nscessitate more software development and memory
capacity.

Increased Hardware - Thz increased memory capacity required of a time

shared computer subsystem may mean that disk memory must be used as opposed to
tape memory. Disk memory is about $10,000 more than tape memory and the cost

to develop the expanded compiler will be approximately $20,000.

Down Time - If the time-shared computer subsystem is out of service both
hardware stations cannot be operated automatically.

Excess Capacity - Two CATS stations cannot justify the increased hardware

integration and memory that a time-shared computer subsystem will require. Tima

sharing justifies itself only if there are many test stations all requiring high

speed digital functions.




APPENDIX A

DEDICATED TEST EQUIPMENT SPECIFICATIONS

Dual Trace Oscilloscope

General

All functions must be remotely programmable and compatible with

TTL/DTL logic utilizing 8421 BCD codi:.g.

1.2

1.2.'

1.2.2

1.2,3

l.z.u

1.2.5

1.2.6

1.2.7

1.3
1.3.1

1.3.2
1.3.3

Vertical Seciioq

Bandwidth and rises time - DC to at least 60 Mdz, 5.8 NS at
5 mV/cm, 3 dB8 down.
peflection factor -- 5 mY/cm to 10 V/cm.

Display modes - Channzl 1 only: channzl 2 only (may be inverted);
Alternate =~ chopped (approximately 503 kHz): added.

Input R and C - 1 megohm, 24 »of.

Maximun input voltage - 600V (DC + peak AC), AC coupled and 300V

Internal triggar source - composite or channel 1 only.
DC balance - the volts /cm varnier may bz varied without baselins
shift independent of screan position,

Horizontal Section

Main and delayed time bases - 0.1 sec/cm in 22 calibrated steps,

1, 2, 5 sequence; *3), accuracy.

X10 magnifier - increases sweep spzed by a factor of 10.

Horizontal display modes - Normal or main sweep, main sweep with
intensified delayed sweep portion, delayed sweep portion, delayed
sweep, main sweep with triggered dalayed sweep intensified portion,

triggered delayed sweep, and external horizontal input for X-Y display.




1.3.4

103.5

1.3.6

1.3.7

1.3.8

1.3.9

1.4
1.4

Trigger Mode - Automatic mode should provide a basz line in the
absence of A signal, useful above 20 Hz. Triggared node should
ovarridz automatic modz and should be used below 20 Hz.

Variable Hold-0ff - Variable, to allow synchronous triggering on
tone bursts, frequancy or amplitude modulated signals or digital
word lengths.

Trigger sensitivity - Flat triggaring on 0.5 cm internally and

50 mV externally through 50 M4z from DC wnzn DC coupled and from

L Hz waen AC coupled. LF REJ rejects signals bzalow 30 kHz. HF

REJ rejects signals above 50 kHz.

Trigger sources - Internal, picked off from CHl and CH2 preamplifiers
prior to DC offset from position controls. External, from 8NC con-
nector, External = 10 lin2. Input RC-l megohm, 24 pf, maximum input
voltags 600 AC coupled and 300 DC coupled - peak AC plus DC. Level
adjustment through 1.5V in external or #1.5V in 2xternal = 10,
X=Y oparation - Full sensitivity X-Y (CH 1 horizontal C4 2 vertical)
~5 mV/cm to 10V/cm in 11 calibrated steps 1-2-3 sequance. Bandwidth
is at least 4 MHz with about 1° phase difference at 59 kHz.
Horizontal amplifier - Bandwidth at least 4 M4z, 3 dB down; d=flection
factor is 120 mY/cm variable to 1.2V/cm external, 1.2V/cm to 12V/cm
in external =~ 10, X10 magnifier increases sensitivity to 12 mV/cm.

Display Section

CRT - 5 inch rectangular tube, 8 x 10 centimeter display area.

Horizontal and vertical centerlines further marked in 0.2 cm

increments. P31 phosphor. "Accelerating potential is 10 kV.




1.4.2

1.4.3

1.4.4

1.5
1.5.1

105.2

251

2.1.1

2.2

2,2,1
2:.2,2
2.2.3
2,2.4

2.2.5

2.2,6

DC couple Z-axis intensity modulation. +2V signal blanks

trace at normal intensity from DC to 5 Mdz, input R is 5K ohns.
Graticule - internal, no parallax; variable edge lighting.

Delay time jitter - less than 1 part in 20,000 of 10 x main
sweep timz/cm setting.

Calibrator - 1 kHz square wave. 0.6V and .05V pcak-to-peak *17.

Rise time less than 1 us,

Temperature: Operating +5° to +45°C
Nonoparating =20°C to +50°C

Hunidity: Operating and Nonoparating to 95/
Relative Humidity at +55°C

Power Supplies
Progranmable Opzsration
All DC voltage levels must b2 remotely programmable and compatible

with TTL/DTL logic utilizing 8421 BCD coding.

DC Output Voltages

+5.0 volts 2,0 ampares min.
-6.0 volts 1.0 ampare min.
-20.0 volts 0.5 ampare min.
+100 volts 0.1 ampere min.

Line regulation - 0.01% 41 millivolt for AC lina variation from

105 to 125 volts,

Load regulation: 0.01% +1 millivolt for 0 - 100% changes in rated

output current at the junction of load and remote sense leads.
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2.2.8

2.2.9

2.2,10

2.2.1

2.2.12

2.3
2.3.1

2.4
2.4
2.5
2.5.1
2.6
2.6.1
2.6.2

Ripple and noise: less than one millivolt peak-to-pcak over a

1 Miz band at an input line frequency of 60 Hz.

Source impedance: less than 5 milliohws at DC, 100 milliohms at

20 kHz, one ohm to 1 Mdz.

Recovery timz: output voltagz will return to within a 15 millivolt
band of the original voltages setting within 590 microseconds for a
step changz (1 microsecond rise time) in rated load of 10 - 102/.
Stability: Better than 0.02% +3 millivolts par 24 hours at constant
linz, load and ambient temparature, after warmup. Better than 0.01%
+] millivolt with external low temparature cosfficient programning
resistance.

Temperature: Operating: +5°C to 45°C
Storagz: -20 to +50°C

Temperature coefficient: Output voltage changz less than

0.02% par °C.
Crowbar shall short circuit the output of thz supply in less than
500 microseconds at any output voltags in =xcess of a preset level.

Current Limiting

All power supplies must be current limited to a preset level,

Remote Sensing

One-half volt drop per load lead,

Remote Programming

Ohms /Volt 1000
Accuracy 0.3% 41 mV
A=l
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2.7

2.7.‘

2:.7.2

3.1

3.2

3.3

3.34

3.362

3.3.3

3.3.4

Temperature

Humidi ty:

Digital Multimeter

Frequency Response:

Operating Range:
Storage:

80/, maximumn relati
at h4o°c.

1.0 d3 from 10 Hz

+5°C to +45°C
-20°C to 50°C

ve hunidity

100 kHz

k.5 digits including over-range into a printer using 8421 BCD coding

that is TTL/DTL compatible.

DC Volts
Range Resolution
(volts)
1.0000 100 wv
10.000 1 mYy
100.00 10 v
1030.0 1000 my
Over=rangs

Input
Impedance
(M)

1000
1020
10
i0

Max imun
Voltagz _
(voits)

1030
1000
1000
1000

Forty (49) percent all ranges at rated accurazy (except on 1000 Volt

range) .

Accuracy

20,004 rda., 2001% FS sissecesvnceceZl hours 23°C £5°C

20.03% rdg., 20.0VE FS ...ccvonvnvens90 days 23°C £5°C

Measuremaent Time
1.5 second to rated accuracy
Reading Rate

5 readings/second

A=5




.L 3.3.5

3 3.3.6
3.4
3.4,

§ T

i 3.4.3
3.4.4

|

i
3.4.6

Normal Mode Rejection
60 dB at 60 Hz increasing at a rate of 6 dB/octave (or 20 dB/decade).

Common Mod2 Rejection

100 dB DC to 60 Hz with 1K source imbalance.
AC Volts
Range Resolution Input TImpedance
1.0000V 100 pv M, 75 pf
10.020V 1 mv M, 75 pf
100.00V 10 av IM, 75 pf
1000.0V 100 WV M, 75 pf

Over=-range
Forty (40) pearcent all rangss at rated accuracy (except on 1000/ range)
Accuracy
100 Hz to 10 kHz #0.1% RDS, #0.03% FS
.50 Hz to 30 kHz *0.25% RDG, *0.057%4 FS
30 kHz to 100 kHz *1.0% RDG, *0.1% FS
Maximum Input Voltagz Vs. Frequency

50 Hz to 5 kHz 759V
5 kHz to 10 kHz 500V
10 kHz to 50 kHz 250V

Mzasurement Time
3 seconds to rated accuray.
Step Response Time

3 seconds.
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3.5 0iiMS.

Output Max. Open
: 3.5.1  Range Resolution Current Circuit Voltage
| x) (ohms) (uA) (volts)
1.0000 100M I 18
10.000 1 100 18
100.00 ° 10 10 18
1000.0 100 \ 1R
10000. - 1K 100 18

3,552 Over-range
L40% all ranges at rated accuracy (except on 10030K rangz2)

3.5.3 Accuracy (90 days, 15 - 35°C)

1K to 100K +0.02% RDS, *0.02% FS
“ 1 milliohnus +0.,05% RDG, £0.02% FS
10M £0,2% RS, £0.027% FS
3.5.4 casuremant Timz

2,0 second to rated accuracy.

3505 Step Response Time

1K to 100K 200 ms

M 300 ms

10M 3 sec
3.6 DC Current

3.6.1 Ranges  *100 mA, (207 over-rangz, all rangss to *1939 wA)
3.6.2 Resolution 0,01% of rangz (10 nA on 100 NA ranga, maximum)
3.6.3 Accuracy _(all ranges)

90 days, 15° to 35°C (£0.1% of input, +0.02% of range)

3.6.4 Burden 100 mV at 100 uwA increasing to 300 mV, 1200 mA

3.6.5 Response Tima to Rated Accuracy 1.5 seconds
3.6.6 Overload Protected to 2 amperes on any range.
A-7
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3.7
3-70‘
3.7.2

3.7.3

3.7.4
3.7.5
3.7.6
3.8

3.8.1

3.8.z
3.9

AC_Current

Ranqes (auto) 100 uA to 1939 mA (20% over-range, all rangas)
Resolution

0.01% of rangza (10 nA on 100 uA rangz, maximun)

Accuracy (all ranges)

50 Hz - 5 kHz 30 - 59 dz and 5 - 100 kdz

+(0.3% of input +(0.6/4 of input +0.057 of range)
+0.05% of range)

90 days, 15°C - 35°C

Burdan 100 mY at 10J uA increasing to 300 mV, 1200 mA
Response Time to Rated Accuracy 3 szconds.
Overload Protected to 2 amperes on any range.

Environmant

Temperature: Opzrating Ranga: +5°C to +45°C

Storage: -20°C to +50°C
Humidity: 80% maximun relative hunidity at 40°C.
Auto Chack

Tk2 unit must bz capable of parforming a quick sz1f-check of all its

functions.

L.o
4.1
L’Q]‘l

4,2
h.2.1

Pulse Generator

Programmable Operation

Thz frequency and amplitude ranges must all be remotely programmable
and compatible with TTL/DTL logic utilizing 8421 BCD coding.

Frequancy Data

Internal clock: 0.1 Hz to 50 MHz.
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hW,2

Iy .3

I b by
RIS
L W, 6
i h,7
W, h.8

L, h,9

Delay (single) Pulse 0.1 Hz to 50 Mds prf

pouble (pairs) Pulse 0.1 H2s to 50 MHz effective pri
External Trigger DC to 50 MY-»
Froquency Jitter 0.1% of period 40.3 ns

Operating Modes

Current Source

Voltage Source
Single Pulse

Double Pulse (pairs)

Normal=Inverted (Conplemanted)

Positive or Negative Output

Qutput Data

Output Amplitude (positive): Continuously variable fron 0V to 410V
across high impedance; OV to 45V across 50 ohns (with indepandont
control).

Output /\m.)l-itmlc (negative): Continuously variable fron 2V to =10V
across high impadance: 0V to =4V across 50 ohns,

Current Mode:  +2 mA to 4200 A (L10V into 50 ohms) from 1K ohn
source impadance.

Voltage Modo: t60 mV to 5V into 50 ohns ftrom 50 ohus.

Source Impoadance: 50 ohms or 1K ohns, switch selected,

Pulse Duration: 15 ns to 1 sacond.

Duration Jitter: 0.1% +0.k ns,

Pulse Dolay: 15 ns to 1 second.
Dcln& Jitter: 0.1% 40.h ns,

Duty Cycle: to 10074,




4.5

4.5.)

h.5.2

v

h.5.3
k.6

L.6.1
L.6.2

4.7

b.7.1
h,7.2
L.7.3
b,7.4
h.8

4,8.1
4.8.2
4,8.3
L.8.4
k.9

.91

4.,9,2

Bascline Offset pData

Current Mode:
Voltage Mode:
Overload Protection:

Pulse Shape Data

0 to *40 mA (0 to #2V into 50 ohus)
0 to #2V into 50 ohms,

Short and opan circuit protected.

Rise/fall time/l ns typical, 5 ns max. fixed.

Distortion: Less than 5/ total (preshoot, overshoot, undershoot,

droop) at full output.
Sync Output Data
Amplituda:

Rise Time:

Duration:

Trigger Freguancy:
Gate Frequency:
Sensitivity:
Slope:

Temperature:
Operating Range:

Humnidity:

+2V minimum into 50 ohms.
Less than 5 ns
50% of minimun period of prf range.

10 ns max., referred to trigger input,

DC to 50 Miz.
DC to 25 MWz, sync or async.
+100 nv, 10 ns or greater duration.

Positive or negative.

+5°C to +u45°C
-20°C to +50°C

80% maximun relative humidity at 40°C,

A-10




! S.

Function Generator

5.1 Programnable Operation

5.1.1 The frequency and amplitude ranges must all be remotely programmable

5.2
Bedal

5.2.2

5.2.3
5.3
5.3.1
5.3.1.1
5.3.1.2

5.3.1.3
5.3.1.4
503.‘-5

5.3.2
5.3.2.1
5.3.2.2
5.3.3
5.3.3.1

5.3.3.2
5.3.3.3

and compatible with TTL/DTL logic utilizing 8421 coding.

Frequancy Rang2
Main Genarator:

Stability:

Accuracy:
Amplitude
Main OQutput

OQutput Amplitude:

Output Attenuator:

Stability:
Qutput Impadance:

DC Offsat:

Sync Outputs
Output Amplitude:
Output Impedance:

External Input

0.000]) Hz to 10 Mdz.

0.05% of setting for 10 minutes, 0.357 of
setting for 24 hrs,

*(2% set +2/, rangz2) 0.0001 Hz to 10 Mdz.

15V p-p into 50 ohws, 30V p~p op2n circuit.

80 d3 attenuation in 10 dB stepns and 200 d3
continuously variable.

0.057 of max po-p amplitude for 10 min,
50 ohms

+7.5V into 50 ohms, *15V open circuit,
variable.

20V p-p square

100 ohms

Voltage controlled frequency approximately 5V input for 1000 fre-

quency ratio,
Sync:

DC Offset:

5V p-p to lock.

I.1 inverting.




5.k

Waveforms
Sine, square, triangle, sync,

tramp, ipulse,

tsquare, 4sine, triangle,

5.4.1 Sine
5.4.1.1 Frequancy Response: 0.1 dB to 100 kHz, 2 dB to 10 Mdz
5.4.1.2 Distortion: 0.5% to 0.001 Hz to 102 kHz. No
harmonics 30 d3 down from funda-
mental 100 kHz to 10 Mdz.
5.4.2 Triangle
5.4.2.1 Linearity: 99% to 100 kHz, 95/ to 10 MHz.
5.4.3 Square Wave
5.4,3.1 Rises and Fall: 20 ns (590V/szc slew rate limita-
tion into 50 ohms)
5.4,3.,2 Overshoot and Ringing: 5%
5.5 Environment
5.5.1 Temperature: Operating Rangz: +5°C to 45°C
Storage: -20°C to +50°C
5.5.2 Humidity: 80% maximum relative humidity
at Lo°c
6. Counter/Timer
6.1 Readout
6.1.1 7 digits including overrangs into a printer using 8421 BCD coding
that is TTL/DTL compatible.
6.2, Modes of Operation
6.2.1 Count: F requency: 100 MHz
Counter Range: 1 to 107 count
Input: Channel A
Gate Time: Automatically selected
Accuracy: Absolute
Readout: Dimensionless.
A-12
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6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

Frequancy:

Period:

Range:
Input

Gate Time:
Accuracy:
Readout:

Range:
Input:
Clock Fre-
quency:
Resolution:
Accuracy:

Readout:

Positive or Negative Pulse Width:

Range:
Input:

Clock Fregquency:
Slope Selection:

Resolution:
Accuracy:
Readout:
Period Averages

Range:

Input:

Periods Averaged:

Clock Frequency:

Accuracy:
Readout:

Time A B

Range:
Input:

Clock Frequency:

0.1 usec to 10 sec

Channsl A

100 ns to 1 sec in decimal steps
Programmable

0.1 sec to | sec, automatically selected
for maximun resolution

* count *timz-base accuracy *triggar error
Usec, msec or sec, with automatically posi-=-
tioned decimal point.

100 Hz to 1 Mdz, L-digit resolution
10 Hz to 1 MHz, 5-digit resolution

1 Hz to 1 Mdz, 6-digit resolution

0.1 Hz to 1 M4z, 7-digit resolution
Channel A

1 to 1000, automatically selected for
maximum resolution.

1 MHz

*count *time-base accuracy *trigger error
Usec, msec or sec with automatically posi-=
tioned decimal point.

0.1 sec to 107 sec
Start Signal: Channel A. Stop Signal: Chan-

nel B,

100 ns to 1 second in decimal steps

100 MAz

Channcl A

A

] count *time-base accuracy
kHz or MHz, with automatically
positioned decimal point,

100 ns to 107 sec

Channel A

100 ns to 1 second in decimal
steps, automatically selected

0.1 sec to 1 sec

41 count #timz-base accuracy
*trigger error.

Sec, msec, or usec, with auto-
matically positionad decimal point.

Can be common or separate.

e




ey

6.2.7

6.2.8

6,2.9

Resolution:
Accuracy:

Readout :

Ratio A/B

Range:

Input (F1):
Mecasures:

Numbzr of Cycles
of F2 averaged:
Accuracy:
Readout:

Time Interval

Range:

Clock Frequency:
Resolution:
Accuracy:
Readout :

Input Channels A & B

Rangz:

DC Coupled:
AC Coupled:
HF Rejection:

Range:

DC Coupled:
AC Coupled:
HF Rejection:
Impedance:
Sensitivity:

Channzal A
Channel B
Preset:
Attenuation:
Trigger Level:

0.1 sec to 1 sec

1] count #*tima-base accuracy *trigger

error of dtrigger error of B,

Usac, msec or sec, with automatically posi-
tioned decimal point.

Channz2]l A: 0 ~ 100 Mdz. Channel B: 0 - 10 Mdz
Chanazl B

F1/F2

1 to 1000 automatically selected for

maximun resolution

*] count of Fl #triggzer error of F2
Dimensionless, with automatically posi-

tionad dacimal point.

0.2 ussc to 107 sec

100 ns to | second in decimal steps

0.1 usec to 1 sec

*] count *time-base accuracy *gate arror
Usec, msec or sec, with automatically posi-
tionad dacimal point,

Channel A

DC - 70 MHz

20 Hz ~ 100 M4z

Attenuates signals above 1 kHz approx.

Channal B
DC - 10 MHz
20 Hz ~ 10 MAz
Attenuates signals above 1 kHz approx.
1 megohm shunted by 25 pf approx.

25 rms sing wave 0 - 2 Mdz

50 rms sine wave 2 - 10 Mdz

100 rms sine wave 10 - 100 Mdz (Channz21 A only)
0.3V peak-to-pezak pulse, 7 ns min pulsz width
0.3V pecak-to-pzsak pulse, 50 ns min pulse width
Sets triggar reference to 0 volt
X1, X10, X100
Automatically adjustable *1V, 1100V, dependent
upon setting of attenuator

Slope Independent selection of positive or nzgative slope

Overload Protection:

250V rms on X10 and X100 attenuator settings,
120V rms on X1 attenuator setting up to 1 kHz,
decreasing to 10V rms above 10 Midz.
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6.3
6.3.)

6.3.2
6.4
6.4.1

7.2
7.3
7.4
7.5

7-6

7.7

7.8

7.9
7.9.1

7.9.2

Environment

Temperature: Operating Range: +5°C to +45°C
Storage: -20°C to +50°C
Hunidity: 80% maximun relative humidity at L0°C

Auto Chack
The unit must be capable of performing a quick self check of all
its functions.

True R4S Voltmeter

Programmable Operation

All voltage rangss must be remotely programmable and compatible with

TTL/DTL logic using 8421 BCD coding.

Voltaga Range: 100 u¥ to 330V

Decibel Rangs: -70 d8 to +50 dB, referred to IV
Frequancy Range: 10 4z to 20 MHz (-3 dB; 4 Hz and 59 Miz)
Accuracy: 50 Hz, =2 MHz: 1% FS or *2% rdg, whichar

is better, increasing to +57 at ends of
rangs (*10% above 100V on upper ranges)

Input Impedance: 2 megohms shunted by 15 pf (25 pf, 1 ~ 30 nv
FS rangass)

Crest Factor: 5:1 at full scale, increasing to 15.1 at
1/3 full scale. Overload protection: 590V
peak on all ranges.

S

CMRR: 120 dB, DC to 1 kHz: 80 dB at 1 Miz

Envi ronment

Temperature: Operating Range: +5°C to +45°C
Storage: -20°C to +50°C

Humidity: 80% maximum relative humidity at 40°C,
A-15




8.2

8.3

8.4

Volt-Ohmmeter

Programmable Operation

All measurement ranges must be remotely programmable and compatible

with TTL/DTL Logic using 8421 BCD coding.

Rangz

] 99 . 9 4]1‘/

1.939v
19.93v
199.9v

1000V

AC Volts

Range
199.9 av

1.999v
19.93v

1000V

199.9 mv

1.999v
19.93v
199.9v

1000 y

DC Current

Range

199.9 uA
1.999 mA

Temp. Cozfficient

0.2% rdg 1 digit
0.2% rdg *1 digit

Input

0.01% rdg/°C
0.01% rdg/°C

150

150
150
159

> 150

159

150
150
150
150

Accuracy {0%¢ to 597¢) Impedance
0.057 rdg *1 digit 0.0075% rdg/°C 100M ohns
0.05% rdg 1 digit 0.0075/ rdg/°C 1000M ohms
0.1% rdg *1 digit 0.0075% rdg/°C 10M ohas
0.1% rdg *1 digit 0.0075% rdg/°C 10M ohns
0.1% rdg #1 digit 0.0375% rdg/°C 10M ohns

Freq. Temp Cozfficient Input
Accuracy Range (0°c to 507C) Impedance __
0.3% rdg * 40 Hz to 0.0225% rdg/°C 1M ohm @
10 kHz
1 digit IM ohm @
IM ohn @
IM ohm @
0.5% vdg 1 40 Hz to 0.0225% rdg/°C 1M ohm @
digit 2 kHz
0.6% rdg *1 10 kHz to 0.0225% rdg/°C 1M ohn @
digit 20 kHz
IM chn @
IM ohm @
IM oham @
1% rdg #1 2 kHz to 0.0225% rdg/°C 1M oha @
digit 10 kHz
Accuracy Temp Coefficient
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8.5

8.6

8.7
8.7.1

B.7.2

Temparature
Coafficient

0.0257 rdg/°C

0.025% rdg/°C

Temp., Coefficient

AC Current

Range Accuracy Freq. Rangz

199.8 uvA 0.4% rdg * 4O Hz to 10 kHz
1.999 mA 1 digit

193.9 uA 0.75% rdg # 10 kHz to 20 kHz
1.993 ma 1 digit

Onms

Current
Range Flow Accuracy

199.9 ohms 1 mA 0.2V
1.999X ohms 1 mA 2V

19.93K ohms 10 uA
0.2V

199.9K ohms 10 uA 2V
1.999M ohms 1 uwA 2V

19.99M ohms 0.1 uA
2V

Environment

Temperature:

Humidity:

0.25/% rdg +3 -1 digit
0.25% rdy %1 digit
0.1% rdg *1 digit

0.1% rdg %1 digit
0.2% rdg *1 digit
0.5%4 rdg *1 digit

0.012/ rdg/°cC
0.012% rdg/°C
0.012% rd3/°cC

0.012% rdg/°C
0.025% rd3/°C
0.025% rdg/°C

Operating Range: +5°C to +45°C

Storage:

-20°C to +50°C

80% maximun relative humidity at 40°C

A=17
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1.1.2

1.1.3

l.z

1.2,1

APPENDIX B

Electronic Functional Parancters that must be tested on the

DRAGON NVS.

All test time shown are based on large volumne production at a rate
of 60 DRAGON NVS Systems per month,

Detector and Bias Assembly

Functional Parameters

Test
No.

2

Type of Test
DC level

AC level
Noise

Continuity

Necessary Instrumentation

Digitial Multimater
True RMS Voltmeter

Oscilloscope

Filter (Low Pass)

System Comparison

Manual System

Set-up Time

Test Time

0.5 hr

3.0 hr
3.5 hr

(SM=D~770215)

Number
of Tests

6l
64
64

3

195

Approx. Value

Millivolts
Millivolts 4 Hz
Millivolts

Short Circuit

Infrared Source
Power Supplied -20V, -6V, +5V

Mschanical

Auto System

Set-up Time

Test Tima

Preamplifier/Multiplexer Assembly (SM-D-770177)

Functional Parameters

Test
No.

i
2

Type of Test

DC Offset
Time Interval

Number
of Tests

64
20

84

Chopper

10.0 minutes

19.1 minutes

29.1 minutes
0.485 hour

Approx. Value

MVDC
L8O sec max.




F.2.2 Necessary Instrumentation

Oscilloscope Pulse Generator
¥ Digital Multimeter Counter/Timer
1 Function Generator Power Supplies, -20V, -6V, +5V
ke 1.2.3 System Comparison
F Manual System Auto System
[- Set-up Timez 0.5 hr Set-up Time 10.0 ninutes
k< Test Time 3.0 hrs Test Time 16.8 minutes
[‘ 3.5 hrs 26.8 minutes
} 0.48 hour
[ 13 Electrical Scannsr Assembly (SM-D-770205)
F UieBied Functional Paramzters
[ Test Number
No. Type of Test of Tests Approx. Value
| ] Timz/Frequency b 300 kHz
DC Level 5 +5 volts max.
3 AC Level a3 13.8 rms max.
iz
V3.2 Necessary Instrumantation
| Counter/Timar
( Pulse Generator
Digital Multimzter
Oscilloscope
Power Supplies =20V, -6V, +5V
{ 1.3.3 System Comparison
Manual System Auto System
Set-up Time 0.3 hr Set-up Time 9.0 minutes
Test Time 10 hr Test Time _9.4 minutes
1.3 hrs 18.4 minutes
| 0.306 hr
.
[ b2
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1.4.1

1.4.2

1.4.3

1.5
1.5.1

Functional Parameters

Test
No. Type of Test
1 DC Level
2 AC Level
3 Time Interval
L Visual Alignment

Necessary Instrumentation
Digital Multimeter
Counter/Timer
Oscilloscope

Power Supply +6V

System Comparison

Manual System

Set-up Tima. 0.4 hr
Test Time 2.0 hrs
2.4 hrs

Power Supply Assembly (SM-D-770179)

Functional Parameters

Test

No. Type of Test
1 Time Interval
2 DCV Monitor
3 DCV Monitor
L AC Level
5 DCV Monitor
6 Ripple Noise
7 Current
8 AC Level

B-3

Auto System

Set-up Tima2

Test Time

Number
of Tests

Approx. Value
1000 volts
25 volts pf

133 ms max.

10.0 minutes
13.5 minutes

23.5 minutes
0.383 hr

Approx. Value

L kHz

Full Load

+5V  +100V
Half Load

+5V  +100V
12.5 Vrms

High Output
+5V  +100V

Millivolt p-p
mA 1 amp max
150 Vrms




1.5.2

1.6

1.6.1

1.6.2

1.6.3

Necessary Instrumentation

Pulse Generator
Counter/Timer
Oscilloscope

Digital Multimeter

Power Supplies +5V, +6V

System Comparison

Manual System

Set-up Time 0.5 hr
Test Time 2.0 hrs
2.5 hrs

Preamplifier and Multiplexer Assembly (SM-D-770204)

Auto System

Set-up Tims

Test Time

Functional Parameters

Test
No. Type of Test
1 Visible Distortion
of Sine Wave
2 Low Frequency Roll-

of f
Necessary Instrunentation
Digital Multimeter

Counter/Timer
Function Generator

Power Supplies +5 vDC, -6 VDC,

System Comparison

Manual System

Set-up Time 0.5 hr
Test Time 2.0 hrs
2.5 hrs:

*Total Time for 8 PC Assemblies.

Nunber
of Tests

8

-20 vVDC

Auto System
Set-up Time

Test Time

10.0 ninutes
15.7 minutes

25.7 minutes
0.428 hr

16 minutes

__8 minutes

24 minutes
0.4 hour
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‘-7
1.7.1

1.7.2

1.7.3

1.8
1.8.1

1.8.2

Logic Board Assembly (SM-D-770202)

Functional Parameters

Test

No. _ Type of Test
1 Time Inverval
2 DC Level

Necessary Instrumentation

Function Genzrator
Counter/Timer

Power Supplies 45V, -6V

Oscilloscope

Digital Multimeter

System Comparison

Manual System

Set-up Timz 0.2 hr

Test Time 1.0 hr
1.2 hrs

Number

Auto Systen
Set-up Tims

Test Timz

Bias Board Assembly (SM-D-770175)

Functional Parameters

Test

No. Type of Test
AC Gain

2 DCV Level

Resistance

Necessary Instrumentation

Functional Generator
Frequency Counter
Oscilloscope

Digital Multimeter

Number
of Tests

64
128

156

B-5

240 sec

+5V

2.0 minutes
6.4 minutes

8.4 minutes
0.14 hour

Approx. Valuz

] 50 mV
-3.0 vDC
0.0 ohm
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1.8.3

Power Supplics

Manual System Auto Systenm

Set-up Time 0.2 hr Set-up Time

Test Time 0.h hr Test Time
0.6 hr

*Total iime for 6 PC Assemblics.,

1.9
1.9.1

Min Resolvable Temperature (MRT) (SM-D-770170)

Functional Parameters

Test Nunber
No. _ Type of Test of Tests
1 Tima Varying DC 8

Necessary Instrumentation

Scanning Microphotonater
Off-axis Collimating Mirror

IR Thermal Source & Target Masks
X=Y Recorder

Power Supplies

Filters

System Comparison

Manual System Auto Systom
Set-up Time 1.0 hr Set-up Tim2
Test Time 4.0 hrs Test Time
5.0 hrs
B-6

12,0 ninutes
7.5 minutes

19.5 minutes
0.325 hour

Approx. Value

Characteristic
Curves

16.0 minutes

136.0 minutes
2,26 hours
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APPENDIX C

1.0 Time and Cost of Computer Automatic Test System Vs.

This section analyzes the timz to run an automated test versus thes tima
to run the sane test manually for the DRAGON NVS. Each type of testing is com-
pared to dsiermine at what point in tim2 a computer Automated Test System bHe-
comas economically feasible,

1.1 _Assemblies and Testing Time for a Manual Station

The present DRAGON APE pilot line utilizes manual procedures to test

the electrical parameters on the following assemblies:

Assemdlies Set-up Time Testing Tinz
(Hrs) “(Hrs)
1. Detector and Bias Assemblies 0.5 3.0
2, Preamp/Multi/Logic/Intercon Assy 0.5 3.0
3. Electrical Scannar Assembly 0.3 1.0
L, Defl. Amp/Hi V Multi/CRT/RET Subassy 0.4 2.0
5. Power Supply Assembly ' 0.5 2.0 |
6. Preamplifier and Multiplexer Assembly 3
of 8 cards 0.5 2.0
7. Logic Boards 0.2 1.0
8. Bias Board (6 pcs) 0.2 0.4
9. Minimun Resolvable Tempesrature 10 KO
Total 4.1 18.4

The total time to test all the electronic functions on these assemblies is:

Set-up Time L.1 hrs
Testing Time 18.4 hrs

Total Testing Time 22,5 hrs

#The times shown are extracted from Appendix B and are based on large volume

production at a rate of 60/month,

c-1




ARG o o A 5

1.2 Manual Test Station

The following delincates the instrunentation of each manual test station
used to test the aforementioned assemblies:

Printer

Oscilloscope

Digital Multimeter

Power Supplies
Counter/Timer

Function Generator

Pulse Generator

Rack Stand

Interconnecting Cabling
MRT Test Station Incremant

1.3 Nunmber of Manual Systems Requirved

As previously mentionzd the time required for a manual test station to
complete all the electronic functional tests for one DRAGON system is 22.5 hours.
Assuning 160 hours a month, the longest manual test timz is 5 hours, wnich yields
a production rate of 32/month considering a single shift. At this rate to pro-
duce 690 systems par month onz will nzed nore than a single shift on this station.
1.h Cost to Opzrate Manual Testing Stations

The cost to operate nine manual test stations with 2 shifts or ecight
and 3 shifts on one can be calculated as follows:

2 shifts x 10 stations x 40 hours = 800 hrs/week

3440 hrs/month

800 hrs/week x 4.3 weecks

Direct Labor Rate : $11.32 hour.

The total cost in man hours per month is

(3440 hrs/month) x($11.32/hr) . = $38,940/month
A production of 5000 systems at 60 systems a month will extend to 84 months. The

total labor cost to operate the manual test stations for 84 months is
($38,9"10/month) x (84 months) = $3,270,960.00.




l.S

Total Cost for Manual Test Stations

The total cost of operating eight manual on two shifts to test 60 systems

a month for 84 months (5000 systems) is:

1.6

Labor

$3,270,960.00

Assemblies on Testing Time for CATS

§4

Assemblies to be tested are the same as for manual test. Testing

time is directly related to the response times of the instrumentation.

Assemblies

Detector and Bias Assemblies

Preamp/Multi/Logic/Intercon
Assembly

Electrical Scanner Assembly

Defi. Amp/Hi V Multi/CRT/
RET Subassembly

Power Supply Assembly

Preamplifier and Multiplexer
Assembly of 8 cards

Logic Boards
Bias Boards (6 pcs)

Minimum Resolvable Tempera-
ture

Total

Set-up Time
10.0 min.

10.0 min

9.0 min.

10.0 min.

10.0 min.

16.0 min.
2.0 min.

12.0 min.

16.0 min.

95.0 min.
1.59 hrs

Testing Time
19.1 min.

16.8 min.

9.4 min.

13.5 min.

15.7 min.

8.0 min
6.4 min.
7.5 min,

120.0 min.,

216.4 min.
3.61 hrs.




The total time to test all the electronic functions on these assemblies
utilizing CATS is:

Set-up Time 1.59 hrs
Testing Time 3.61 hrs

Total CATS Testing time for one system is 5.2 hours. This compares to 22.5 hours
for manual test.

As before these figures are extracted from Appendix B. It should be noted
the decrease in set up time is due to the increased capabilities of the more

sophisticated Interface Devices.

1.7 Cost Per Computer Automated Test System

The following delineates the cost of computer Automated Test System.
Mini Computer, which includes:

a) Teleprinter

b) 16K words of core
¢) Punch tape reader
d) Contro) panel

e) Patch panzl

f) ATLAS interpreter
g) Tape Drive

Power Supplies
Digital Multimeter
Counter/Timer
Function Generator
Pulse Generator
CRT Display
Switching Subsystem

Interface Devices
Special IR Test Equipment

The approximate computer and test equipment hardware cost of one CATS
is $138,000. Equivalent cost for two CATS is $244,000.
It should be noted that a programmable oscilloscope was not included be-

cause the speed of the CATS negates visual parameter interpretation. In those

C-k




instances where the oscilloscope was used in the manual stations, thc CATS will
modify its software to implement other measuring instruments.

1.8 Number of CATS Required

The time required to complete the functional electronic testing of one
DRAGON NVS utilizing CATS is 5.2 hours. Assuming 160 hours a month, onz CATS
will test
160 hrs/month = 30.0 systems a month.
To test 60 systems a month requires 2 systems.
Two Computer Automated Test Systems will cost approximately $285,000.
This would include the cost of in-house set up, operator training, special test

fixtures and Quality Control inspection.

1.9 Cost to Operate CATS

The time required to test 60 systems a month utilizing two stations is
(2 man) x (40 hrs/wk) x (4.3 wks) = 344 hrs/month.
Assuming direct labor and overhead at the rate of $11.32/hour then the
cost to test 60 systems a month is
(344 hrs) x ($11.32) = $3894/month.
A production of 5000 systems at 60 systems a month will extend to 84
months. Thz total labor cost to operate the CATS for 84 months is
($3834/months) x (84 months) = $327,103.
2.0 Software
The cost to generate the software is now calculated.

2,1 Test Program Tape

A typical end-to-end test program, for any of the aforementioned assemblies,

will consist of approximately 250 test statements. There are 5 - 10 computer

—p
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instructions per statement and there are 1 ~ 3 computer words per instruction.
Therefore, a typical test program will amount to

(250 statements) x (8 comp. inst.) x (2 words) = 4000 words per
test program

The memory capacity of each CATS is 16K words, hard core, plus 100K words
in the tape drive. An ATLAS language compiler will consun2 approxima‘ely 32K
words.

The average cost to develop a tape, assuming ninz taoes are developed
is $13,690.

2,2 Test Program Instruction TPI

The cost per each Test Program Instruction will be approximately $5,120.

2.3 Interface Device

Assumz that the cost of each ID will be approximately 55 percent of the
sun of the tape and the instruction manual.
Therefore, the cost of each ID is estimated to be
($13,600 + $5,120) x 55% = $10,209.

2.4 Total Software Costs

The total cost of a Test Program Set (TPS) for each assembly will bz as

follows:
Test Program Tape $13,600,
Test Program Instructions 5,120,
Interface Device 10,200.
Cost per TPS $28,920.

For nine Test Program Sets the total cost will be approximately:

(9 TPS's) x (28,920) = $260,000,

S
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3.0 Test and CATS Cost

Total cost for 2 CATS systems and the cost of testing 5000 DRAGON

NVS over a period of 84 months (60/month) is as follows:

Test Labor Cost $327,103.
Hardware (2 systems) $244,400,
In-house Set-up (2 systems) $ 40,000.
Software (9 TPS's) $260,000.
Total Cost $871,503.,
4.0 System Cost Comparison

In comparing the two testing methods the cost of hardware in the manual
stations is excluded since they exist as operational units in the APE pilot
production line.

The difference in using manual test stations, for 5000 systems over

a period of 84 months, and an automatic test system is:

Manual Test Stations $3,344,778.  Labor
Automatic Test System 871,503. Labor & CATS
Cost

Savings using CATS 5000
systems $2,473,275.

From Figure 1 it is seen that the break even point between the two is ap-

proximately 960 DRAGON systems or 15 months. The cost savings thereafter using

CATS is $36,500 a month.

5.0 Diagnostic Programs

The automatic testing outlined in this report concerns itself primarily
with end-to-end testing. Under the present philosophy if an assembly has a mal-
function it is taken off the CATS and given to a technician who will conduct a

manual procedure to isolate the fault. It may, at some point, be desirable
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(station time permitting) to diagnose to the faulty components automatically.

To implement this diagnostic procedure diagnostic programs must be developed.

The scope of this report will not cover the details of a Diagnostic program, but

som2 general observation will be stated.

A Diagnostic program consists mainly of two parts, an end-to-end test

and a fault isolation sub routinz,

5.1

5.2

5.3

The end-to~-end test is similar to the end-to-end conducted on the pro-
duction CATS except that more parameters are checked with constricted
tolerances.

If any test in the end-to-end procedure fails, the program automatically
enters into a fault isolation diagnosis. This diagnosis will eventually
locate the faulty componant (or group of faulty components usually 3 or
less) and indicate this to the operator via video display or teleprinter.

The cost of developing a Diagnostic Test Proaram Set is approximatelyv:

Test Program Tape $25,000

Test Program Instruction 8,000

Interface Device 7,000 _
Cost for one self test TPS $40,000

The time required to identify the faulty componznts will vary fron 1 = 15
minutes per assembly as a worses case.
To date, no accurate estimate exists that can indicate the time to trouble

shoot faulty assemblies manually.
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APPENDIX D

TABLE |

TEST INSTRUMENTATION REQUIRED TO TEST EACH ASSEMBLY

Equipment Required Per Test

l.

Detector and Bias Assembly

Preamplifier/Multiplexer
Assembly

Electrical Scanner Assembly

Defl. Amp/HiV Multi/CRT/
RET Subassembly

Power Supply Assembly

Preamplifier and Multiplexer
Assembly

Necesosary Instrunentation

Digital Multimater

True RMS Voltmeter
Oscilloscope

Filter (Low Pass)

Infrared Source

Power Supplies =20V, -6V, 45V
Mechanical Chopper

Oscilloscope

Digital Multimater

Function Genzrator

Pulse Generator

Counter/Timar

Power Supplies -20V, -6V, +5V

Counter/Timer

Pulse Genzrator

Digital Multimeter
Oscilloscope

Power Supplies -20V, -6V, +5V

Digital Multimeter
Counter/Timer
Oscilloscope

Power Supply +6V

Pulse Generator
Counter/Timzr
Oscilloscope

Digital Multimzter
Power Supplies +5V, +6V

Digital Multimater
Counter/Timar

Function Generator
Power Supplies 45 vDC, =6 vDC, =20 VDC




TABLE 1 (CONT)

Equipment Required Per Test (Cont) Necessary Instrumentation

7. Logic Board Assembly Function Generator
Counter/Timer
Power Supplies 45V, -6V
Oscilloscope
Digital Multimeter

8. Bias Board Assembly Function Generator
Frequency Counter
Oscilloscope
Digital Multimzter

9. Min. Resolvable Temparature (MRT) Scanning Microphotometer
Of f-axis Collimating Mirror
IR Thermal Source & Target Masks
X-Y Recorder
Power Supplies
Filter




3 TABLE 2

) TABLE 2 DESCRIBES THE FOLLOWING PARAMETERS OF
L EACH ASSEMBLY TO BE TESTED

ii Typzs of Test par Assembly

1. Type of Tests
2, Numder of Tests
3. Approximate Value

1. Detector and Bias Assambly

Qﬂ Number
: Type of Test of Tests Apurox. Valuz
'l DC Level 64 Millivolts
AC Level 64 Millivolts at 4 Hz
] Noise 6L Millivolts
i Continuity 3 Short Circuit
195
. 2, Preamplifier/Multiplexer Assembly
3 Number
i Iype of Test of Tests Appiox. Valu:z
B R e e 2=l
: DC Offset 64 mV DC
f Time Interval 20 L89 sec max
84
3. Electrical Scanner Assembly
Number
Type of Test of Tests Approx, Value
Time/Frequancy L 300 kHz
DC Level 5 +5V max
AC Level P 13.8 rms max
12
L, Dpefl. Amp/HiV Multi/
CRT/RET Subassembly Wi
. Type of Test of Tests Approx. Value
| DC Level 13 1000V
AC Level 7 25V pf
Time Interval 1 133 msec max
Visual Alignment 9
30




Biicunosedisiig <

TABLE 2 (CONT)

5. Power Supply Asscmbly

Number
Type of Test of Tests
Time Interval 2
DCV Monitor 5
DCV Monitor 5
AC Level 1
DCV Monitor 5
Ripple Noise 10
Current 5
AC Level Sl
34

6. Preamplifier and Multiplexer Assembly

Fype of Test Number of Tests

Visible Distortion
of Sine Wave 8

Low Frequency Roll-

of f Lo B
16 x 8 = 128
7. Logic Board Assembly
: Number
Type of Test of flesiks
Time Interval 45
DC Level 2
L7

Approx. Value

L kHz

Full Load
+5V +]100V

Half Load
+5V +100V

12.5 Vrms

High Output
+5V  +100V

Millivolt p-p
mA 1 amp max

150 Vrms

Approx. Value

240 sec
+5V
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TABLE 2 (CONT)

et v e P R P S 471

8- “ids Board Asse "h:"-,

Numboer
, Type of Test of Tests Approx. Value
AC Gain 6h 150 mv
DCV Level 128 -3.0 VDC
Resistance S 0.0 ohm
196

9. Min. Resolvable Temperature (MRT)

Nuatbotr
Type of Test of Tests Approx, Value

Time Varying DC 8 Characteristic Curve
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TEST PARAMETERS OF EACH ASSEMBLY

Number of Tests
Stimulus
Stimulus Instrumantation
. Measurement
. Measurement Instrumzntation
. Numnber of Pins required,

TABLE 3

Detector Bias Assembly

Test
1-64
1-64
1-64
1-64

500°C
500°C
Room Temp
Room Temp

Instrumen.
IR Source
IR Source
Blackbody
Blackbody

Meas.

AC Gain

DC Level
Interference
Noise

Preamplifier/Multi Logic Interconnection

21-29

30-40

Square
Wave

Square
Wave
Sine Wave

DCV

Resistance

Pulse Gen

Puise Gen

Function Gen

Power Supply

Scanner Assembly (Electrical)

Test Stimuli Instru

1 300 kHz Scannar
Mirror Switch
Simulator

2 300 kHz u

3 300 kHz !

L 300 kHz UL

5 300 kHz £

6 300 kHz "

7 DCV PS

8 ACvV Scanner
Simulator

9 Pulses Pulse Gen

Timing

Muilipiexing

Multiplexing
DC Offset

0dMS

Meas.

Frequency

Square Wave
VRMS
Freq
Freq
VRMS
DCV
ACV

VRMS

Meas. Instrumen.

RMS VM
DMM
RMS VM
DM

Oscilloscope
Counter/Timzar

Gscilluscope
Counter/Timer

DMM

quM

Mzas.Instru
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1 DCv
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TABLE 3 (CONT)

Preamplificr Assemblies

Pin
Test Stimulus Instru Meas Meas Instru Conn
1-8 Sine Wave Pulse Gen Spectrun Oscilloscope 18
Distortion
Square Wave Function Gen 4 Counter/Timer
9-16 Sinz Wave Function Gen Low Freq Oscilloscope 18
Roll-off
Logic Board Assembly
1-3 Square Wave Pulse Gen Timing Counter/Timar 10
L-18 Sine Wave Function Gen Timing Counter/Timar 24
Oscilloscope
19-20 bvC Power Supplies DvC DAM 5 i
Detector Bias Network
1-11 pey Power Supplies DCV DMM 24 |
12-31 ACV Function Gen Acv DMM 24
Oscilloscope
Min. Resolvable Temparature (MRT)
1 Temp IR Source Charac- Microphotometer g
teristics
1
|
|
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TABLE b

TOTAL PIN CONNECTIONS REQUIRED FOR EACH ASSEMBLY

Assembly Input Output Total
St I Pins _ Pins__ Pins
1. Dete-tor Bias Assembly 8 64 72
2. Preamplifier/Multiplexer Assembly 71 24 95
3. Electrical Scanner Assembly 9 9 18
L. Dpefl. Amp/Hi V Multi/CRT/RET |
Subassembly 2 + (64) 12 1% |
5. Power Supply Assembly 3 10 13
6. Preamplifier and Multiplexer ;
Assembly 17 1 18
7. Logic Board Assembly 7 17 24 i
8. Bias Board Assembly 13 11 2k
9. Min. Resclvable Temperature (MRT) 8 1 9 A
]
0-9
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This is Volume 1 of three volumes.
Volume 2 contains the Planning and
Procedures for the Detector Assem-
bly. Volume 3 contains the Planning
and Procedures for the Cryostat

Assembly.
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l FINAL PRODUCTION PLAN

[ 1. PURPOSE

l This Final Production Plan is submitted in response to the requirements
for Contract Line Item 0011 /A009. This plan, when implemented, will

establish a single shift production capability of 60 Dragon Detector As-
‘ semblies and Dragon Cryostat Assemblies per month.

This production plan is intended to supplement the initial pilot preduction
capability which was established for 20 Detector Assemblies and Cryo-
stat Assemblies per month on a single shift basis and 35 per month on a

; double shift basis. The initial pilot production capabilities are described
E\ in the Preliminary Production Plan previously submitted under Contract
jt Line Item 0011/A008.

1II. CONFIGURATION

This production plan is based on implementing production capability for
the product described as follows:

[ Detector Assembly

Drawings

[ SM-D-770349L Detector, Infrared
SM-A-649902A A Detector Array (U)

Specifications

C2a 2302-01011010A=1 Critical Item Product Function
Specification for Detector

Cryostat Assembly

Drawings
SM-D-649252AB Cryostat Assembly

Specifications

C2a 2302-01011020A-1 Critical Item Product Function
Specification for Cryostat

SANTA BARBARA RESEARCH CENTER ]
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1II. MANUFACTURING PLAN

A. Manufacturing Implementation

1. Major Tasks - Project Network Chart (Figure 1)

This chart shows the major tasks to be performed in providing
manufacturing implementation for the Dragon production pro-
gram at a maximum rate of 60 Detector Assemblies and Cryo-
stat Assemblies a month. [he chart also shows the interde -
pendency of each task that is required to accomplish this proeram,
Make or Buy decisions for additional tooling requirements and
facility layout decisions will be dependent on the particular con-
ditions at the time of contract award.

2. Work Statement Requirement Summary

The following series of items describes the approach to be used
in providing the necessary manufacturing implementation, and
details the format that has been used to provide the necessary
information. This information follows the outline established
in the contract work statement requirements.

a. Production Engineering Design

SBRC reviewed the design for the Dragon Detector Assem-
bly and the Cryostat Assembly and incorporated the changes
necessary to make them producible items. The design
changes have been documented on the drawings and speci-
fications submitted under Contract Line Item 0011/A018. A
discussion of the design changes may be found in the Final
Technical Report, Contract Line Item 0011/A014.

b. List of Component Parts and Materials

Manufacturing planning sheets have been prepared to de-
scribe all the component parts and materials used to fab-
ricate the detector assembly and cryostat assembly. These
manufacturing planning sheets, including a list of component
parts, are arranged so that they facilitate the release of
Work Orders that will be used on the production program.
The manufacturing planning sheets may be found in Volumes
& and 3,

c. Make or Buy Determinations

SBRC has reviewed each part used on this program to de-
terimine whether the items should be made at SBRC or
purchased from a supplicr. Manufacturing Planning and
Supplier Planning have been prepared for each of these

SANTA BARBARA RESEARCH CENTER 2
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items. The items with Manufacturing Planning are con-
sidered make items and parts with Supplier Planning are
considered buy items., Consolidated parts lists which in-
clude the make or buy decision for cach part may be found
in Attachments J and K.

I.ead Time Determination

Each item in this program has been reviewed to determine
the lead time necessary to produce the item or to buy the
item if it is a purchased part. This information is suni-
marized on the Manufacturing Planning or Supplier Planning
documents and is also contained in the Manufacturing Set-
back Chart (Attachment B).

Production Methods and Processes

SBRC has devéloped the production methods, sequence of
manufacture, processes and complete documentation of the
manufacturing methods for all the parts used on the Dragon
Detector Assembly and Cryostat Assembly. This informa-
tion is documented on the Manufacturing Planning, Supplier
Planning, Manufacturing Procedures, Standard Manufactur-
ing Procedures and Manufacturing Purchase Descriptions.
This information has been prepared and released at SRRC
and is considered a necessary part of the manufacturing
implementation for this program. The detailed Manufac-
turing Procedures may be found in Volumes 2 and 3

Production Plan

This Final Production Plan describes the items of imple-
mentation that have been prepared to provide the pilot pro-
duction capability described in the Preliminary Production
Plan. This basic pilot production capability can easily be
increased to the single shift production capability for 60
Detector Assemblies and Cryostat Assemblies a month by
providing the additional tools and implementation described
herein.

Production Line Yields and Rework Procedures

All the manufacturing operations used on this program have
been reviewed and the yield for ecach operation has been
estimated, This information may be found in Attachments
J and K under the column titled "Attrition Factor. " Rework
procedures are incorporated as part of the Manufacturing
Procedures contained in Volumes 2 and 3.

SANTA BARBARA RESEARCH CENTER 4
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h. IEstablish Production Line

An initial production capability meeting the pilot production

requirements of 20 units per month on a single shift basis

! and 35 units per month on a double shift basis has been es-
tablished as part of this Advance Production Engineering
; program, This capability is described in the Preliminary
b Production Plan and includes the tooling and equipment de
4‘: scribed in Attachment D.
{ P Fabrication of Advance Production Enginee ring (APE)
: Models
Two validation units and two APE units have been fabricated
3 utilizing the production methods, tooling and equipment that
were created for the Advance Production Engincering pro
gram, All the operations have been validated and are con-
sidered ready for the production program.
. Production Drawings
1 J Lo CI T s e
A complete set of engineering drawings, specifications,
and an Assembly Configuration List which adequately de-
' scribes the product to be produced has been released and
provides the configuration identification for the AP models
4 that were produced under this contract. These documents
' have been submitted as a sepcrate data item (CLI 0011 fAQ018).
k. Engincering Drawings for Special Tooling and
Test Equipment
All the tools used to fabricate the APE models are described
E on Engineering Drawings which have been submitted under a
separate data item in this contract (CLI 0011/A006). Test
equipment drawings have been submitted to show the confipu-
ration of the SAIE Test Set which is funded under this pro
gram (CLI 0011/A0189).
1. Special Tooling and Test Equipment
A complete set of tooling and test set equipment has been fab-
ricated to carry out the pilot production objectives described
: in the Preliminary Production Plan. Attached is a list of
E | _special tooling and test equipment that has been fabricated
| for use on this program (Attachment D). SBRC also requires
the use of the Government Owned Tooling and Test Equip-
ment described in Attachment I on a rent free, noninter
| ference basis. These two lists summarize a complete list

of the in-house special tooling and test equipment necessary
to carry out the pilot production program, except that SBRC

SANTA BARBARA RESEARCH CENTER 5
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owned tools are not included in the list. TLists of SBRC
owned tooling needs mmay be found in the Manufacturing Pro-
cedures in Volumes 2 and 3. Attachment G lists the vendor
tooling fabricated for the APIT contract.

Final Production liine Description

SBRC has established the pilot production line required for the Ad-

vance Production IKngincering contract, The following informnation
fad ¢ &

summarizes and describes the basic concept for this implementation

plan.

L.

Operation Process Chart (Attachmeni A)

This chart indicates the manufacturing and inspection operation
sequence for the assembly of the Dragon Detector Assembly and
the Dragon Cryostat Assembly., The flow chart also shows the
flow of parts for all purchased and manufactured items. Opera-
tion numbers may be found on the Manufacturing Planning docu-
ments given in Volumes 2 and 3,

i Manufacturing Setback Chart (Attachment B)
This chart is intended to show the critical path relationship and
the time sequenced events that are necessary to produce this
product in accordance with the predetermined schedule. It is
also intended that this chart will be the basis for a line-of-balance
chart that can be used to control the production program. Set-
back times are given on the Manufacturing Planning documents
found in Volumes 2 and 3.

3. Production Line Layout (Attachment C)
This line layout defines the primary areas that will be used for
the Production Program defined. (Some auxiliary supporting
areas comprising general purpose manufacturing facilities are
not shown; i.e., PbSe detector deposition, preparation, and
photoetch facilities.) This layout also describes the facilities
and equipment that will be allocated for this production progran.
The general work areas are shown in Attachment C, This lay-
out includes processing and assembly areas subject to change
at the time of contract award.

4, Pilot Production Special Tooling and Test Ilquipment
(Attachment D)
This list sunumarizes the items of special tooling and test equip-
ment that were fabricated on the Dragon APE program and are
required for use on initial production programs, Additional

BARBARA RESEARCH CENTER 6
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lists of standard tools and equipment are given in the Manufac-
turing Procedures contained in Volumes 2 and 3,

Production Special Tooling and Test FEquipment (Attachment F)

6.

This list identifies the special tooling and test equipment that is
necessary to increase the production rate capability from the
pilot production status to the production rate capability of 60
Dragon Detector Assemblies and Cryostat Assemblies per month,

Government Owned Special Tooling and Test Equipment

(Attachment F)

This list contains all the government owned special tooling and
test equipment that is required on a rent free, noninterference
basis for the pilot production or production programs.

C. Production Methods and Planning

The following is a very general discussion of methods and processes
that have been developed to fabricate and assemble the detector pack-
age, detector array and cryostat. Detailed documentation of the
methods and processes is given in Volumes 2 and 3.

Detector Package

The detector package consists of a linear array of 64 photocon-
ductive PbSe elements packaged in a glass/metal dewar. The
dewar consists of three major subassemblies which are: the
Window Section, the radial feedthrough or Sunburst Assembly,
and the Stem Assembly.

The Window Section is manufactured by first beading a metal
flange with a glass whose coefficient of expansion nearly matches
that of the metal. A piece of glass tubing with a slightly differ-
ent coefficient of expansion is then attached to the glass on the
flange. These operations are performed using special holding
fixtures and standard glass lathe equipment. To this assembly,
the sapphire window is attached by heating the assembly on a
fixture mounted in an RF Generator coil. The tubulation is then
added to the side of the Window Section for use in later evacua-
tion of the Dewar Detector Assembly. Finally an evaporated
aluminum coating is applied to the inside walls of the Window
Section.

The radial feedthrough or Sunburst Assembly is manufactured
by first beading two flanges with glass. These glass beaded
flanges along with metal pins are mounted in a carbon mold.
The parts are then fused together by means of induction heating
in an RF Generator coil,

SANTA BARBARA RESEARCH CENTER v
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The Stem Assembly consists of a glass beaded metal flange to
which a precision bore glass tube is attached.  The plass tube
is subscquently scaled off at one end and ground to tight toler-
ances using a fine diamond grinding wheel. To provide conduc-
tive leads from the Detector Array, which is mounted onto the
closed end of the Stem Asscimbly, silver paint is sprayed onto
the tube and fused to the glass by heating in an oven, The paint

is then covered with a masking material. The masking material

S
is scribed through to allow an etching solution to remove silver
paint in these areas. The masking material is then removed

leaving the delineated stripe pattern,

The Detector Assembly is assembled by first heliarc (tungsten
inert gas atmosphere) welding the Stem Assembly flange to one
of the Sunburst Assembly flanges. At this point, wire connec-
tions are made from the Sunburst pins to the Stem Assembly
silver stripes. Next, the Detector Array is mounted on the end
of the Stem Assembly and another set of wire connections is
made. Following the attachment of the Detector Array wires

to the Stem Assembly silver stripes, the Filter Holder is
attached. For final assembly considerations, the Filter Holder
is oriented very precisely to the Detector Array. The Filter

is then mounted to the Filter Holder. After the Detector Assem-
bly is tested, the Window Section is heliarc welded to the Sun-
burst Assembly IFlange. The Detector Assembly 1s then placed
on a vacuum system, vacuum baked, barium getter fired, and
the tubulation is sealed off, Bonding the mounting flange, pot-
ting the radial feedthroughs, and painting complete the assembly
operations,

Detector Array

To fabricate the 64-clenient linear Detector Array, basic manu-
facturing process procedures used on other manufacturing pro-
grams are used. These steps include substrate preparation,
chemical deposition of PbSe film, delineation of the array ele-
ments using photolithographic techniques, film sensitization,
vacuum deposition of metal electrodes to the detector elements,
and bonding lead wires to the electrode pads. These arrays are
tested in test dewars prior to mounting on Stem Assemblies.

Cryostat

The demand flow Cryostat used in the Dragon Detector Assem-
bly is very similar to one that was produced in production quan-
tities at SBRC for another application, In fact, some of the
component subassemblies are identical. This allows manufac-
ture of the Dragon demand flow Cryostat with a minimum of

SANTA BARBARA RESEARCH CENTER 8
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special tooling. Extensive use is made of SBRC and Government
owned special tooling. Except for the gas line Filter Assembly,
all Cryostat Assembly operations are performed at SBRC. The
Filter Assembly is a subcontracted part to a supplier having
furnace brazing capability. This allows a low cost Filter As-
sembly with minimum risk of contaimination,

Configuration Control

The configuration control is obtained by the Assembly Config ‘ration
List (ACL), Manufacturing Planning and Manufacturing Procedures.
The ACL is an indentured drawing list that includes drawing revision
letters of all subassemblies and parts to reflect the current status of
released drawings. For each manufactured part, a Manufacturing
Planning document and a Fabrication/Assembly Record form are
issued with the work order. The Manufacturing Planning document
carries the current revision letter of the applicable engineering
drawing, and lists the sequence of operations with operation numbers
and the responsible performing department. KEach operation number
is entered on the Fabrication/Assembly Record (Assembly History
Record) when performed and initialed by the operator or inspector
as appropriate. KEach operation is controlled by a manufacturing or
inspection procedure. Manufacturing Planning and Procedure docu-
ments are controlled by the Production Engineering Section. Prior
to release of these docuimnents, siguature approval is obtained {ioin
the Engineering, Quality Assurance, and Manufacturing Project
representatives. A Configuration Management Plan is given in
Attachment H.

IV. QUALITY ASSURANCE PLAN

A.

Documentation

The Quality Assurance Procedures and Inspection Instructions have
been prepared to support the manufacturing and inspection sequence
flow described herecin. The Quality Assurance Procedures and In-

specticn Instructions are contained in Volumes 2 and 3.

Special Tooling

All the special inspection tools and fixtures of the type necessary to
support a production rate of up to 60 units per month have been built
and checked out. This tooling and the operation or item for which
it is used are included in Attachment D.

SANTA BARBARA RESEARCH CENTER 9
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C. Swvvporting Requirements

The established SBRC operating procedares and tasks applicable to
high rate production programs are included as Attachment 1. Quality
Assurance Practices approved by the Director, Quality Assurance,
promulgate the policies governing all operations affecting product

quality,
|
i
{
SANTA BARBARA RESEARCH CENTER 10
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OPERATION PROCESS CHARTS
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Attachment D

PI1LOT PRODUCTION SPECTAL TOOLING AND TEST EQUIPMENT

Item Part Number Description Quantity Application
1 MD32275 Fixture, Stem Grinding 1 46945
2 MD32276C Gauge, Stem 1 46945
3 MD32277A Gauge, Run-0ff 1 46945
4 MD32278C Gauge, Length 1 46945
5 MD323018 Fixture, Flange Holding 2 46945
6 MD32302A Fixture, Stem and Closing 1 46945
7 MD32315A Fixture, Stem Forming 1 46945
8 MD32316B Fixture, Tip-Off Installation 1 46943
9 MD32317A Die: Blank Shield 1§ 46948
10 MD32318A Form Die-Shield 1 46948
11 MD32320A Fixture, Leak Check 1 46943
46945, 46944
12 MD32324A Fixture, Aluminize Window Assembly 1 46943
13 MD32325B Fixture, Stem Assemblv Striping 1 46945
14 MD32328B Fixture, Heli-Arc Weld 1 46950
15 MD32344A Flushing Station, Portable 1 45439
48898, 49106
16 MD32345A Fixture, Trim Deflector 1 49106
17 MD32346A Spot Weld Electrodes 1 49106
j 18 MD32347A Adapter 5121 Connector to Disconnect 20 48898
i 19 MD32349A Fixture, Lap Sleeve 1 48898
? 20 MD32350A Fixture, Form Bridge 1 48898
% 21 MD323524 Adapter Miniature Fitting to 4 48900
, ; Purge Gland
| 22 MD323548 Form Die 1 48907
| 23 MD32355A Fixture, Form Inlet Tube 1 49094
24 MD32357C Fixture, Braze Charge Tube to 1 48914

Bellows Screw




Attachment D

Page 2

PILOT PRODUCTION SPECIAL TOOLING AND TEST EQUIPMENT

Part Number

Description

MD32358R

MD323598
MD323633
MD32364 B
MD32365A
MD32366 3
MD32367C

MD32370 5

MD32373 B

MD32374 A

MD32377 A

MD32379 B

MD32381 C
MD32382 B
MD32383 C
MD32384 D
MD32385 C

MD32386 A

MD32388 A

MD32392 A

MD32393 B

MD32396 A

Fixture, Braze Mandrel Ring
to Tube

Fixture, Swage Filter to Retainer
Window Sealing Block

Masking Disk

Fixture, Firing Rack

Fixture, Form Getter Wires
Fixture, Weld Shield to Flange

Fixture, Weld Platinum Wires to
Feed Thru Pins

Fixture, Solder Wires to Stripes

Fixture, Weld Detector Leads to
Stripes

Tubulation Mask, Aluminize Window

Fixture, Mount and Align Detector
Array

Cover, Preliminary Window Assembly

Protective Cover, Sunburst Flange
Fixture, Pot Mounting Flange
Fixture, Potting Sunburst
Fixture, Mount Flask Adapter

Fixture, Mask Detector Assembly
for Painting

Fixture, Check Isolation and
Resistance

Fixture, Plate Feed Thru Pins

Fixture, Braze Adapter to Mandrel
Tube

Fixture, Align Flange to Filter
Holder

Quantity
1

24

3

31

Application

48905

45439
46943
46943
46945
46944
46944

46944

46950

46950

46943

46950

46950
46944
46951
46951
46951

46951

46944

46944

48905

46951




Attachment D

Page 3
PILOT PRODUCTION SPECIAL TOOLING AND TEST FQUIPMENT
Itenm Part Number Description Quantity Application
47 MD32398C Fixture, Position and Solder 1 49106
Valve
48 MD32402A Mold, Pin Feed Thru 1 46944
49 ML32404B Fixture, Press Filter Holder 1 46950
on Stem
'R 50 MD32411R Fixture, Detector Height 1 46950
‘ 51 MD32412A Fixture, Paint Mask 1 46951
{ 52 MD324294 R. F. Generator Coil 1 46944
| 53 MD32432A Shroud, Inert Gas 1 46944
54 MD32434B Spot Weld Electrodes 1 46944
55 MD32443B Extension Split Electrode Welder 1 46950
56 MD32447A Fixture, Solder Sleeve 1 48898
57 MD32448B Protective Cover, Sunburst Stem 56 46950
Assembly
58 MD32453A Fixture, Hold Detector Assembly 1 46950
on Comparator
59 MD32454A Comparator Overlav, Detector Dewar 1 46950
Assembly
60 MD32455A Fixture, Hold Sunburst on Comparator 1 46944
61 MD32456A Comparator Overlay, Sunburst Lead 1 46944
Position
62 MD32458A Ring Gage 1 46950
63 MD32461A Go Gage 1.D. 3 Places 1 48911
64 MD32462R Fixture, Hold Housing on Comparator 1 48911
65 MD32463A Comparator Overlay 1 48911
66 MD32465A Fixture, Vacuum Holding 1 48964
67 MD32466A Comparator Overlay 1 48964




Attachment D

f Page 4

[ : PILOT PRODUCTION SFECIAL TOOLING AND TEST EQUIPMENT
Ttem Part Number Description Quantitv Application
68 MD32467B Fixture, Hold Flange on Comparator 1 46949

! 69 MDN32468A Comparator Overlay, Flange 1 46949

.§ Mounting

70 MD32469A Fixture, Leak Check 1 45439

| 71 MD32470A Fixture, Flow Rate 1 45439
72 MD32472A Gauge, True Position 1 45461
73 MD32473B Gauge, True Position 1 45440
74 MD32474 A Fixture, Inspect Runout 1 46944
75 MD32475A Fixture, Check True Position 1 46943
76 MD32476A Fixture, Vacuum Bake, Sunburst 6 46944
77 MD32477A Fixture, Vacuum Bake Stem 6 46945
78 MD32478A Fixture, Vacuum Bake, Window 6 46943

Housing

79 MD32481A Fixture, Final Leak Test 1 46950
80 MD32483 A Test Fixture 1 46951
81 MD32498A Plug Gage, Outer Glass 1 46943
82 MD32503A Hand Lap 6 47015
83 MD32504 A Glass Cleaning Rack 6 47015
84 MD32505A Intermediate Electrode Mask * 47015
85 MD32506 A Inner Electrode Mask * 47015
86 MD32507 A Outer Electrode Mask * 47015
87 MD32508 & Substrate Holder Metal Evaporation 60 47015
88 MD325104 Inner Mask Holder 180 47015
89 MD32512A Fixture, Bond Lead Wires 1 47015
90 MD32513 A PbSe Deposition Glass Ware 4 47015

*Consumable Tool




Attachment D

yT——

Page 5
f PILOT PRODUCTTON SPECIAL TOOLING AND TEST FQUIPMENT
F
|
ltem Part Number Description Quantity Application
[ 91 MD32514A Mask Aligner 1 47015
F_L 92 MD32515A Photomask 66 Element * 47015
- *Consumable Tool
-
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Attachment E

PRODUCTION SPECIAL TOOLING AND TEST EQUIPMENT

Item Part Number Description Quantity Application
) MD32275C Fixture, Stem Grinding 1 46945
2 MD32302A Fixture, Stem and Closing 1 46945
3 MD323154 Fixture, Stem Forming i 46945
4 MD32316B Fixture, Tip-Off Installation 1 46943
5 MD32347A Adapter 5121 Connector to Disconnect 20 48898
6 MD32352A Adapter Miniature Fitting to Purge 4 48900
Gland
Ai 7 MD323744A Fixture, Weld Detector Leads to 1 46950
jf Stripes
2% 8 MD32381C Cover, Preliminarv Window Assembly 7 46950
} 9 MD32382B Protective Cover, Sunburst Flange 31 46950
; 10 MD32383C Fixture, Pot Mounting Flange 5 46951
: 11 MD32384D Fixture, Potting Sunburst 5 46951
12 MD32385C Fixture, Mount Flask Adapter 5 46951
13 MD32448B Protective Cover, Sunburst Stem 56 46950
| Assembly
14 MD32476A Fixture, Vacuum Bake, Sunburst 18 46944
15 MD32477A Fixture, Vacuum Bake Stem 26 46945
16 MD32478A Fixture, Vacuum Bake, Window 36 46943
Housing
17 MD32503A Hand Lap 6 47015
18 MD32504A Glass Cleaning Rack 6 47015

19 MD32512A Fixture Bond Lead Wires 1 47015
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Attachment F

Primary
ID Number

93872000073
USN 5648-74
USN 5648-80
USN(3090)19058
SA2197304

USA 2490-A
MD31272
MD31274
MD31275
MD30592-1
MD31004-1
MD31005-1
MD31007-1
MD31008-1
MD31009-1
MD31012-1
MD31015-1
MD31016-1
MD31019-1
MD31021-1
MD31024-1
MD31040-1
MD31041-1 & -2
MD31042

MD31044-1 & -2

Item Description

Fuiie Hood, Double

Station, Lead Acetate Preparation

Panel, Deposition Control

Tin Building (315)
Station, Deposition

Test Set, Hi-Low Temp

Test Station, High Pressure
Test Station, Life and Thermal
Test Station, Functional

Fixture, Grind Spring to Length

Gage, Indicator
Gage, G-No-Go
Fixture, Slotting
Fixture, Winding
Chart, Comparator
Gage, Depth

Gage, Concentricity
Chart, Comparator
Chart, Comparator
Gage, Plug

Chart, Comparator
Fixture, Forming
Fixture, Positioning
Fixture, Positioning

Fixture, Positioning

GOVERNMENT OWNED SPECIAL TOOLING AND TEST EOUIPMENT

Accountable
Contract No.

NONNL7-72-C~5506
NNDN17~-72-C~5506
NOON17-72~-C-~-5506
NNON17-72-C~5506
NO0D017-72-C-5506
NAS 7-100 (JPL-953273)
PO 05-457073

PO 05-457073

PO 05-457073

PO 05-457073

PO 05-457072

PO 05-457073

PO 05-457073

PO N5-457073

PO 05-457073

PO N5-457073

PO 05-457073

PO 05-457N73

PO 05-457073

PO 05-457073

PO 05-457073

PO 05-457073

PO 05-457073

PO 05-457073

PO 05-457073



Attachment F

Pape 2

Primary
ID Number

MD31046-1
MD31059-1
MD31065-1
MD31067-1
MB31070-1
MD31072-1
MD31074-1
MD31078-1
MD31079-1
MD31080-1
MD31033-1
MD31087-1
MD31090-1
MD31099-1
MD31109-1
MD31110-1
MD31111-1
MD31113-1
MD31119-1
MD31129-1
MD31144-1
MD31147-]
MD31149-1

MD31165-1

& -2
& -2
&' =2
& -2
& -2

Ttem Description

Fixture, Positioning
Fixture, Forming
Fixture, Soldering
Fixture, Tube Bending
Fixture, Flow Rate

Gage, Slot Position
Fixture, Trim

Fixture, Hone

Fixture, Surge and Purge
Heating Tube
Fixture, Spring W
Fixture, Vibration
Fixture, Cutting
Fixture, Soldering
Fixture, Expanding

Gage, Croystat

Fixture, Pull

Gage, Push Test

Fixture Assembly
Fixture, Gage

Fixture, Purge and Flush
Fixture, Bakeout

Chart, Comparator

Fixture, Solder

GOVERNMENT OWNED SPECIAL TOOLING AND TEST EQUIPMENT

Accountable
Contract No.

PO

PO

PO

PO

PO

PO

PO

PO

PO

PO

PO

PO

PO

Pn

PO

PO

PO

PO

PO

PO

PO

PO

PO

PO

05-457073

05-457073
N5-457073
05-457073
N5-457073
N5-457073
N5-457073
05-457073
N5-4570717
NS~48707173
N5-457073
N5~457073
N5-457073
05~457073
05-457073
05-457073
05-457073
05-457073
05-457073
N5-457073
05-457073
05-457073

05-457N73




i
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Attachment F
Page 3

GOVERNMENT OWNED SPECTAL TOOLING AND TEST EOUIPMENT

Primary
ID Number

MD31166-1
MD31173-1
MD31179-1
MD31197-1
MD31199-1
MD31432-1
USAF-400283
USAF-38106-52774
USAF-3512-31735

USAF-3530-A

Ttem Description

Fixture, Test

Fixture, Vacuum Manifold
Fixture, Bubble Test
Guide, Wire (1 pair)
Fixture, Braze

Gage, Spring

Cryostat Cool (SBRC #49A)
Optical Micrometer Fixture
Vacuum Bake Station

Vacuum Bake Station

e

Accountable
Contract No.

PO 05-457073

PC 05-4570713

PO 05-457073

PO 05-457073

PO 05-457073

PO D5-457073
05-457073-D~30
05-457073-D-3N
F-34601-71-C-3333

F-34601-71-C-3333

|
|
|
|
|
i
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Attachment G

10

11

12

13

LIST OF VENDOR TOOLING

Property ldentification No.

Description

Quantity

Application

SBRC-4625-46933-1

SBRC-4625-46933-2

SBRC-4625-46933-3

SBRC-4625-46933-4

SBRC-4625-46934-1

SBRC-4625-46934-2

SBRC-4625-46934-3

SBRC-4625-46935-1

SBRC-4625-46935-2

SBRC~4625-46935-3

SBRC~4625-46935-4

SBRC=~4625-46935-5

SBRC-4625-48896

Draw Die

First Trim Fixture
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Second Lathe Fixture

Insert Cavity Mold

46933

46933

46933

46933

46934

46934

46934

46935

46935

46935

46935

46935

48896



SBRC

Attachment H

CONFIGURATION MANAGEMENT PLAN

SANTA BARBARA RESEARCH CENTER




Attachment L SANTA BARBARA RESEARC" CENTER

A Subsidiary of Hughes Alrcralt Compony
75 COROMAR DRIVE « GOLETA. CALIFORNIA 93017
TELEPHONE: 968.3511

CONF1GURATION MANAGEMENT PLAN
FOR
DETECTOR ASSEMBLIES
AND
CRYOSTAT ASSEMBLIES
For Use In The
ADVANCE PRODUCTION ENGINEERING MODEL
OF THE

AN/TAS-3 INFRARED NIGHT VISION SIGHT

L 15 APRIL 1974
PBEC Contract No. 09772
Prime Contract No. DAAK02-73-C-0047

SBRC W/A 4625 - Dragon APE

Revised 5/23/74 Prepared by j P ;'; ;u;f/»\f\

L B. Watson
onf:gurauon Management Office

Approved by /M

Charles S. Tallman
Project Manager




3 SBRC
i‘ Configuration Management Plan
l PBEC Contract No. 09772
§ Prime Contract No. DAAK 02-73-0047
'i SBRC W/A 4625 - Dragon APE
| REVISION NOTICE
REVISION DATE DESCRIPTION APPROVAL

1 5/23/74  Added marked paragraph to %«/J{

section 5.4 per PBEC TWX MV 2008

e

SANTA BARBARA RESEARCH CENTER




SBRC

1. INTRODUCTION

This plan describes the Santa Barbara Research Center (SBRC) configuration
management organization, and establishes the configuration management

1 requirements and practices for the Dragon Night Sight Detector and Cryostat
Assemblies.

2. APPLICABLE DOCUMENTS

The following documents of the exact issue shown form a part of this plan
to the extent specified herein:

SPECIFICATIONS

USAECOM

C2a2302-01011010A~1 Critical Item Product Function Specification
for Detector of Night Vision Sight, Infrared
AN/TAS-3

C2a2302-01011020A-1 Critical Item Product Function Specification
for Cryostat of Night Vision Sight, Infrared
AN/TAS-3

DRAWINGS

USAECOM

SM-D-770349E Detector, Infrared

SM-A-649902AA Detector Array (U)

SM-D-649252AB Cryostat Assembly, Specification

Control Drawing

The following SBRC documents of latest approved issue form a part of this
i plan to the extent specified herein:

E : Dragon Night Sight Detector Assembly Configuration List (ACL-46951)

1) Dragon Night Sight Cryostat Assembly Configuration List (ACL-45438)

SANTA BARBARA RESEARCH CENTER
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3.

4.

4.1

4.2

4.3

SANTA

SBRC

ORCANIZATION AND RESPONSTBILITIES

The Configuration Management Office (CMO) at SBRC iz an adainistrative
office within the Mechanics Section of the Santa Barbara Laboratory.

The MO has the responsibility for configuration management of SBRC
projects in accordance with the SBRC Configuration Management Directives
(CMD) Manual, the SBRC Engineering Procedures (EP) Manual, and require-
ments defined by the SBRC Project Manager and established by Customer
approval of the SBRC Configuration Management Plan.

Ii.structions for implementation of the SBRC Configuration Management
Plan are prepared by the CMO and approved by the Project Manager. The
MO monitors all project activities for proper implementation of approved
configuration management instructions.

CONFIGURATION IDENTIFICATION

Configuration Baselines

The configuration baselines for the Dragon Night Sight Detector and Cryo-
stat Assemblies are established by the USAECOM specifications and drawings
called out in paragraph 2. These configuration baselines are further de-
fined by SBRC prepared and controlled engineering drawings, specifications
and assembly configuration lists (ACL). Acceptance of the Validation
Models by PBEC shall establish the Product Baselines for the Detector and
Cryostat Assemblies.

Jdentification Numbers

Engineering documentation prepared by SBRC shall be assigned identifi-
cation numbers in accordance with established SBRC drafting room practice
(SBRC drafting room practice satisfies the essential requirements of MilL-
STD-100A). The Detector and Cryostat Assemblies manufactured by SBRC shall
be identified as required by USAECOM drawings. SBRC components and other
SBRC hardware shall be identified by the corresponding SBRC engineering
drawing numbers. Commercial/vendor equipment shall be identified by the
commercial/vendor numbers when used as is, and by SBRC assigned numbers
when modified or screened by SBRC. Government and industry standard items
shall retain their standard identification numbers.

Documentation Preparation and Release
P

SBRC drawings for the Detector and Cryostat Assemblies shall be prepared in
accordance with SBRC standard practice (USAMC DI-E-1118 will be used as a
guide). Marked up ET/EST (Ref. PBEC P.O. 4626 & 6200) drawings may be used
to define the validation model configurations. Each item of SBRC engincering
documentation and each item of customer furnished enginecering documentation
shall be controlled in accordance with establishced SBRC engineering data
control procedures. The Engineering Document Control Center (EDCC) at SBRC
shall relcase and maintain records of release of all engincering documen-
tation including initial release, reclease of change information, and relcase
of revised documentation.
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5.

5.1

5.2

SBRC

Regular and reproducible copies of all eangineering documentation and re-
visions shall be furnished to PBEC per requirements specified in sequence
numbers AO17 and AO18 of the DRAGON/APE Contract Data Requirements List
(CDRL), except for proprietary processes.

SBRC will utilize processes and procedures proprietary to SBRC. Therefore,
SBRC will not provide any data or information concerning the following items.

1. The process procedures and chemistry utilized to fabricate the lead
salt film detectors, including chemicals used, photoetching, electroding
and sensitizing of lead salt films.

2. The process for producing miniature finned heat exchanger tubing such
as that used in the Joule-Thomson cryostat.

CONFIGURATION CONTROL

Each proposed engineering change to the Detector and Cryostat Assemblies
shall be reviewed, evaluated, and classified by SBRC as a Class 1 or
Class II change in accordance with the following change classification
criteria. This review and classification by SBRC applies to changes
proposed by PBEC as well as to changes proposed by SBRC. Changes classi-~
fied as Class I by SBRC are subject to reclassification as Class II
changes by PBEC with concurrence of the SBRC Project Manager.

Attached is an SBRC Change Flow Diagram which graphicaliy describes the
basic procedure for processing requested changes to Engineering documen-

tation.

Class I Engineering Change

Proposed engineering changes shall be classified as Class I by SBRC when-
ever one or more of the following is affected:

a) Increase in Costs and/or Delay in Schedules
b) USAECOM Specifications, C2a2302-01011010A-1 and C2a2302~01011020A-1
c) USAECOM Drawings SM-D-770349, SM-A-649902, and SM-D-649252

Class IT Enginecering Changes

Engineering changes not classified as Class I in accordance with Class 1
criteria shall be classified as Class 11 engincering changes.

SANTA BARBARA RESEARCH CENTER
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SBRC

5.3 Class 1 Change Procedure

Proposals for changes classified as Class 1 by SBRC shall be processed

in accordance with established SBRC enginecering data control procedures
and shall be submitted to PBEC along with estimated cost and schedule
data for further cvaluation and disposition. After this evaluation, I'BEC
shall direct one of the following courses of action:

a) Continued processing of the change as a Class 1 change and coor-
dination of ECP preparation with SBRC: Incorporation of Clcss 1
changes shall be held in abeyance by SBRC pending approval of the
ECP by PBEC and authorization of funding and schedule adjustments.

b) Reclassification and approval of the change for processing and
incorporation as a Class II change.

c) Rejection of the change.

d) Modification of the proposed change to accomplish approval.

Unless otherwise directed by PBEC within 15 calendar days after sub-
mittal of a Class I change, SBRC will assume the change to be acceptable

as a Class I change and will initiate further ECP processing action.

5.4 Class 11 Change Procedure

Class II changes shall be processed in accordance with established GBRC
engineering data control procedures. Processing and incorporation of
Class 11 engineering changes shall be the responsibility of the SBRC

Project Manager.

PBEC shall be advised of all Class II changes by copy of the SBRC Zngineering
Change Notice. Copies of the revised drawings shall also be submitted to
PBEC in accordance with CDRL items AOl7 and AO18.

6. CONFIGURATION ACCOUNTABILITY

6.1 Assembly Configuration List (ACL)

SBRC shall prepare and maintain a Detector Assembly Configuration List
(ACL) and a Cryostat ACL. The ACL is an indentured drawing list that
includes drawing revision letters to reflect the current status of re-
leased drawings. ACL's shall be prepared in accordance with established
SBRC procedures.

SANTA BARBARA RESEARCH CENTER
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SBRC

Assembly History Record Sheets (AHRS)

For each manufactured unit, SBRC shall prepare a Manufacturing Planning
Sheet which consists of a list ofs material (part numbers with revision
status), a list of operations with operation numbers, responsible de-
partment and a brief description of each operation. Inspection operations
are included. Each operation is controlled by a Manufacturing or Inspection
Procedure. The reverse side of the Manufacturing Planning Sheet is the
Assembly History Record Sheet. FEach operation is entered on the AHRS when
performed and signed by the operator or inspector as appropriate. An an-
alogous record is maintained by Receiving Inspection.

Each Inspection operation is controlled by a procedure describing (as
appropriate) the part numbers with revision status, which parameters
are to be measured and what the acceptable parameter values must be.

These records will be preserved at SBRC for a period of not less than
two years.

Audit

A Functional Configuration Audit (FCA) and/or a Physical Configuration
Audit (PCA) is a comparison of the ACL and AHRS data packages discussed
above. SBRC will assist PBEC in conducting these audits of the APE
models. Five working days notice is required.
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PAGE S

EP NO. 1

REVD.

DATE

7-7-70

~11-61
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10

ENGINEERING DATA CONTROL
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Attachment I

' HUGHES | e

RGeS AINCRAE T L OMBANY QUALITY no  7/5YS

SANTA BARBARA RESEARCH CENTER

SUBJEC T QUALTTY CODE LEVEL SBRC 7/SYS - Hughes PRD/SYS
RELATED TO PHASE OF DESIGN DEVELOPMENT AND APPLICABLE QUALITY SYSTEM
IN ACCORDANCE WITH QUALITY ASSURANCE PRACTICE 1.7

nate January 1974

.............................................................................................

Production Model - (MIL-STD-280A)

An item in its final form of final production design made by production tools,
jigs, fixtures and methods. It emplovs standard parts (or nonstandard parts
approved by the agency concerned).

Quality Code Level 7/SYS complies with ASPR 14-101.3 and MIL-1-45208.

Applicable Quality Tasks (as established by SBRC Quality Assurance Practices)

Documented quality system and organization.

Test equipment calibration to MIL-C-45(62.

Procurement document screening for quality requirements.

Final acceptance and shipping inspection.

Internal audits of quality system.

Supplier evaluation/control based on quality history.

Process controls to applicable specifications.

Liaison with customer Quality Assurance.

Control/protection of customer turnished property.

Quality program planning (requirements summary).

Receiving inspection and test.

Maintenance of inspection and test records.

Identification of inspection status for work in process.

Obtain custoner quality acceptance as required.

Assure applicable data used for fabrication/inspection/test.

Assure that standard parts, or nonstandard parts approved by the agency concerned
are employed (final advanced development and later models only).

Prepare inspect/test instructions and accept/reject criteria.

Fabrication, assembly, test and inspection to released engineering data.

Material and process control. Utilize control procedures if process inspection is
required.

Control of nonconforming supplies by MRB.

Submit sampling plans not specified by contract for customer approval.

 For NHB 5300.4 (1c) add:

Control of production tooling used as media of inspection.
Training and certification.

Configuration verification.

Screening of manufacturing work instruction.
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AIHCRAET CO

A SUBSIDIARY OF HUGHES

MANUFACTURING INDENTURED PARTS LIST

DOCUMENT NO

MIPL 46951

RO
CODE

UWG L REV

C 43

DInT
CODE

DOC RtV

Y1/os

APPROVED, MG, DATE

B WG re” 13-75

TITLE

Detector Assembly

1

REL. DATL

Rl By

PLANNING EFFECTIVITY

46951 SER NO. 101 and SUB{Q.
END ITEM EROGC \ STO. COST PER 1O
ITEM PART NUMBER IND DESCRIPTION .‘,\.fl ttritid R
ary funir| ©©° Factod & wmrs  |orass| car
46951 1 Detector Assembly 1 ea fake | 1.0
46949 2 Flange, Mounting 1 ea | Buy 115
46950 2 Detector Assembly, Dewar| 1 ea |Makq
46943 3 Window Assembly, Dewar 1 ea |Makd
4 | Glass, Type 7520, .73 «2-tin JBuvii 2.5
+ .01 0.D. x .66 + .01
I.D. =
SR - —— — e e T S T S B
4 | Glass, Type 7052, .73 5 |in |Buy | 2. =
o + .01 0.D. x .66 + .01 !
A I.D. T— o
3244 NS i Window (Insaco) 1 lea | Buy 1.15
4 | Glass, Type 7052, .16 + | 1.5|in | Buy 2.5
.01 OD. x .03 #+ .01 Wall
46933-402 4 Flange, Window Assembly 1 ca |Makq 1.30
46933 5 | Flange, Window 1 Jea |Buy| 1.30
& 5 | Glass, Type 7052, .73 + | 1 [|4n |Buy| 2.5 . ot
.01 0.D. x .65 + .01 I.D
46933-401 6 | Flange, Window 1 Jea Make|! 1.30 L
46933-400 4 Flange, Window 1 ea | Buy 1.30
4 Aluminum, Pure __JA/R Buy

LA LLIE |




(SBRC

MANUFACTURING INDENTURED PARTS LIST

DOCUMENT No

MIPL - 46951

DO

RV

END M

PRV

Attrition

s Pak! NUMIER Ny DESCHIPYION ~E3E) S g
oty Jona oot | Factor 4 At
4 / 1
|| 66944 )3 ] Sunburst Assembly | 1 | ea|Make] 1.40 i

P

| 46934-402

R SRR DRI

46934-401

| Flange, Sunburst

Glass, Corning, 22 mm 1.9.

— e S

T i RS

| Std Wall, Type 7052

Flange, fvnburst

Flange, Sunburst

46934-400

Flange, Sunburst

Make

Ead

!
i
|
i 5

|

» SRS

|
|

|

|
sl ¢ 8 !
i |

|

i
ot
| 1

A+t

] 48831

| _Terminal, Feedthru |

ea

Buy._

i

5 RN S RS

|} 48831-401 5 1 Terminal, Feedthry 68 | ealMakel 1.79 o A
de— b )
48831-400 6 Terminal, Feedthru 68 ealpyv i S ST e e
|
s i ‘j'—. . - T SR
e 4 | Immersion Gold A/R Buy SlF e e Shoa R
it e | Plating Solution _ o __i__ TN (S
o 5 50 # Y
|| 46948 4 | Getter Shield 1 __| ea|Make 1.25 B et S
46948-400 5 | Getter Shield . 1 | eal|Buy o2y ) o 5
| Type 697 14 | Getter (Union Carbide) | 1 ealBuy | 1,60 1 A :
¥ 4 | Wire, .002 Dia Platinum | 41 | inJBuy | 1.60 |
| ] 46945 3 | Stem Assembly, Dewar 1 ealMake] _ 1.40
o 4 | Glass, Type 7052, .43 | 3 | nfBuy| 2.5 | | | | _
53 T + .0{ 0.D. x .3258/.3262 L - o : 3
I1.D.
e bS] (R =l -

46935-402

Flange, Stem

£4

UL

OHL /




G DOCUMENT No DOC . REV Avat
{SBRC | MANUFACTURING INDENTURED PARTS LIST "
RS R MIPL 46951 1 3 5
, END ITEAY et \ttrit;ion 1
1TEM PAKT NUMHBER (ML DESCRIPTION S T CODE Factor
|5 |c1ass, Type 7052, 18 m | 1 | dnfBuy| 2.5 23
4+ .3 mm 0.D., Std. Wall i
e L &e — e o o
l
TSSO TP~ e R - b SR SESRIEER s D _.+_,,_ -
46935 |5 |Flange, Stem ealBuy { 1.40 | |
46935-401 |6 |Flange, Stem eafMakd 1.40 | |
] 46935-400 |7 |Flange, Stem il ealBuyl- T.40 -} F
i . = 5. ____1;__ == —
No. 7713 4 |Paint, Silver, Conductive]| 1 ozfBuy| e Ll
LA i (E.I. Dupont Denemours | _,__i___ Al
| 1& Co., Inc.) ST [T L i.
46946-400 3 |Filter Holder | 1 | es|Makeg 1.10 i
|
46946 4 |Filter Holder 1 | eafBuy| 1.10 |
46926 2 | Filter, BRandpags X eal Ruy 1.15 !
& - _J,___ IRy
No. 7031 3 |Varnish (General Electric|A/R Buy
Co., Code Ident. 08800)
47015 3 | Array, Detector 1 ea| Makd 1.1C e =1
[
SRS i SRSEESSE S
47015-99 4 | substrate, Detector 1 | ealBuy| 2.25 B S
(Crystal Quartz, .375 + e L]
.002 Dia., .006 + .004- s (S (L
s .001 Thick, Main Surfaces| 5E| i [
cut perpendicular within . e
+ 5 Degrees to Z axis, i o I
free of seed interfaces, (TR | | oadlsy L 3
IACEE] AT e crystal Twinning or othe b o L
| physical irregularities) Sl Gl Sl e e
4 | Wire, Gold, .002 Dia.L_m ‘3_5_ _f£ Buy__ »2.0~_ ., _ o’
N 99.99% Pure, 0.5% to
1.5%Z Elongation
SRR OWHG 2




DOCUMENT No OOC . REV Pa

regme 3
MANUFACTUR! R ST
] {SBRC | MANUFACTURING INDENTURED PARTS LI MIPL 46951 : 4 .

3 END Te M hNttrition SEEY O B dew

ANl
I PAKT NUIMIER N DESCRIPTION .'«‘nu-l Factor AAl
: R

Ory N

| 47015-98 ~~ l4 {Substrate, Buffer |1 Jea IMake e
: No. 0211 _,___,(5. Cover Glass, .030 Thick [.25 fin [Buy S Ul e SR
‘‘‘‘‘ SRR I S V(rt_lqg\j_rlgr};lass works, - |

__|Code ldent 14674)

S| [SriSt | I Y| __,__._Ai- BHEIE

b ————— ————q- — - ——— —— r_ .._?_,_. e ‘,__l -

|varnish (Gemeral Elect. | A/R Buy R o
_|Co., Code Ident. No. 08800) I_

........... TR ek PO, PRl
{
=i AR B S ST = : B ra s g W S e ane
No. 3 |3 |Solder, Indalloy. .1 Joz |Buy| HIILE. e
i
SRS (S SRDSGES. S S — e ~.~_1..A—-T>_. —_—
45440 |2 |Flask, Adapter 1 Jea |Buy 1.10 | i
| |1332 |2 |{Barrier Coating (Dow _ | A/R{  |Buy IR, SRR S5 T TN

Corning)

o ot i 3
No. 92-019 2 | Primer (Dow Corning) < oz { Buy

ke ot &%

_| Epon 828 2 | Epoxy Resin (Shell Chem |.1 oz | Buy

) DS vl Co.) e 00| AN gl i e e el

b ————— — 4 —

ENSSpI—— TRS— - _}V-_ SSESISUSIISEEINS, SUNSINDSSIEIS: NS [SESRSUEY.

i _No. 140 2 | Polyamide Resin, «1 oz | Buy

| Versamide (Gen Mills) | | |

g s emaeme Rarmmeer [r—
; s VOB AL s MEEGAE . Sl O e
‘12 /[collotdal Silica, Cab-0- |A/R | |Buy| e S N e

$i1, (Cabot Corp Boston) |

e - (|

72-0005 2 { Adhesive, Conductive A/R Buy |
1] (Technical Wire Products)

| [——<—~~--——-~——~———- —1—— -

72-00025 2 [ Paint, Conductive A{B_+ e

(Technical Wire Products)

: Py [ e e n— ———

No. 101-C10 2 | Black Air Dry Enamel A/R

(3M Co.) 3 -l :

b e

Eia ¥ R R B B Y Lo

BULT OiHG 2
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END TEN
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RO
O

Attrition
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_Potting Material (Dow

Corning Corp.)

Buy
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MANUFACTURING INDENTURED PARTS LIST

DOCUMENT NO

MIPL 45438

APPROVED, MG UATE

Ll et 635

e

Cryostat Assembly, Dragon

O KEv IR0 (st [N
00k 0D
G 43 -
DOC.RIV. REL. DATE WL by
1
PLANNING EFEECTIVITY !

S/N 1001 & Up

ENO 1TEM ’ STl COST Ppir e
ITEM PART NUMULR IND DESCRIPTION 'i"(“):i Attritd nw‘ : }
ary Junit | “9YY | Factor & HRS. vy
1 45438-460 1 [Cryostat Assy., Dragon 1 lea |Makg 1.0 ,_4r"»ﬂuni_ S
2 1S =13 2 |0-Ring (Parker Seal Co., 1 _lea !Buy £ S w
Code Ident No. 03818) g
3 | 49106 2 |Cryostat Assembly 1 Jea [Makg 1.0 X
ISES —
4 3 }JThread, Star Ultra Dee, ol NS (R | | "J
Polyester Fiber, Silicote ]
: 1 (BT P
Finish, #12 Left (Z) o R
Twist, Natural A/R |sp | Buy
=~ 'W ik
5 3 {Thread, Star Ultra Dee -__r
Polyester Fiber, Silicote :
Finish, #16 Left (2Z) e ] o
Twist, Natural ¥ A/R |sp Buy ol e
—4—— }___ - -
6 3 | Thread, Star Ultra Dee,
Polyester Fiber, Silicote
Finish, #24 Left (2) 1
Twist, Natural A/R |sp | Buy
7 | 48896 3 | Deflector 1 |}ea | Buy 1.15 —W
=
8 3 | Cement, Standard SUC
51645, Unbreakable Watch
Crystals, Inc. A/R | tu | Buy
9 3 | Solder, Sn63 WS per A/R | 1b | Buy
QQ-8-571
10 D3 | Allen Solder Paste A/R [ 1b | Buy
SORC -~ 018641

I




- 4 DOCUMENT No SIS A PAGE
'SBRC| MANUFACTURING INDENTURED PARTS LIST 2 ™ 37
MIPL -~ 454138 1
s - : NN oo Btericion P
"M AN NUMRE ND DESUMIPTLION e | 00 Factor AT & l‘ . e
215k N 3] loctite Retaining | A/R oz [Buy J
o} Copound #75 % 4 % .} 0 |
" A 3] Primer, locquic Grade NJA/R foz dpuy | | =
13 | 48897-400 3] Valve, Needle 1 _jeaMakg 1.50 | = | ;
e : o0 ol o Al I b s
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DESCRIPTION

1.1 GENERAL

The Special Acceptance Inspection Equipment (SAIE) Test Set, SERC
Part No. (P/N) 29411, is a special infrared and cryogenic station. The in-
frared portion of the station is designed to automatically measure bias cur-
rent, dc bias voltage, and the rms value of signal and noise voltage of the
Dragon Detector Assembly SM-D-770349. The cryostat portion of the station
is designed to provide a source of high pressure, regulated Freon-14 gas to
operate the Dragon demand flow cryostat SM-D-649252. The station is com-
prised of various pieces of hardware as shown in Figure !-1 and in the block

diagram in Figure 1-2, and as listed in Table 1-1.

The blackbody assembly contains two infrared sources, variable- and
fixed-speed modulators, apertures, and shuttering mechanism, Infrared sig-
nals incident on the detector array are transferred to an external mechanical
crossbar assembly for channecl selection. Signals from the crossbar output
are sent to a preamplifier located within the assembly housing. The pre-
amplifier output is connected to an electrical bandpass filter. The bandpass
filter output is connected to a digital voltmeter (DVM). The DVM reads posi-
tive or negative dc voltage, and true rms ac measurements. This instrument
also performs as an A/D converter for the recording of digital information.
Signals {from either the preamplifier output or the bandpass filter output may

be viewed on an oscilloscope if desired.

The SAIE Test Set instrumentation rack contains a rack power panel,
an oscilloscope, DVM/TRUE rms voltmeter, scanner control, bandpass filter,
bias power supply, sequencer, serializer, printer, tape punch, wave ana-
lyzer, blackbody temperature controller, pen recorder, and gas panel.
Refer to Table 1-2, SAIE Test Set Equipment, and Table | -3, Test Set Pa-

rameters. The scrializer is a parallel-to-serial converter which accepts

SANTA BARBARA RESEARCH CENTER 1-1
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Table 1-2,

SBRC

Special Acceptance Inspection Equipment (SATE) Test Set

CRYOSTAT TEST
FREON GAS SUPPLY
COMPRESSOR
GAS SUPPLY PANEL
AVERAGE FLOW METER
FLOW RATE METER CONTROLLER
PEN RECORDER (EVENT)

POWER SUPPLY AND HIGH PRESSURE
GAS CCNTROLLER

TR T A IR D e

e S - L

Pt el et et e
e B e €

DETECTOR TEST
BLACKBODY ASSEMBLY

INFRARED SOURCES (500°K) (2)
CHOPPER ASSEMBLIES (1 FIXED-SPEED, 1 VARIABLE-
SPEED MOTOR AND CONTROL)
COLLIMATING OPTICS
MIRROR
APERTURE WHEEL
~ SHUTTER
SPOT SCAN OPTICS

BLACKBODY TEMPERATURE CONTROLS (2)
DETECTOR AND CRYOSTAT UNDER TEST
MECHAMCAL CROSSBAR AND MULTIPLE DETECTOR SELECTOR
PREAMPLIFIER

BANDPASS FILTER

OSCILLOSCOPE

WAVE ANALYZER

PEN RECOKDCR

DIGITAL VOLIMETER
SCANNER/SERIALIZER

PRINTER

PAPER TAPE PUNCH

PROGRAM CONTROL (SEQUENCER)

SANTA BARBARA RESEARCH CENTER
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Table 1-3. SAIE Test Set Parameters

BIACKEODY TEMPERATURE (FIXED-SPEED CHOPPERI
BIACKBODY TEMPERATURE (VARIABLE -SPEED CHOPPER!
BLACKBODY APERIURE

DISTANCE TO APERTURE FROM TABLE RING

CHOPPER (PITCH! DIAMETER

NUMBER OF TEETH « IXED-SPEED CHOPPLR)

NUMBER OF TEETH (VARIABLE-SPEED CHOPPER)
CHOPPING FREQUENCY (FIXED-SPEED CHOPPER)
CHOPPING FREQUENCY (VARIABLE-SPEED CHOPPER!
EQUIVALENT NOISE BANDWIDTH (FIXED-SPEED CHOPPER)
EQUIVALENT NOISE BANDWIDTH (VARIABLE-SPEED CHOPPER)
CROSSBAR [OAD

GAIN:  SIGNAL

AN Cr
sWwiro.

CRYOQSTAT PRESSURES

ADJUSTABLE: INITIALLY SET TO SOUPK
ADJUSTABLE; INITIALLY SET 10 S00°K
0.003, 0.200, 0.300, 0.400 INCH
11,53 INCHES

10. 6 INCHES

17

300

510 Hz

010 25 kHz

50 Hz (BANDPASS FILTER)

7 Hz, 100 Hz, AND 1 kHz (WAVL ANALYZER)
1 MEGOHM OR 100 K

10, 100, 1000, AND 10, 600

n A N alalal aain RN o N alatal
1U, 1uy, 1Uuy, AU 1U, U

3000, 2500, AND 800 PSIA (ADJUSTABLE

the BDC information from the DVM, and presents it in proper form to a dig-

ital data printer and tape punch. The serializer also features a manual data

entry capability, The scanner interfaces with the mechanical crossbars

bringing each channel "on line"

sequentially.

Channel scan limits are estab-

lished by manually selecting the first and last points on the front pancl

switches, The heart of the SAIE Test Set is a sequencer for program initia-

tion and control of parameter selection. Provision is madce for automatic

sequencing of the desired program or manually sclecting each parameter,

Delete switches allow desired parameters to be excluded from the auto-

matic program sequencing. Each channel parameter can be recorded with

either positive or negative polarity biases applied. Data recorded for cach

run may be presented on a tape punch for analysis and limit processing from

an external computer system.,

SANTA BARBARA RESEARCH CENTER
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L. 2 COMPONENT DESCRIPTION 1
1.2.1 Blackbody
2 Mounted beneath the detector test fixture are two blackbody sources

preset to 500 K with fixed- and variable-speed chopper assemblies. The
fixed-speed chopper disc is driven by a synchronous ac motor for fixed fre-

quency D% and responsivity measurements, The variable-speed choppor disc
is driven by a servo-controlled de motor for varying the chopper rotation
speed over the required frequencies when performing time constant measure-
ments. Collimating optics are used during the time constant measurements

to increase the irradiance level due to detector bandpass rolloff. Optical
selection of the two blackbody systems is accomplished from the front panel
(Figure 1-3) by positioning a mirror in the optical path for variable-speed
chopper measurements and mechanically removing the mirror for measuring
fixed-speed chopper measurements. The mechanical mirror assembly i
designed to eliminate any spectral crosstalk from the unused blackbody source,
Included in the blackbody housing are a shutter assembly to block irradiant
energy when making narrow-band noise measurenments, and four apertur
selectable from the front panel (Figure 1-3), for establishing the desircd

radiant power incident on the detcctor array surface for D%, responsivity
and time constant measurements, When measuring adjacent detector crcss-
talk, spot scan optics is used to focus all the radiant power incident on one

desired detector while observing the adjacent detectors.

| 7 s B]zu:khgﬂy Temperature Control

Each blackbody source has its own temperature control consisting of
a heating clement and core, a platinum resistance sensor, and a solid-state
controller. The controller sensecs the change in blackbody temperature as a
change in sensor resistance. The sensor is placed in one leg of a bridge
circuit with reference potentiometers, The bridge is powered from an astable
multivibrator and provides a comparison between the multivibrator frequency
and the change in sensor resistance. A phase comparator senses the bridge
lead or lag to the reference frequency, and controls the heating elemoent

power, Temperature control is better than 127K,
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203 Scunncr/&-ri.'nli'/.vr{l‘_np_--__l rinter

A Monitor Labs 9400 Scanner/Crossbar Sy stey
scanning 100 preamplificr output channels, The han

determined by the FIRST POINT and LAST POINT

Engaging the scanner START switch places cach det
quentially until the LLAST POINT has been react

eral purpose parallel-to-serial converter which
characters in parallel and serializes them for
controls include thumbwheel switches for manual on
mation. The paper tape printer is used to print
printer. Like the paper punch, printing speed d 1
the printer and can vary from 2 to 6 lines per se«
plished by the 18-column keys striking pressure sen

lowing is the Printer Recording Format,

SR SRR S ————— 1

Printer Recording Forniat

Column: 1 2 3 4 8§ ® F 8 9 10 11 ¥ i3 4 i% s i "
) 5 AU T Y] (RN s ST ) ) S 1
N, Y M F P X 1 X X X X 7

LLLLLLLLLL = Manual Data recorded only when
MDE is depressed
YYY = Channel 000 to 099
M = Raw Data Mode
1 = Current
2 = Voltage
3 = Noise
4 = Signal
F = DVM Function Code
0 =dc volts
1 = ac(ac) volts
3 = ac(dc) volts
P = Pularity + or -

XlXX.\'X = DVM Data Digits 00000 to 19999
Z = Range

1 = 1000 volts

2 = 100 volts

3 =10 volts

4 = 1000 millivolts
5 = 100 millivolts
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Channel
Selection
Controls

Scan
Mode
Controls

Front Panel Controls (See Figure 1-4)

Control

—

FIRST POINT

LAST POINT

MON

SR

SINGLE

CONT *

I"unction

Thumbwheels determine the first channel of
the scanner to be scanned when operating in
the SINGLE, CONT (Continuous), or MANUAL
mode with single speed selected.

In the Dual Speed mode, the thumbwheels de-
termine the last channel of the higher speed
group of channcls which begins at channel 00,

Thumbwheels determine the last channel to be
scannced when operating in the SINGLIE or
CONT mode with single speed selected.

In the Dual Speed mode, these thumbwheels
determine the last channel of the slower speed
group of channels which begins at the FIRST
POINT channel number plus 1.

Thumbwheels that det