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FOREWORD

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

• quirements for an i nvestigation of a Computer Automatic Test System (CATS),

• that can be used in p roduction of the DRAGON Ni ght V l s i o n  Si ght AN/TAS-3( ).
The report consists of several sections~

I -‘ 
~C~Introduct ion to CATS )

~
“Theory of Computer Automatic Test Systems 1

• ~~Harclwa re Instrumentat ion 1
~~ Computer Subsystem 

~• Time and Cost Anal yses of a Manual Test System
versus an Automatic Test SYstem

)
Y’Conclus i ons 1

RecommendatiorIs ,~

It should bz noted that a1thoi~gh th~~ report ~ c r hp~ c v c t p~~ fe~ test

the DRAGON NVS the hardware described he rein can t~e used for other ni ght vi ew-

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

7
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• I. INTR’)DJCTION TO CATS

The purpose of th is  report is to cover a l l  the salient facts con-

cerning computer automatic test equi pment which can be used in th2 produc-

ti on of the DRAGON N i ght Vision Si gh t AN/TAS-3 ( ).

This report concentrates on the following:

a) Multi station computer driven test
instruments.

b) Source prog rams that shall consist
of End-to-End testing.

Sections 2.0 throug h 7.0 discuss the fo l lowing.

.1 2 . THEORY OF AUT0M~ T I C  TEST SYSTEMS

A brief introduct i on to the ph i l i o s phy of automatic testing and the

def in i t ion  of some terms .

3. T EST_ I N S T R U M E N t A T I O N  (HARD W ARE )

This section specifies the requirem ents for the measurement and stiml.d us

t equ ipment and discusses t rade—offs between a dedicated system and a building

block approach.

• 4. COMPUTER_AND PERIPHERA LS (soni4ARE)

This section specifies the m inimu ll computer requiremen ts , including

peripheral suppor t equi pment , and provides ins i ght into software programm ing.

5. TIM E VERSUS COST ANALYSIS

This sect ion compares the t ime and cos ts to perform system s tes ts  on

an Automatic System versus a Manual Test System.

t 6. CONCLUS1.~~

¶ Advantages of a Computer Automated Test Set are discussed .

7. RE COMMEND ATIONS

1—1
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2.0 THEORY OF AUTOMATIC _ TEST E~ UIPMENT

A CATS system is a grouping of modif ied measurement and st imulus in-

struments confi gured so tha t they are remotely programmable and capab le of

responding to a Test Prog ram Set (Softwa re package).

• 2 .1 Basic CATS Con. f rat ion

• Basic requirements for configuring an Automatic Test System are:

2.1.1 A computer or controller tha t directs and controls the testing

p rocess , as wel l  as interpret ing and eva l uating test results.

2.1.2 Stimu lus devices such as power supplies , si gna l generator , or

pulse generator that can be automaticall y prog rammed to provide

required amp li tudes , pulse widths , frequencies , and other i nputs

required to perform testing.

2.1.3 Measurement devices that can be programmed over the required ranges

and sca l es needed to carry out testing.

2.1.4 A switching device to interconnect (u,ider program control) the Unit

Under Test (UUT) to the proper stimulus and measurement devic .-~s.

2.1.5 Peri pheral devices such as printers and displays to provide a man—

mach i ne interface to the degree required by the user. The sophistica-

tion of the periphera l device will depend greatly upon the use for

which the test system is planned.

• 2.1.6 Tape reader or equivalent device for loading the UUT program i nto

memory . The requiremen ts placed upon this unit also depend on the

tes t syst em ’s use. If the system is required to test a small numbe r

J
LI
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of units it may be possible to keep a l l the UUT prog rams resident

in core memory. As the numbe r and size of the UUT’s become large r

it becomes necessary to store these programs on some medium and read

them into the test system as they arc required.

• 2.1.7 Test prog ram set. A test program set consists of the follow inq :

2.1.7.1 A computer program , such as a tape , to direct the testing operations.

2.1.7.2 A booklet or manua l tha t describes to the station operator (produc-

tion tester) how to opera te the test station .

2.1.7.3 An interface device . This is ~ uni que p iece of hardwa re that ma tes

the Unit Unde r Test to the patch pane l of the computer .

2.2 CATS, Constraints

As in manua l operations , a testing procedure must be devised to

mon i tor the functions or pa rameters of a UUT under automatic testing . The

additiona l constraints that automatic testing imposes are tha t the softwa re pack-

age must mp l ement this testing procedu re , keep ing in mind tha t the softv~dre

package must be debugged and verified as an entity. This verification must

take place on a station or a compute r simulated station . It should also be

noted tha t these tapes must be verified on a test station whose ha rdwa re con-

figuration is capable of suppl y ing the stimu l i , measurements and loads.

Therefore , true automatic testing is not just automating a nianua l

test Set.

2-2
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• 3.0 TEST INSTRUMENTATION (HARDWARE)

The test instru me ntat ion represents the equi pment/subsystem that is

required to stimulate and measure the Unit Under Test (iJ ’ir) . This section

w ill not inves t iga te  hardware for the computer subsystem , sw i t ch ing  subsystem ,

and interface devices. These three sui systeus will be discussed in Section 4.0,

• Com?uter and Peripherals.

The several stimu lus and measurement instru me nts with th e ir respective

specificat ions are described in Append ix A.

3. 1 CA.TS Hardwa re Conf i auratLol

The testing instrum entation is generally confi gured as one of two

• types of systems : bu i ld ing  block or a ded icated system.

3. 1.1 ~~~~~~~~~~~
A building block configuration is comprised of separable funct ionm i

elements joined to operate as a system . For examp le , if the test system m’il ti-

meter were removed from the system , the m~ 1tim ete r codld st i l l  perform its func-

tion of making measurements under manua l control. Thus each element can operate

independently of the remaining system elements as an entity.

3.1.2 Dedicated

• A dedicated or integrated configuration is designed specificall y for

a g i ven task or class of tasks . The elements of this type of system , when separ-

ated from the system itself ,, cannot be used to provide c h a r a c t e r i s t i c  system

functions as they do when connected w ith in the test system . The dedicated con-

figuration is usuall y built about some selected computer that provides control

3-1
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and ana lys is ;  i t contains standard ‘nan—machine interfaces such as visual

display, pr inter and keyboard.

S The following is a compari so~i b ,~tween tn~ building block and dedi-

cated hardwa re configuratio ns , with the advantages and dis advantages of both.

3. 2 Bu i idi nq BlocL A dv an ta qe s

3. 2. 1 There is a wid e selection of vendors Iron whom to select the

test system bui l ding block co’nporients. This allows the user—

deve loper , conf igur ing a bui l ding block CATS , to select the coil-

ponents of the system to meet the test requ irements.

3.2 .2 By i t s  very nature , a buildin g block automat ic test system is

capable of extens i ve modification (throug h addition and deletion

of components). This is not possible with a dedicated sy~~

3.2.3 Purchasing funct i ona~ elements eliminates system desi gi and

dcvalopme nt costs . The price pa!d for off—the— sh~ !f corn7en~ntc

contains vendor deve lopment costs that are d i s t r i b u t e d  over many

units , thereb y reducing the unit cost.

3.2.4 For any g iven building block component a vendor can usu a ll y be

chosen whose expertise in desi g l and de~’elopment exceeds all other

competitors .

3.3 Build ing Block: Disadvan~~~es

3.3.1 Development of building block CATS includes an initial engineering

outlay for integration. Among the p roblems tha t can be expected

are grounding, E M I , tim ing and loading. These p roblems arc not

difficu lt to solve , but must be considered.

3—2
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3.3.2 Since the building blocks selected arc desi gned for qeneril pu r-

pose applic ation , they wi l l  have capab i Ii ties beyond the requ i re—

ments of the test system itself. This ine ffic iency of unused cap.i—

bi 1 i ty inv a ri ab ly leads to reduced system reliab i l i ty due to the

presence of unnecessary fai lure mode candi d~,tc s.

3.3.3 Because buildi n g bloc ks d re h ot spec i Ii c~ I I y packaq d for use i n a

system environment , a great deal of space is req u i red . In addition ,

by placin g the building blocks in an enclosed env i ronment , specidi

coo l I ng requi rements may a r i se .

3.3.4 Maintenance requirements are increased because most bu i ld ing bloc k

CATS are not desi gned to be autom at ically self checked. Usu all y,

once a fault has been identified within a building block , only

manua l test  techni ques exist to comp lete the diagnosis .

3.4 Dedicated Test Sys tems : Advan taqes

3.4.1 A dedicated or integrated system is gener all y smal ler in size than a

building block system. Also , since the dedica ted modules are desiqned

for their enclosed environment , the rma l considerat ions have been

taken into account.

3.4.2 Efficiency of a dedica ted system i s  high because it contains onl y

those functions requ i red for the testing process. There fore , since un-

needed c i rcuit functions are  elimin ated , syste m r e l i a b i l i t y  inC t’(’dsCS .

3.4 .3 By i ts  nature , the design of the dedica ted test system lends itself

to automa ted maintenance techni ques. This i s because m o d u l a r  des i qn

I nhe rentl y has a large number of interna l mon i toring points avail-

able fer self—diagnosis. The availa bility of these add itiona l te st

po i nt s a 1l~~ s for the design of a self—test proqram.

3— 3
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• 3.4.4 Time to t roubleshoot and repa i r a ded ica ted  sys tem is shorter . This

i s  due not only to the ~Irt at~ pr e c i  c ion Wi th which a fa il ti re can

be i d e n tif i e d  hut the sys tern ’ s rnodu Ia r , se 1 f—check nature I enlIi ~ i t—

se l f  to rap id ,-emoval arid rep laceme n t of the suspected element or

elements .

3 .4 . 5  When testing requi rements arc unique (i .e., optic a l or infr ared

testing) or when i t is necessary to check uncommon UUT pa ra nc t

a dedica ted sys tem may be the onl y automat ic so lu t ion .

3.5 Dedicated Test  System: )isadvantagcs

3.5 .1 The development cos t of a dedicated CATS rcqui rc~ b roade r exp e r ie nce

and know ledge in t he a rca of au toma t ic  tc s t equ I pmen t. Imp rope r I y

or inadequatel y spec i f i ed  equi pment w i l l  eventua l l y reduce the cost

e f fec t iveness  of t he CATS .

3.5.2 Modification of the dedic a ted system is possibl e but redcsi qrr is ex-

pensive and sufficient space may not be ava i l a b le  to incorpora te

necessary changes.

3.5 .3 If the compute r su bsystem of a dedica ted system f a i l s , the s t a t on

become s tot~ ll y inopera t i v e .

3.6 Test Accur acy Ra t io  (TAR )

The integration of an a u toma t i c  test  system (bu i ld ing  block or (lOch-

cated) presents special prob l ems to the Automatic T est  Engineer. A l l  s t imulus or

3-4
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measurement spec i f ica t ions are usually only valid at the output of the module

of buildin g block and not at the i n te r face  of the CATS and the UU1 . Conse-

quent ly the accuracy of the measure ment or s t i m u l u s  can be seriousl y degraded

due to the inlerco nnecting cables and switching path. To circum vent this

problem a Test Accuracy Ratio (TAR) is establish ed. This specifies the ratio

of t e s t i n g  to lerances at the interface to those testing tolerances at the

in s t r u m e n t s .  The object  i s  to ob ta in  paramete rs , f ro m the i n te r face  to the

i ns t ruments , that  are as c lose to 1 :1 as p o s s i b l e .  Th is  s hou ld  be taken in to

account wh ile preparing the Test Program Set (softwa re). The test accuracy

ratio of any stimulus instrument can be improved by pro vi din g remote sensin g

of t he output at the in ter face of the CATS and the UJI. This is accomplish -ed

by runn ing a w i r e  from the in ter face junct ion back to a high impedance a~np l i —

f ier in the st imulus wn ich w i l l  au tomat ica l l y  adj us t the out put to co1.pen-

Sate for line losses and loadinq. An alternativ e method of improvin q the TAR

• is to return the stimulus remote sense l ines back to a measurement instrument .

The va lue of the st imulus is then ve r i f i ed  by a measuring instrument wnose

acc u ra cy and precision exceeds that of the stimulus. This capability is cus-

tomized in the building block system integratio n , wni le this is usually a

built—in feature of a dedicated system. In any event the ~cmote sensin g p ro-

cedure must be incorporated whi le prepar ing the test  progra m .

3.7 Self Check Definition

• It is logical to assume that measure ment as well as stimulus instru-

ments are periodically calibrated to ensure their accuracy . It is , therefore ,

imperative that the CATS inco rporate an auto check or se l f  check procedure.

3-5
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Prior to the s ta r t  of each day ’ s work or of a par t icu lar test  run the measure—

• • mont instruments w i l l  check themselves to ascerta in whether they are operating

properly. If some gross ma l function exis ts diagnostics wi l l  be performed ,

e ither on—line as a sel f  test , or o f f — l ine on a test bench . If minor dis-

pa r i t i es  ex is t , ca l i b ra t ion can be performed e i ther  by using external equi p-

ment or by inserting a reference standard at the interface.

Once functiona l integrity of the measurement instrum ents is verified ,

the system n~ t mon itors the functiona l integrity of the stimulus instru me nts

ut i l i z i n g  the proper operat ing measurement ins t ruments . This is know n as

self check. Minor or major functional disparities of stimu l us instrumenta-

tion will be treated similarly to d i spa r i t i e s  in the measurement instru-

ments.

3.8 Ca Lcu~at ion of M~an-Tfm 8etW een- Fai .l ure s (MTBF)

As mentioned prev iously, two comp lete test s ta t ions provide f l e x i b i l i t y

such that in the event one station is down the other station can continue test-

ing assemblies . A sample MTBF ca l culat ion is presented in the following.

3.8.1 MTBF for Build inj Block CATS

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

4 TIme—B etween-Failures (MTBF), fo r B u i l d i ng Block CATS is  cal cu l ated as fo l lows :

Subsystem MTBF
Inst rumentation 885 hours
Computer 1690 hours
Per iphera l 1370 hours

- - - • • • • • - . ~ - -•- ~ -~~~ - 
.- . 
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The total system MTBF is found by adding the reciprocal of the MTBF ’s and

then taking the reci proca l of the sum

(885)~~ + (l69O)~~ x (1370)
_ i 

= 2 .1+51 x ~~~~ 
_L
hr

_____________ = 1+08 hrs 2.56 month
2 .45 x 10 3

It can be seen that the Instrument subsystem has the l owest MTBF in the CATS .

3.8.2 MTBF for Dedicated CATS

If a dedicated CATS is used ( i .e. ,  PC board instrui ientat ion) instead

of discrete building blocks , the quantity of components is reduced . This w i l l

result in an instrumentation MTBF that is increased by at least a factor of

two. The MTBF for a dedicated CATS is approx imately as fo l lows :

Ded icated CATS

Subsystem MTBF
Instrumentation 3000 hrs
Computer 2500 hours
Peri phera l 2000 hrs

(3ooo)~~ + (2500) 1 + (2003)~~ = 0.33 x l0~~ + 0.1+ x l0~~ +

0.5 x lo~~ = 1 .23 x

MTBF = 
1 

= 815 hours 5.1 months
1.23 x l0~

The ca lculated MTBF figures represent the average case.

3.9 Vendor Se rv i ces
- - In the event a test s tat ion does become i noperative , mos t local vendors

have stated that their service pe rsonnel can reactivate the station within 24
1.

3-7
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hou rs , depending on the nature of the problem . It shall be required of

any CATS vendor that he include as a part of his total softwa re package a

thorough self check program. This self check prog ram can be run at the

- beg inning of the work shift if any of the subsystems are marg inal. If

- marg ina l subsystems are detected they can be replaced (wi th the cxc~otion

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

1 3-8
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4.0 COMPUTER AND PERIPHERALS (SOFTWARE)

It can be stated that whateve r can be accomplished with hardwa re and

its interconnections can also be accomplished with software , prov iding a

suitable Switch i ng matrix is available . A purchaser is usually cons t ra ined

to the hardware configuration of a particular Automatic Test System vendor.

For a user to a l te r  the CATS to satisfy his particular requirem ents , he mus t

do one of the fo l low i ng:

o Have the vendor custom i ze the hardwa re confi guration.

• Expand t he softwa re comp i ler .

The first alternative was examined in Section 3.0. Softwa re w i l l  be

discussed in this section . The comp iler is a language translation program

that transfo rms symbols ( i .e., A lpha-numeric) meaninful to a human operator

into codes (i.e., b inary) meaningful to a computer .

4.1 ~~~~j le~

The programmer must operate w i t h i n  the const ra in ts  of the compi ler.

It is resident in ei ther the core memory of the computer or in i ts  sto rage

memory . An inf in i te ly large compiler w i l l  g ive a programmer infinite software

c a p a b i l i t ies . It is obvious , from a pract i ca l stand point , that since memory

space i s l i m i ted , some constraints are placed upon the programmer. As a guide ,

the cost of expanding the softwa re to of fset  hardwa re conf igurat ion de f i c ienc ies

w i l l  range from 0.3 to 3.0 t imes the cos t of the hardwa re .

4.2 Computer Subsystem

The in tegra l sections of a computer subsystem for a typ ica l Automatic

Test System are :
• 1) Digital Computer

• 2) Swi tching Matrix
3) Test Program Set.

4-i
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4 .3  Dig i ta l  Coj~~uter Ha rdware

Practicall y a l l  d i g i ta l computers consist of:

a) Control Unit
b) Ar i thmet ic  Unit
c) Memory Unit
d) Input/Output device.

4.3.1 Contro l Unit

The contro l unit governs the operation of the overall computer sub—

system. It trans lates instruct ions obtained f rom the memory into spec i f i c

~1 sequences of interna l commands. These coimmatids are distributed to all units

and initiate their appropriate operations or information transfer . The con-

trol unit also ensures that the timing of commands is compatible with the

ope rat iona l speed and the operational status of the tes t ing  ins t rumentat ion .

4.3.2 Ar i thmet ic Unit

The arithmetic unit consists of a number of electronic circuits con-

nected in such a manner that certain ari thmet ic and logic operations can be

per fo rmed.

[ 4.3.3 Memory Unit

The memory stor es instruct ions , operants , resu lts and any other in-

formation wnich may be needed in the course of a computation . It is divided

into a numbe r of storage locations or cells each having a unique address and

a storage capacity of one word (usually 16 bits). The c i r cu i t r y  if the memo ry

w ill perform essent ia l l y  three functions w i t h  the stored information ther&n;

i t w i ll select , read and write the information. Memory can usuall y be classi-

fied as one of the following types:

a) Hard core random access (RAM)
b) Integrated circuit read only (ROM)
c) Mas s storage (i.e., magnetic tape , punch tape , disk or drum).
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4 .3.4 Input/Output Unit

The Input/Output unit prov ides communication paths between the com-

puter and externa l or peri pheral equipment such as magnetic tape units or

card readers. Much of this unit such as the telctype printers and video key-

punch pane l are physically located in separate consoles.

4.1+ Switch i ng Matrix

A switching matrix is connected to the patch pane l or the computer

subsystem and prov i des the connection paths betwee n the unit under test inter-

face and the stimuli and measurement instruments. The severa l types ol switch-

ing matrices available are crossbar scanner , relay trees , or hard wire general

purpose.

4 ,5 Test Program Set (TPS)

The test program set consists of the following elements:

a) Prog ram tape
b) A test booklet of ins t ruc t ion
c) An interface device .

4 .5. 1 Program Tape

A program tape is the end producL of a test specification or test pro-

cedure .

4 .5. 1.1 F rom the test spec i f ica t ion  and i ts supporting documentation ( i .e.,

schema t ics , theory of operation , interconnection diagram , etc.) a

Diagnostic Flow Card (DFC) wil l be generated wh i ch is the testing

strategy that is to he coded , programmed , and imp lemented on the

tes t Stat ion.

4.5.1.2 A coder or a programme r wi l l then take the DFC and prepare coding

sheets for a keypunch operator. A test ing language tha t is compatible

4-3
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w i t h  the computer must  be establ ished. Two languages are under

consideration , BASIC and ATLAS . Of the two languages , A1 LAS is a

highe r leve l than BASIC. (Define a hi gher level  language to be

closer to Engl ish as opposed to machine language ). Both languages

have found wide use in automat ic test equip~iient. BA SIC is priniari ly

a standa rd s c i e n t i f i c  language wh i l e  ATLAS is directl y oriented

toward test equipment. Since ATLAS is a higher leve l language than

BASIC , less t ime w i l l  be required by the eng ineer or progra .nrme r to

imp lement ATLAS. This ease of imp lementat ion is ach i eved at the

cos t of a more comp lex comp i ler .

A program tape will be generated from the keypunched source

deck.

4.5.1.3 Concurrent with the coding effort , wil l  be the determination of what

switchinq paths are required by the test proqram. This information ,

vital to the fabrication of the interface device , is called a Test

Diagram (TD). It mus t also be coded and included in the keypunched

source deck which , in turn , will be placed on the prog ram tape. 
-•

4.5.2 Test Prog ram Instr uct ion (TP I)

Th is is a manual (usual ly gene rated by a technica l publ icat ions group)

that instructs a s ta t ion  operator how to conduct a s p e c i f i c  test  program. The

source documentation required for the development of the test program instruc-

t ions are:

• 

• 1) Schematics
2) Theory of Ope ra t i on
3) Diagnostic Flow Chart
4) Test Diagram .

It is pertinent to mention that accurate and complete documentation

— I mus t be maintained throughout deve l opment stages of any CATS prog ram.

4-k
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4.5.3 Interface Device (ID)

This piece of hardware connects the UUT p ins to the appropr iate

stimu l us and measurement instruments v ia the swi tch ing mat r i x .  The important

documents required for the fabrication of ID are the assembly p in layout and

the test diagram.

4,6 P~~~~am T~j~e Valida t ion

Once the program tapes are generated they must be validated on station.

The tim-c required to verify a tape is directl y related to the level of the

language and the complexity of the test. Assuming the syntax and sema ntics

are corre ct , parameter values can either be changed by on-line or off—line

prog ramming. On-line is much faster in that it allow s the eng ineer to adjust

the prog ram at the Input/Output console. This is accomplished at the expense

of utilizing station tim •e and a more complex compiler.

Off—line progra •mm ing is slowe r and more expensive because more people

are involved in the change. The advantages are bet ter  control ove r changes in

that they are documented and that the test stations are not needed to veri fy

tapes .

As with the test instru m entation , the computer subsystem wil l  have a

self-check capability that will monitor internal test points to determin e proper

functional operation.

4 .7 Test ing Speed

It should be noted that the speed of testing a UUT is directly related

to the response t ime of the st imulus and measurement instruments. While a

computer can retr ieve data and make comparisons in the order of tenths of micro —

k-Li



______________________F - -
~~ 

- ~~~~~~~~~~~~ ~ ----—•

seconds the response time (settling tim e ) may be in order of thousands of

milliseconds . This is particularly true of analocj mea surements . Therefore ,

the limiting factor in deter m ining the speed of automatic testing is tih

ti,me sequences in di g it .~l tests and response time in analog tests , not the

computer.

4.8 L~~~~~~~a
5J L~~~~~~~ L~~~

The fol l owing is a specificati on of the rcquire :ments for the con uter

subsystem with sufficient capacity to expand the memory and test ins tru ne nta—

t ion .

4.8.1 Mini Computer with a minimum of 16K words , eith er in hard core or in

storage memory (i.e., tape , disk) must be capable of time sharing

at least four independent test stations .

14.8.2 A teleprinter , BCS drive r and test routin e .

4.8.3 The i nput/output must have keyboard arrangement with CRT Al pha-

num eric disp lay. This can be pane l or console mounted.

4.8.1+ The sof twa re shal l  include either an ATS BASIC interpreter or an ATS

ATLAS interpreter.

4.8.5 Memory_Capacjfl~

The system must be capable of incorporating these options :

a) Punch tape or magnet ic tape reader (503 by tes /sec ) w i t h
interface , test  routine and i n te r face  d iagnos t i cs . Punch
tape must have as a minimum a packing density of ten
bytes/inch. Magnetic tape must have a minimum packing
density of 70 bytes/inch.

b) Dua l disk memory with approximately 5 million bytes of
memory . Included wil l  be p~~ier supply and i nterface .

4—5
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4 .8.6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

This must have a capacity of at least 16 relay switch ing cards .

Each re lay swi tchiny ca rd w i l l  have the following characte ristics :

Switching Capability: 16 relays , w i t h  one Form-A and one
Form—C switch per relay. Each re l ay
has i ndependent storage.

Max imum Voltage: 203 volts peak

Maximu~ii Current: 2 a;mps switched with resistive lood ,
3 amps carry current after switchin g .

Cross ta lk :  140 dB typ ically measured at 100 kI-l z
on adjacent switch line.

Si gnal F requency: DC to 100 kHz .

Contact Resistance: 1400M at 103 ,033 operations.

Therma l Offset: Typ ically 50 volts or less at 25°C.

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

Operate Time : 20 m s  maxi mum .

Re l ease Time : 5 ms maxin iun .

In addi t ion an “E lect ronic  confirm ” line on each storage element ,

which may be used to operate switch clos i ng indicators , shall be included .

4.8.7 An interface panel or panels for interconnections between the unit

under test and the automatic test system patch panel. At least one

interface panel shall be used for self check and/o r self test.

4.8.8 All cables and accessories required to interconnect the ATS and all

cables between time shared stations.

14.8.9 In the event the computer subsystem is “down”, it must b~ capab le of
being circumvented via manual control.

14.8. 10 As an option the Automat ic Test System should be compatible to operate

w ith a heavy duty te lepr in ter  or a high speed l ine p r in te r.
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5.0 TIME AND COST OF COMPUTER AUTOM/\FIC TEST SYSTEM VS .
MANUAL l E ST SYSTEM

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

time to pe rform the same test manua lly for the DRAGON NVS. Each type of

testing is compa red to determine the opt imum point in time a computer auto-

mated tes t system becomes economically feasible.

The esti m ated cos t. data shown is extracted from Appendices

B and C.

5.1 Manual Test_ Stations

The cost of labor plus overhead to p ro-
duce 63 systems a month on a manual b~sis is
$38 ,900. To test 5000 DRAGON NVS
(approx i mately 8t + months) the labor $3,31+Li ,778
cost is

The total cost to test 5000 DRAGON
NVS at 60 systems a month is $3 ,31+14,778

Not included in this price is the test
instruments wh i ch exist in the APE
Pilot line)

5.2 Computer Automa ti c Test Sys te m

The pr ice of two computer Auto mat ic
Test Systems is $2’44,1400

The cost to install two CATS systems 140,000

The cost per Test Program Set is $~8,92O.• The cost of eight TPS ’s is $260,003

The cost of labor and overhead to produce
5000 DRAGON NVS at 60 systems a month is $327,103

The total cost to test 5000 DRAGON NVS
utilizing CATS $871 ,503

- 1.
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5.3 Con~pari son Between CATS and Manual Station s

The difference in cost between CATS and a $3 ,31414,77 8
manual test station w i l l  result in a cos t — 87I~~ O3
sav i ng of $2 ,L+73 ,275

As seen from the graph (Figure 1 of A p-
pendix C) the point in time for which
a computer automated test system becomes
more econom ically feasible than a manual
system is 15 months .

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

5-2
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6 .0 CONCLUSION

This conclus i on summ arizes the important facts concerning Co mputer

Automated Test Systems and describes the type of system that would best

• serve the tes t ing  requirements for the DRAGON Nig ht Viewin g System .

6.1 ADVANTAGES OF COMPUTER AUTOMATED TEST SYSTEMS

The following delineates the advantage of using a CATS as opposed

to manual test stations .

— As per section 5.0 and Appendix C a Computer Automated

Test System will accrue a cost savings of 2.147 m i l l ion dollars after testing

5000 DRAGON Ni ght Viewing System. (814 months at a 60 per month rate)

— Computer Automated Test Systems wi l l  prov i de precise

repeatability of testing. Since the computer wi l l  control the testing all

assemblies are tested exactly the same . This will reduce inconsistent test

cond it ions inhe rent in m.mriua l operations .

Accuracy — CATS will  improve the accuracy of the testing . M arqi n al

operation can be more easily detected with CATS than by visua l in terpretation .

L L L a ~a a ~J..~~a - As the rate of assembly and testing of Ni ght

Viewing Systems increases additional need for Automated Testing of ~omponents

will arise . It wil l  be possible , with only softwa re development , to use th ’

CATS as described for i ncoming inspection of electronic components .

Q e ~ _Program~ — Since other night v iewing systems such as Handheld

Viewe r and Tow have similar function al electronics to DRAGON only a i ,i ini n~um

of software development would be required to i m p l e m ent these system s on CATS.

The hardware specified for the DRAGON CATS will encompass all st imulus and

• 6- 1
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measurement instruments for the Handheld Viewe r , TOW , FIRTI , e tc .  Once

the softwa re has been deve.oped for DRA GON the cost of generating a Test

Program Set for a s im i l a r  project w i l l  be about ( 2 5 - , to ~~~ of the DRAGON

softwa re cost .

Fau l t  Dia~p~sis - If , as per Appendi x C , dia qno stic programs

become d~ s i r a b l e  CATS wi l l  provide all the necessary computer and test

equi pment hardware for faul t diagnost ic i nvesti gation . Diagnos tic pro~iraIus

are very similar to the End to End (CO-NO/GO) tests and can therefore be

added at a later date with relative ease.

6.2 Pro1oced CATS - Section 3.1 through 3.5 discussed the advantages

and disadvan tages of a Bui ld ing I3lock and a Dedicated system. This section

describes why a Building Block system is more desirable for DRAGON Produc-

tion testing.

Lead Time — Less lead time iS required to deliver and i ns ta l l  a

building block system .

~~ L~~~~~~.LL L2i~~Ji~a 
- Building Blo:ks require a shorter self check-

ing progra~m . A dedicated system , with it s comp l ex interconnections , requires

a very sophisticated and long self check program to isolate down to faulty

components. It is more advantageous to use a short self check program devised

for the bu il ding block system and then replace the faulty building block once

it has been identified .

dor Servic - Vendor service can be provided not only by the CATS

vendor but also by the individua l bui ld ing block vendors .

6-2
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- If any change in the operationa l performance

of CATS i s necessary , it is easier to imple m ent them on building block

system. This is due to its hardbvare versatility and relat ive intercon—

j nection simpli city.

L t ~. — In the event the computer subsystem is out of service

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

6-3

- 
. i r



~~~~~~~~~
•
~~~~~~ • - -•• •‘ • ~~~~~~~~~~~~~~~~~~~~ -w~

—,-
~
-•—••
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

7.0 RECOMMENDATIONS

- • 7.1 Twoc ietc C~~~ ute~~~~~~~ atedJes~~~~~~~~ns

It is recommended that a two complete CATS stations be imp l emented

for the DRAGON NVS dividing the numbe r of assemblies to be tested bctwe~ n

each system . The justification for this is the follow ing~

- • 

~~LLL~~~ 
- In the event one computer subsystem s out

of service , testing can be continued on the other system . The down tim e of

the computer subsystem will vary from 214 hours to 148 hours.

Work ShLft s — A single CATS station wi l l  necessitate two work

shif ts if 60 NVSm s a month is required. (Refer to Appendix C.)

Othe r Proarams - Two CATS stations will enable testing for programs

su ch as TOW , Nandheld Viewer /\N/PAS—7 and TIRS (Therma l Imaging Rifle Si ght)

wi th the use of a second shift .

Tnr.nmirmo Tn~p~ction - Two CATS stations will provide com~uteriz ed

quality control for i ncoming inspection of components with additiona l soft-

war e and a second work s h i f t.

4 Fault _Djag~~~fl - A second work shift can also use the CATS stations

for troubleshooting or Diagnostic Prog rams for DRAGON assemblies.

7.2 Q Comp~let~ _Compu Autom ted t Svstem

One complete CATS s tat ion will be less costly than two CATS stations ,

and can be used as a bu i lding block for the two system approach , but it is

less des irable for these reasons .

Two Wor k Sh i f ts  — Two work sh i f ts  w i l l  be required to test 60 units

:1 a month.
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Manua l Testing - In the event the computer subsystem is out of serv ice

both work shifts must imp l ement manua l testing .

Limited Capacity — There is little potential for available capdcity to

test othe r Ni ght View i ng Systems or to assist Incoming Inspect ion without addi—

tiona l computer and test equi pment hardware being added.

7.3 Thi S ~~~sterns

In this scheme two ha rdwa re stations are t ime shared w i t h  a s ing le  corn-

puter subsystem . No degradation of test ing pe rformance wil l  occur using a time

sha red system but it is less desirable than two comp lete CATS stations for the

reasons listed and therefore not recommended.

Not Cost Effective — The decreasing cost of mini computer subsystems ma kes

their purchase more economically feasible than purchasing a single computer

time shared subsystem .

Additiona l Softwa re — A time sha red computer subsystem would require an

execut ive routine that would almos t double the memory allocations needed for

the compiler . This will necessitate more software development and memory

capac i ty.

Increased Hardwa re — The increased memory capacity required o a time

shared computer subsystem may mean that disk memory must be used as opposed to

tape memory . Disk memo ry is about $10 ,000 more than tape memory and the cost

to deve l op the expa nded comp i l er w i l l  be approx imatel y $20 ,000.

Down Time — If the time—sha red computer subsystem is out of service both

hardware stations cannot be operated automat ically.

Excess Capac[çy - Two CATS stat ions cannot justify the increased hardware

intngration and memory that a time-shared computer subsystem wil l  require . Time

sharing J ust ifies i tself onl y if there are many test stations all requirin g hi gh

speed d i g i tal fun ct ions .

~~~~~~~~ • ~~• •~~~~~~~~ • 1’
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APPE NDIX A

• DEDICATED TEST EQU IPMENT SPECIFICATIONS

1. Dual Trace Oscil los co~oe

I.! Genera l

All functions must be remotely progra.~inable and comp atible with

Tn /DEL log ic utilizing 8’ i2 1 BCD cod i~.q.

1.2 Vertical Section

1.2.1 Bandwidth and rise time — DC to m t least 60 Mlz, 5.8 NS at

5 mV/cm , 3 dB down.

1.2 .2 Def lect ion factor -- 5 mV/cm to 10 V/cm.

1.2.3 Display modes — Channel 1 only: channel 2 onl y (may be inverted) ;
Alternate - chopped (approxim ately 503 kHz): added.

1.2.14 Inpu t R and C - 1 megohm , 2 1-4 • f .

1.2.5 Max imum input voltage — 600v (DC + peak AC) , AC co ip led and 33J~

(D — peek AC) , DC coupled .

1.2.6 Interna l trigger source - composite or channe l 1 only.

1.2.7 DC balance — the valts /cm vernier may be varied withou t baseline

shift i ndependent of screen position.

1.3 Hor i zo nta l_ Section

1.3.1 Main and delayed time bases — 0.1 sec/cm in 22 ca l i b ra ted  steps ,

• 1 , 2 , 5 sequ ence; ±3X , accuracy .

1.3.2 XlO •magn ifier - increases sweep speed by a factor of 10.

1.3.3 Horizontal disp lay modes — Norma l or ‘main sweep, main sweep with

Intensified delayed sweep portion , delayed sweep portion , delayed

sweep , main sweep with trigg ered delayed sweep i n tens i f ied  port ion ,

t r iggered de lay ed sweep , and external horizontal i nput for X—Y display.

A-I
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1.3.14 Tr i gger Mode — Automa tic mode should provid 2 a b is~ lin e in the

absence of A signa l , useful above 20 Hz. Tri gge red node should

overrid e automatic mod~ and should be used below 20 Hz.

1.3.5 Variable Hold—Off — Var iable , to allow synchronous tr i gg~ ri nq on

tone bursts , frequency or am plitu de m odulated si gn als or di g ita l

ward lengths.

1.3.6 Trigger sensitivity — Flat tri gje rin çj on 0.5 cm internally and

50 mV externally through 60 .M.-iz from DC ~inen DC coupled and from

14 Hz when AC coupled. LF REJ rejects signals below 30 kHz . HF

REJ rejec ts  s ignals above 50 kHz.

1.3.7 Tr igger sources — Internal , p icked off from Ci-I l and C’-12 prea mp lifiers

prior to DC offset from positio n controls . External , from 3~ C con-

nector , External 10 line. Input RC—l rnegohm , 214 p f, maximum input

voltage 603 AC coupled and 103 DC coupled - peak AC plus DC. Lc~ el

adjustment through ±1.5V in external or ±l.5V in extern al ~“ 10.

1.3.8 X—Y operation - Full sensitivity X-Y (CH I horizontal CH 2 vertical)

—5 mV/cm to b y/cm in 11 calibrated steps 1-2 -3 sequence. Bandwidth

is at least 14 MHz with about 1 0 phase difference at 50 kHz.

1.3.9 Horizontal amplifier — Bandwidth at least 14 M-$ z , 3 dB down ; deflection

factor is 120 mV/cm variable to l .2V/cm externa l , l.2V/crn to 12V/cm

i n  ex tern al .~.. 10 , X 1O magnifier increases sensitivity to 12 mV/cm.

1.14 Disp1~ y Section

1.14.1 CR1 — 5 inch rectangular tube , 8 x 10 cent imeter  d isp lay  area .

Horizontal and ve r t i ca l center l ines further marked in 0.2 cm

in crements. P31 phosphor. Acc e1eratin~j potential is 10 kV.

i
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DC couple Z—axis inten sity modu lation. ÷2V si gna l blanks

t race at norma l intensity from DC to 5 M~iz , in , ut R is 5K oh ms .

1.4.2 Graticule — interna l , no parall ax ; variab le edge lig ht ing.

1.14.3 De l ay time ji tter — less than 1 part in 20,000 of 10 x ‘main

• sWeep time/cm settin g .

1. 14.14 Cali brator - 1 kHz squa re wave . 0.6v and .OSV peak-to-peak ~l/ .

Rise time less than 1 ,&Js .

1.5 Environmental

1.5.1 Temperature : Operatin g +5° to +145°c
Nonoperating —20°C to +50°C

1.5.2 Humidi ty :  Operat ing and Nonop-e rating to 95’L
Re la t i ve  Hu m id i t y  at +55 °C

2. Powe r Su~~jies

2.1 Progra mmab le ration

2.1.1 All DC voltage levels mu st be remotely pro gramm able and compa tible

with TTL/DTL logic utilizing 8~+2l BCD coding.

2 , 2 DC Ou t~ u t Vo l tages

2.2 .1 +5.0 vo l ts  2 .0 amperes m m .

2 .2 .2 — 6.0 volts 1.0 ampere m m .

2 .2 .3 —20.0 volts 0.5 ampere m m .

2.2.4 +100 vol ts 0.1 ampere m m .

2. 2 .5 line regulat ion - 0.Orh -il m i l l i v o l t  for AC line variation from

105 to 125 vo l t s .

2.2.6 Load regulation: 0.01% +1 millivolt for 0 - l00/~ changes in rated

output current at the junction of load and remote sense lends .
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2.2.7 Ripple and noise: less than one m i ll i v o l t  peak—to-peak over a

I MHz band at an input line frequency of 60 Hz.

2.2.8 Source impedance : less than 5 m i ll ioh m s at DC , 100 mill ioh ms a t

20 kHz , one ohm to I MHz.

2.2.9 Recovery time : output voltag e will return to within a 15 m i l l i v o l t

band of th~ original voltage setting within 50 microseconds fo t- a

step change (1 microsecond rise t ime )  in rated load of 10 — I 0 D /~.

2.2.10 Stability: Better than 0.02% +3 millivolts per 24 hours at constant

l i ne , load and ambient tempe rature , after warmup . Better than 0.Ol~

+1 m i l l i v o l t  w i t h  external low temperature coefficient progra mm ing

resistance .

2.2.11 Temperature : Ope rating: +5°C to ‘45°C
Storage : -20 to +50°C

2 .2 .12 Temperature coe f f i c ien t :  Output vo l t age  change less than
0.027~ per ~

•C.

2 3

2 .3.1 Crowbar shall short ci rcuit the output of the supply in less than

50-3 microseconds at any output voltage in excess of a preset level.

2.1. Current Limitin g

2 .4 .1 A l l  power sup p lies must be current limited to a preset level.

2.5 Remote Sensing

2 .5. 1 One—half vol t  drop p-e r load lead .

2.6 Remote Pro~ ramrn in~

2.6.1 Ohms/Volt 1000

2.6.2 Accu~racy O.37~ +1 nW
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2 .7 Env i ronment

2.7.1 Tempenature Op cr at iin j Raiig~ : +5°C to

j Storage : —20°C to 50°C

2.7.2 Humidity: 80% maximu m relativ e hu m idit y
at 113°C.

3. D igital M meteer

3.1 Frequency Response: ±1.0 d3 from 10 Hz 103 LHi

3.2 Readout

14.5 di g its including over-rang e into a printer usin g 8~2l BCD coding

that is IlL/OIL compatible.

3.3 DC Volts
Input Ma x im um

Ran ~~ Reso lution ~~pedance Vol tage 
-

(vo l ts)  ~M) ( vo l t s )

1.0000 100 UV 1003 1033
10. 000 1 mV 1033 1003
103.00 10 mV 10 1003

1033.0 1 300 mV 10 lUJU

3.3.1 Over—ran ge

[ Forty (140) percent all ranges at rated accuracy (except on 1003 Volt

range).

3.3.2 Accuracy -

±0.01% rdg., ±0.01% FS 214 ho u r s  23°C ~5°C

±0.03% rdg., ±0.01% FS 93 days 23°C ±5°C

3.3.3 Measurement Time

1.5 second to rated accuracy

3.3.1. Readinq Rate

5 read ings/second

A-5

- 

_i__ ___ __
~

__ ____ 
- -  

, ,



~~~~~~~~~ ~~~~~ ~— . --- _-~___..__._‘,.-- —.- __ •__ •‘___.—•.--—--.Jo—__— — —. - - -. — — -- —.——--- -—---,-—---

• 

• 3.3.5 Norma l Mode Re~cc t ion

[ 60 dB at 60 Hz increa sing at a rate of 6 dO/octave (~ r 20 dO/decade) .

3.3.6 Commo n Mod.c Re j~ c lion

[ 100 dB DC to 60 Hz with 1K source imbalance .

3. 14 AC V o l t s

3. 4 .1 Roage RCs 1 U t L

1.O3-33V 103 ~IV 1M , 75 p1
IO.033V I mV 111, 75 p f

lO-J.OOV 10 nV 1M , 75 pf
1003.OV 103 n’J iNn , 75 p1

3.4.2 Ove r-ranqc

Forty (40) percent all ranges at rated accuracy (except on l033J range )

3. 14.3 Accurac y

100 Hz to 10 kHz ±0.l/~ RD~ , ±0.03L FS

.50 Hz to 30 kHz ±0. 25% RD~ ? :kO . O~ /, FS

30 kHz to 100 kHz ± 1.0~, RD~ , ±0 .1% FS

3.4.14 Maximum Input Voltage Vs. Frequency

50 Hz to 5 kHz 750V

5 kHz to 10 kHz 503/

10 kHz to 50 kHz 250V

3.14.5 Measurement Tim-c

3 seconds to rated accuray.

3. 14.6 Step Response Time

3 seconds.
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3.5
Oulput Max. Open

3.5.1 Rnn g.c Res olution Current ~ LLc~~~~Y~ ft ~~:(K) (ohms) (uA) (vol Is)

1.0000 lOOM I 18
10.033 1 100 18

10-3 .00 10 10 18

1000.0 100 1 lR
10303. - 1K 100 l~

3.5.2 Ove r—r anqe

140% a l l  ranges at rated accuracy (except om 10033K rang-c)

3.5.3 Accuracy (93 days , 1 5 - 35°C)

1K to 103K ±O.O2/~ RD3 , ±0.02,~ ES
1 ni ll ioh u s ±0.05% RD3 , ±0.02/,, ES

1DM ±0.2% RD~ , ±0.02 /, ES

3 .5.4 Measurement Tim- c

2 .0 second to rated accura cy.

3.5.5 Step Response Time

1K to 103K 203 ms
lM 300 ms
1OM 3 sec

3.6 DC Current

3.6.1 Ranges ±I00 )JA , (207, over-range , all  ranges to ±1999 mA)

3.6.2 Resolution 0.01% of range (10 nA on 103 AlA range , maximum)

3.6.3 Accuracy (all ranges)

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

3.6.14 Burden 100 mV at l03 ,uA increasin g to 300 mV , 1200 nA

3.6.5 Response Time to Rated Accuracy 1.5 seconds

3.6.6 Overload Protected to 2 amperes on any range.

I
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3.7 AC Current

3.7.1 Rancies (auto) 100 uA to 1939 mA (20% over—ra nge , al l ranges)

3.7.2 Resolution

0.01% of range (10 nA on 100 uI\ range , m aximu m )

3.7.3 Accuracy (al l  ranges)

50 lIz — 5 kHz 30 — 50 dz ~nd 5 — 100 kHz

±(0.3% of in?ut :~(O.6.-’, of inp ut +0.05 of rangc)
+0 ,05% of range)

90 days , 15 °C — 35 °C

• 3. 7.1. Burden 100 m’J at 103 uA increasing to 303 my , 1203 mA

3.7.5 Response Time to Rated Accura cy 3 seconds.

3.7.6 Overload Protected to 2 ampe res on any range.

3,8 Environment

3.8.1 Temperature : Operating Rang-c : +5°C to -n-145 °C
Storage: —20 C to +50 C

3.8.Z Humidity:  80% ‘maximum relative hu m idity at 140°C.

3.9 Auto Check

Tl~e unit must b~ capable of perfor m ing a quick self—check of all its

functions .

14.0 Pulse Gene rator

14.1 Programmable Opçration

4.1.1 The frequency and ampl i tude ranges must all be remotely programm able

and compatible with Ill/OIL log ic utilizing 81421 BCD coding.

14.2 Frequency Data

4.2.1 Interna l clock: 0.1 Hz to 50 MHz.

A-8
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~~~~ Doub li ’ (i~ m i m - ~) pu I- . ’ 0 . 1  II’ to 50 Mtl. H Io~~l i v m - p i t

.2. 6 1 x I o inu  1 I i  I DC to ~() M~l.

I . ) . ‘ ‘ I I (‘ s~ II’ ’Il~ ‘~ ,I I t on - 0. 1 . i i  m~~l I P.

6. 9p~
’ I .i (in ’ M. .I, ’~

6. . I Cu i o mm C

• - ‘ Volt . i . i m  ~~t e m I  I -

it . ~~. S i n i l o  ‘ul~~’

6. It Diu hl m ( U  I ‘ o  ( i m . i  i i - )

6 .3 . ’. Nnn m m m I — 1 n ~ on t((1 (cnnlm ’n ‘ ;m Im ’mI )

14 .6 Nm’ - i t  i v ’ . ‘i ~~~
- -~~.i Ii v ’ Omit put

It . Ii Out 1 m i t  I~I C - m

14 .11 . I Out t h u  Ammmjm I i  C u m f c  ( i ’~~’ - i t  I vm ’ ) : C~,iit i n m i - ’w- Iv v i m  i j Im I o 1 1 ’ )  OV t - i I (I ,!

t ( i ,’ ., h i . m m  ii ~~m ’ m I . m i m  OY C ’ ’  i~~V .~~~ m o - . .  m~~ - ‘ im m- ~ ( w i t h  i i m $ . - ..’nd m l

( O ’~ ol) .

1I .1I .~’ Out put A mn ’l i t um i c  ( mm ’ iut i vc )  : r 1 1  I i i m . ’ . m -  ly ~ur i. , Im~ ,’ Ii o m m  av t o

. hm i n ’ . ,. hi .ih I m m m . m t . n m m  ‘ : OV h’ — ‘‘V , i m ’ ’- -  ‘ ‘P ,‘‘m n ~.

3 Curi , -n t l I m b  : * ~ mA 1mm _ ‘O~
) imt ~ ( ‘  10V i umt ,m  mO _ m ’i mm- .)  i m n  1 I~ . m ! m

~.U t I i(  “ I mi mm

6 Volt ‘ ‘ i . ’ H m f ~ : ‘ ‘ .0 nV ( ‘~V int O ‘1) .)tI Ir- ‘ ‘ ‘  ‘ P ~I m n-

I~~ )~~ I, S omin o 7m11 1mm ’d ,) m) o: ‘ .1) - mh i- nm 1i- ~ .m ’~~ i- . , ‘‘wit tim ~~~~ 
1, ’~ t ~‘ .I .

6.’i. h (‘ U t ’ ; m ’ I)u d lion : 1’~ m m .  to 1 ~. . ‘ . i i i .

1i.6.i D u i . i t i m i m  j i t  t m - i :  0.1/, IO .~I m m . .

t4~ ~t .8 Pu I ~- ‘ Do l .~y : I ~m n’. to I . o m  m m m I

i~• II,9 Delay J i  C t m ’ r :  0 . 1 ;

11 .6.10 Duty Cyc in: to lPO ’...
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4.5 Baseline Offset Data

4.5.1 Curr ent Mode: 0 to ±140 mA (0 to ~2V into 50 oh m ms )

4 .5.2 Voltage Mod-c : 0 to ±2V into 50 oh-mis .

14.5.3 Overload Protection: Short an-i up-en circuit protected.

14.6 Pulse Shap e 0-it a

-— 

14 .6 .1 R ise / fa l l  time !14 ns typ ica l , 5 ns max . fixed.

14.6.2 Distortion: Less than 57 total (prcshoot , overshuot , undersh oot ,

d roop) at full output .

14.7

14.7.1 Amplitu d e : +2V minim um into 50 o~vns .

• 4.7.2 Rise Time : Less than 5 ns

14.7.3 Duration: 50% of mini m mum period of prf range.

4.7.4 Delay: 10 ns max., referred to trigger input.

‘8

4.8.1 Trigger Frequency: DC to 50 M-Iz.

4.8 .2 Gate Frequ-en:y: D~ to 25 MHz , Syn: or as/nc .

4.8.3 Sensiti vity: :* 100 imV , 10 u s or greater duratio n .

14.8.4 Slope: Posit ve or negative .

14.9 v iron mmen t

14.9.1 Temperature: +5°C to
Operating Ran~j’: —20°C to +50 °C

• 4.9.2 Hum id ity: 80% maximum relative h u i m mi d ity at 6D~C.
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5. Function Generator

5.1 Progr uu~blc Qperati on

5.1.1 The frequency and am plitude ranges must all be remotel y pro -grane.u b lc

and comp atible with TTI/DIL log ic u l i l i i i n q  8521 coding.

5.2 i~~ t !~~ Rong~e

5.2.1 M ain Generator: 0.0331 Hz to 10 M,-lz.

5.2 .2 S t a b i l i t y :  0.05/. of settin g for 10 .m mi n ut c s , 0.35/, uf
setting for 26 hrs .

5.2,3 Accuracy: ± (2% set +2/, range) 0.0331 Hz to 10 MW’.

5.3 ~~~~[tude

5.3.1 Main Output

5.3.1.1 Output Amplitu de: l5V p—p into 50 oh-mis , 30V p-p o,’-c n circuit.

5.3.1.2 Output Attenuator: 80 dB attenuation in 10 dB steos and 203 d3
continuously variable.

5.3.1.3 Stability: 0.05% of max p—p am plitude for 10 i min .

5 .3 . 1 .14 Output Imp edance : 50 ohms

5.3.1.5 DC Offset: ±7.5v into 50 ohms , ±l5V open circu t ,
va r i a b 1 e.

5.3.2 Sync Outputs

5.3.2.1 Output Amp litu de : 20V p-p squa re

5.3.2.2 Output Impedance : 100 ohms

5.3.3 Externa l Input

5.3.3.1 Voltage controlled frequency approx im ately 5V input for 1000 fre-

quency ra t io .

5.3.3.2 Sync: 5V p—p to lock.

5.3.3 .3 DC Of fse t :  1.1 i nvert ing.

A- I l  
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5.14 Waveforms

Sine , squa re , triangle , syne , ±squa re , -‘ sine , triangle ,

d.ramp , ± pulse . 
-

5 1 . 1  S ine

5.14.1.1 Frequency Response: 0.1 dB to 100 kHz , 2 dB to 10 M.-bz

5.14.1.2 Distortion : 0.5,. to 0.031 Hz to 103 kH~ . No
harimo -iics 30 d3 down from [u- ida—
mental 103 kHz to 10 MI z.

5.14.2 Tr ia s~gle

5. 4.2. 1 L inear i ty :  997~ to 100 k’rlz , 95/a to 10 Hz.

5.4.3 Square Wave

5.4.3.1 Rise and Fall: 20 as (500V/sec slew rate l i mim ita—
t ion into 50 ohms)

5.14.3.2 Overshoot and Ringing: 5%

5.5 Environment

5.5.1 Temperature: Ope rati n g Rdng~ : -‘-5°C to 145°C
Storage: —20°C to +50°C

5.5.2 Hum idity: 80% maximum relative h u m i d i ty
at 1+0°C

6. Counter/Timer

6.1 Readout

6 .1.1 7 di g its including overrange into a printer us ing 852 1 BCD coding

that is TTL/DTL compatible.

6.2. Modes of~~aeration

6.2 .1 Count : F requency : 100 MHz
Counter Ra nge:  1 to 107 count
Input: Channe l A
Gate Time : Automat ically selected
Accuracy : Absolute
Readout: D imens ionless.

A- l2
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6.2.2 Frequency : Range: 100 M -~z
Input Channe l A
Gate Tim-c : A
Accuracy : ±1 count :‘ti ,n ~~base accuracy
Readout: kHz or MHz , w i t h  a u t o m a t i c a l l y

positioned cl ec immi a l point.

6.2.3 Period: Range: 100 ns to lO~ sec
Input: Channel A
Clock Fre — 10-3 ns to 1 second in Pc ci mmma l

quency: steps , auto m aticall y selected
Resolution : 0.1 sec to 1 sec
Accuracy : ±1 count ~tim -e—b ose accuracy

±triqg cr error.
Readout: Sec , msec , or usec , with auto-

matically p ositioned decima l point .

6.2.14 Positive or Negative Pulse Width:

Range : 0.1 usec to 10 sec
Input: Channel A
Clock Frequency : 100 ns to 1 sec in decima l steps
Slope Selection: Programm able
Resolution : 0.1 sec to 1 sec , auto m aticall y selected

for max imum resolution
Accuracy : ± count ±time—bas e accuracy ± tri g-ger error
Readout: tjsec, msec or sec , with automaticall y pos i-

tioned decima l poir.t .

6.2.5 Period Average

Range : 100 Hz to 1 MW’ , 14—di g it reso lu t ion
10 Hz to 1 l1,’-lz, 5—d ig it reso lu t ion
1 Hz to 1 MW’ , 6—di g it reso lu t i on
0.1 H . to 1 MHz , 7—d i g it resolution

Input: Channe l A
Periods Averaged: 1 to 1003 , automat i ca l l y  se lec ted  for

maximum resolution.
C lock Frequency : 1 MHz
Accuracy : ±count ±t in me -ba se accuracy ± t r i gqe r  error
Readout: Usec , msec or sec w i t h  automat ica l ly  posi-

t ioned decima l point.

6.2.6 Ti me A B

Range : 0. 1 sec to lO~ sec
Input: Start Signal: Channe l A. Stop Signal: Chan-

nel B. Can be co-n-non or separate.
Clock Frequency : 100 ns to 1 second in decima l steps

• A- 13
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Resolution: 0.1 sec to 1 sec
Accuracy : :tI count ~ti mmu-e —b asc accuracy ‘tr iqqe r

error o ~ t n  q
~i .~r 

cr1- or of B.
Readout: Usec , ms~c or sec , w i t h  a u t o m a t i c a l ly  pos i-

tioned decima l point.

6.2 .7 Ratio A/B

Range : Channel A: 0 — 103 M.- iz . Cha nnel B: 0 - 10 Md.’
Input (Fl): Channel B
Measures: Fl/F2
Nummb er of Cycles 1 to 1000 a u to r md t i c a l l y  s e l e c t e d  for
of 12 averaged: maximu m resolution
Accuracy : ~- l count of El :‘tr i gger error o F2
Readout: Dimens ionless , w ith aut o -mm t i cal l y po~ i—

t ioned decin ia l point .

6.2 .8 Time Interva l

Range: 0.2 usec to l0~ sec
Clock Frequency : 100 ns to I second in decima l steps
Resolution: 0.1 usec to 1 sec
Accuracy : ± 1 count ±t in me -bas e accuracy  ± ya te  -error
Readout: Usec, rasec or sec , with automaticall y posi-

- 
- tioned decim al point .

-
t 

6.2 .9 Input Channels A & B

Range: Channe l A
DC Coup led: DC — 70 MHz
AC Coupled : 20 Hz — 100 Hdz

- . 
HF Rejection : Attenuates si gnals aboie I kHz approx .

Rzinge: Channel B
DC Coup led: DC — 10 MHz
AC Coupled: 20 Hz - ~O MW ’
HF Rejection : Attenuates si gnals above 1 kHz ape rox .
Impedance: 1 megohm shunted by 2 5 pf approx .
Sensitivity: 25 rms sine wave 0 — 2 ft-iz

50 mi s sine wave 2 — 10 MW’
100 rms s ine wave 10 — 103 MW’ (Chann~~l A only)

Channel A O.3V peak-to-peak pulse , 7 ns mm pulse w i d t h
Channel B O.3V peak-to-peak pu lse , 50 ns mm pulse width
Preset: Sets tri gger reference 1-0 0 volt

F Attenuation: Xl , X l O , X 1 00
Trigger Levtel : Automatically adjustable 41V , ±100V , dcpen :L’:mt.

upon settin g of attenu ator
Slope Independent selection of positive or negative slope
Overload Protection : 250V rms on X lO and X lOO at t cnmiu tor settings ,

120V mi s on Xl  a t tenua to r  s e t t  m l  U~~ to I ktlp ,
decreasing to b y  rims above 10 Mdz .

A- l 1.

~ 



- 
~~~~ w- ~~~~r ~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~~~~~~~~~~~- -~~~~~~~~~~~~~~

- 6.3 Environment

6.3.1 Temperature : Operating Range : +5°C to +145°C
Storage: -20°C to +50°C

• . . - . . . • 06.3.2 Hu ai duty: 80% maximu m relative humidity at 140 C

6.14 Auto_Check

- 
6.14.1 The unit must be capable of performing a quick self check of all

• its functions .

F 7. True RMS Voltmeter

7.1 Prpg ramnable Qperation

I Al l  voltage ranges must be remotely pro grammable and compatib le with

- 
TTL/DTL logic using 8’-t2 l BCD coding.

7.2 VoI tag~~Rang~ : 100 uV to 330V

- 7.3 ~~~ibel Raj~~e: -70 dB to +50 dB , referred to IV

7.14 Freq_u en c~~ Ranq~ : 10 Hz to 20 MHz (-3 dB; 4 Hz and 50 M.-lz)

7.5 Accu racy : 50 Hz , —2 MHz: li~ FS or ±L/~ rdq , which er
is better , increasing to +5% at ends of
range (±10% above lOOV on upper ranges)

7.6 ~~j~ut_ Impedance : 2 megohms shunted by 15 pf (25 pf , I - 30 rPJ
FS ranges)

7.7 Cres t_Factor: 5:1 at full scale , increasing to 15.1 at
1/3 full scale. Overload protection: 503V

- peak on all ranges.

7.8 CMRR: 120 dB , DC to 1 kHz: 80 dB at 1 MHz -

- 7.9 Environment

- 7.9.1 Temperature : Operating Range : +5 °C to +145°C
Storage : —20°C to +50°C

7.9.2 Humidity: 80% maximum relative humidity at 1-+0°c.
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8. Vo lt-Oh mmeter

8. 1 ~~~~~~~~~~~~~~~~~~~~

All m easurement manges must be remotel y pro qraiun-iblc a-i d compatible

wi th TTL/DTL Log ic using 81421 BCD coding.

8.2 DC Volts
Temp . Coefficient Input

Ran~ e Accuracy jO°C t o 5O °cJ J~~ cdnnce

199.9 mY 0.057 rdg ~1 di g i t  0.0375/ rd g/ °C lOO M ot ins
l.999V 0.057 rdg ~ l di g it 0.0375/, rdq/ °C lO 3OM ohms
19.99V 0.1% rdg :~1 di g it 0.0375’ rd g/°C 1D M o:1 is

l99.9V 0.1% rdg ±1 di g it 0.0375% rdg/°C lOM ohm s
l003V 0.1% rdg ±1 di g it 0.0375% rdg/°C 1OM ohms

8.3 AC Vol t s
Freq . Temp Coefficient Input

Range Accuraa a-~.aa~ I~~~~~~~~~~~~~~1c1~~~~~ L L a c ~~~~~

199.9 mV 0.3% rd g ± 40 Hz to 0.0225% rdcj/°C 1M oh m ~ 150 p f
10 kHz

l.999V 1 d i g it 1M ohm ~ 150 pf
l9.99V lM oh m 150 pf

199.9V 1M ohm ~ 150 p f

l000V 0.5% rdg ±1 143 Hz to 0.0225% rdq/°C 111 ohm .-~ 150 p1
d ig i t  2 kHz

199.9 mV 0.6% rdg ~l 10 kHz to 0.0225% rdg/°C 1M oh-u ISO pf
dig it 20 kHz

l.999V lM c’hiu ~ 150 p f
19.99V IM ohm -

~ 150 ~f
199.9V 1M oh-n u~ 150 p f

1000 - 1% rdg ±1 2 kHz to 0.0225% rdg/ °C lM oh m ~ 150 p f
d igi t  10 kHz

8.14 DC Current

Range Accuracy Coeff icient

199.9 uA 0.2% rdq ~~ digit 0.01% rdq/°C
1.999 nA 0.2% rd g ‘1 di g it 0.01% rd g/°C

A- l6 
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8.5 AC Current
Temp a rat u rc

Ran~je Accumacj Frecj. Ran~~ Co- e fficient
T~~ 

C to so C)
199.8 uA o.4y~ rd g ± 140 Hz to 10 kHz 0.0257 rdq/ °C

1.999 mA 1 di git

199.9 uA 0.75% rdg ~ 10 kHz to 20 kI1~ 0.025/ rd g/°C

1.999 na 1 dig it

8.6 On-ms
Current Temp . Coefl ci c-i t

Range Flow Accumacj~ (0°C to 50°cJ

199.9 ohms 1 mA 0.2V 0.25’ rd g +3 — 1 digit 0.012% rdj/°C

1.993K ohms 1 mA 2V 0.25’, rd g ±1 digit 0.012% rdg/ ’~C

19.99K ohms JO uA 0.1% rdg ±1 d i g it O.0I2/~ rd g./ ° C
O.2V

199.9K ohms 10 uA 2V 0.1% mdg ±1 dig it 0.012% rdg/°C

1.999M oh-ms I utt 2V 0.2% rdg ±1 dig it 0.025% rdg/°C

19.99M ohms 0.1 uA 0.5% rdg ±1 d i git 0.025% rdy/ °C
2V

8.7 Environment

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

L 8.7.2 Humidity: 80% maximum relative humidity at 140°C

ii
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APPENDIX B

1 0 Electro nic Functional ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
D~~~~~~~NJS .

A l l  test time shown are based on larg e volu m e pro duc tion at a rate
of 60 DRAGON NVS Systems per month ,

1.1 ~~~ector dnd~~ ia Asseiu~j~ (SM-D-77 02l5)

1 1.1 .1 Functiona l Pa rameters

Test NumberI No. Type of Test of Tests ~p~j-ox . Value

DC l eve l 64 Mill i v o l t s

- 2 AC level 614 Milli v o l t s  14 Hz

— 3 Noise 614 Mi l livolt s

14 Continuity 3 Short Circuit

‘95

1.1.2 Necessary Instrumentation

Digiti al Multi rm eter Inf rared Source
True RMS Vo l tmeter Powe r Supp lied -20V , -6V , +5V
Oscilloscope Mechanica l Choppe r
Fil ter (Low Pass)

1.1.3 System Comparison

Manual System Auto _Sj~stem

Set—up Time 0.5 hr Set—up Time 10 .0 minutes

-- Test Time 3.0 hr Test Time 19. 1 minutes
- 3.5 hr 29.1 minutes

0.1+85 hour

1.2 ~~earnp Ii fier ’Muft~p icxerAs semI~~~ (SM—D-77ol77)

1.2.1 Functiona l Parameters

Test . Number
L No. ~~~eof Test of To s t S ~pj~ ox. Val ue

I DC Offset 64 MVDC

L 
- 

2 Time Interva l 20 1+80 sec max .
84
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1.2.2 Necessary instrum ent ation

Oscilloscope Pulse Generator
Dig ital Mu ltime ter Counter/T i me r
Function Generator Power Supp lies , -20V , -6V , +5V

— 1.2 .3 System Comparison

-

Set—up Time 0. 5 hr Set-up Time 10.0 n nutes

Test Time 3.0 lirs Test Tin u e 16.8 m inu t es

3.5 hrs 26.8 minutes
0.48 hour

1.3 ElectricaL Scanner Assembjx (SM-D-770205)

1.3.1 Funct i onal Parameters

Test Number
No. lipe of Test of Tests ~p2 mox. Va lue

Time/Frequency 14 300 kHz

2 DC Leve l 5 +5 volts max.

3 AC Level 3 13.8 rms max.
12

1.3.2 Necessary Instrumentation

Counter/flnuer
Pulse Generator
Dig ital Multi rne ter
Osci lloscope
Power Supplies —20V , -6V , +5V

1.3.3 System Comparison

Ma nual_ System Auto System

Set-up Time 0.3 hr Set-up Time 9.0 minutes

Test Time .1.0 hr Test Time 9.1+ minutes

1.3 h rs 18.1+ minutes

0.306 hr

I
I
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1 .1+ DefL~~~~/Hi
Voi taj~~~Mui ti/CRT/Rcti cuie basseub~y (oM-D-77O1 71)

- - 1.4.1 Functiona l Pa rameters

Test Num ber

I~~~~~~~~~aLi~~~~!

L 1 DC Leve l 13 1003 vo lts

2 AC Level 7 25 vo lts p1

1 3 Time Interval 1 133 ms max .

4 Visua l Align me nt 9

Li 30

1.14.2 Necessary Instrume ntation

[ Dig i ta l  Mult im- eter
Counter/T i me r
Osci l loscope
Power Supp l y +6V

1.14.3 System Comparison

Set—up Time - 0.4 hr Set-up Time 10.0 minu tes

Test Time 2.O hrs Test Time ~3.5 minutes

2.4 hrs 23.5 minutes
0 383 hr

1.5 Power_S~j2E~~~~ssem51y (SM-D-770l79)

1.5.1 Functional Pa rameters

Test Number
No. Type of Test of Tests ~p~~ox. Value

Time Interva l 2 4 kI-f z

I 2 DCV Monitor 5 Full Load

I 
-m-5V +lOOV

- 3 DCV Monitor 5 Half Load
+5V +l OOV

1 4 AC Level 1 12 .5 V rmns

5 DCV Mon i tor 5 Hi g h Output
1~ 

-I-SV
6 Ripple Noise 10 M i l l i v o l t  p—p

1~ 
7 Current 5 nitr I amp max

L 8 AC Leve l _L 150 V rms
34

II

- 
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I .
1.5.2 Necessary Instru m entation

Pulse Generator
Coun ter/Time r

— 
Osc i l loscope

L Dig ital M U1tIIUL ’tcr
Powe r Supp l ies +SV , -4- 6V

t — 1.5.3 Sys t e m Comparison

~~fl~O~iL Sy~ tcm Auto S’~st~~u

- j Set—up Tim e 0.5 hr Set-up Time 10.0 m inutes
Test Ti me 2 .0 hrs Test Time 15.7 minu tes

2. 5 lirs 25.7 minutes
0. 1428 hr

1.6 Preai~j jHfier and Mu l t~~ 1exer Assem~j1 (st~j -D- 7 7O2O 1r)

1.6.) Functional Parameters

Test Num ber
~~pc of Test of Tests  ~p~yox . Va lue

V i s i b l e  ( li s tor t nn 8 —

of S rie Wave

2 Low Frequency Roll- 
~ 8 = 128 -

of f  16

1.6.2 Necessary Inst ru me ntat ion

t Di g i ta l  Mu l t i nueter
Counter/T i me r
Function Generator
Power Supplies -+5 VDC , -6 VDC , -20 VDC

1.6.3 System Comparison

Manual System

Set—up Time 0.5 hr Set—up Time 16 minutes

Test Time 2.0 hrs Test Tirur e 8 m inutes

2.5 hrs* 21+
0. 14 hou r

*Total Time for 8 PC Assemblies .

B-1+
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( 1.7 Lo~ i c B Assciu tOly~ (SM-D-7702
02)

1.7.1 Functiona l Para me t ’ r s

Test Number
No . Typc of Test of T e s t s  ~~j!rox. 

Va lue

( 1 Time Invcrv-a l 21+0 sec

2 DC Leve l 2 +5V

47

1.7.2 Necessary Instru m entation

Function Generator
Counter/T imer
Power Suppl ies +5V , -6V
Oscilloscope
Digital Mul t ime t e r

[ 1.7.3 System Comparison

Ma nua 1 S~ st c - m Auto S1s te-a

Set-up Time 0.2 hr Set-up Time 2.0 minutes

Tes t Time 1.0 hr Tes t Tim e 6. 14 m in utes

1 .2 hrs 8.1+ minutes
0.14 hour

Bias  Boa rd A ss ernblj  (SM-D-770 )75)

1.8.1 Functiona l Pa rameters

Test Number
No. Type of Test of Tests ~~p rox . Vo1u~

AC Ga in 614 150 nV
2 DCV Level 128 -3.0 VDC

3 Resistance 14 0.0 ohm
196

1.8.2 Necessary Instru m entation

Functiorn l Generator
Frequency Counter
Oscilloscope
Dig i ta l t4 u lt i rn-e ter

B-5
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1 .8.3 Powe r Suppli e s

H miu r l S y’ . n y s te . n

Set  —up Tim e 0.2 hr Set —u p T i n . - 12 .0 ml nut t -
~-

les t  Ti lure 0 .1+ Ir r irs t Ti is- 7.~ m l nu  t~ --

0 .6 hr 
~

- I ~) .5 u i rur t us
0. 32 5 hunt

~Tot5r1 Him’ for 6 PC A- - s -ntJ ~ I ii ’S

1.9 M i n Res~ Jv.r t~lr Feu~~-r di n i e  (MR r) (s~- I— p—7 j o Ij o)

I .9. 1 Func t i on 1 Pa raime I r i - s

Test Nu ri ’~ - r
of 1 - ; ts

T i m e V a m y i 1 i j  DC 8 Cha rac ter - i  s t  Ic
Cu r

1.9.2 Necess a ry Inst  r i i i i e m t , u i  ion

Scanmi i nq Mi c rophoto-ir ‘t or
Ofi —a xi ~

, Cal 1 m r-i t m i  f-l i rror
IR The rnra ) Sori co ~, iar ri ’t M~r sI ~s
X -Y R’ c ~~r r L-r
Powe r Sn 

~~ 
I i us

Fl h e rs

1 .9.3 Sys tern Ca;m~a r I son

~~~~~_Sy - i  t

Set —up Ti ru e 1 .0 hi- Se t —r ip 1 I m e  16.0 m i  run t  es
Test Time 4.0 hrs 1k -s t  T i m -  120 .0 - n i nn I es

5.0 hrs I36 .0 m r i n r r t t -s
2.26 u~ u,s

I

I
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APPENDIX C

- I .0 T ime and Cos t of Co uter fl tic  Test S~ s term Vs
a~~LT~~i_Sys~~ i

I - This section analyzes the tim- c to run an automated test versus the tim e

to run the same test manually for the DRAGON NVS . Each type of te st inq is com-

pared to d~~ertn inc at what paint , in tim -c a computer Automated Test Syste -mu b-c —

- - comics economical ly feas ib le .

- 1.1 mb Li es~~~dT e~~~~~~Ti~~e for a Manu-m L Station

- The present DSA~G0N APE pilot line utilizes manual procedures to test

the electrica l parameters on the following assemb lies:

- Asse m5 l ies  Set-u~~TLm e ~ Lest inq T ee ~’:
(Urs) ~~~rs)

I. Detector and Bias Assembl ies 0.5 3.0

2. Preanp/Multi/Logic/Intercon Assy 0.5 3.0

3. Electrical Scanner Assembly 0.3 1.0

- 14. Defl. Amp/U i V Multi/CRT/RET Subassy 0.14 2.0

¶ 5. Power Supply Assemb ly 
. 

0.5 2.0

6. Preamplifier and Multiplexer Assembly
— 

- of 8 cards 0.5 2 .0

7. Logic Boards 0.2 1.0

8. Bias Board (6 pcs) 0.2 0.14

9. Minimum Resolvable Temperature 1.0 14.0

Total 14.1 18.4

- The total time to test all the elect ronic functions on these assemblies is:

Set—up Time 14.1 hrs
Test ing Time l8 .~+ hrs

- j  Total Testing Time 22.5 hrs

*The times shown are ext racted from App endix B and are based on large volu m e

production at a rate of 60/month . -

C-l
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1 .2 Manua l T est  S t a t i o n

The foil owi rig del i mina to s the i ns t ruuientat ion of each manua l tes t  s t a r _ i  on

used to test the aforementioned assemblies:

Printer
Oscilloscop e
Dig i ta l M u l t i r i m - e t o r
Power Suppl ies
Counte r -/Tinie r
Function Gencr.jiom-
Pulse Generator
Rack Stand
Interconnect in :; Cabling
MRT Test S t a t i o n  Increment

1 .3 Numbe r of Manual S1s tens Reau i red

As previousl y mentioned the time requi red for a manual tes t  s ta t  j o t  to

complete a ll the electronic functiona l tests for one DRAGON system is 22.5 hours.

Assu .uuing 160 hours a month , the longest manua l test tim-c is 5 hours , wnic h y ie lds

a production rate of 32/month considering a sin~ lc s h i f t .  At  th i s  i-ate to pro-

duce 60 systems p~.r month one wil l  need more than a single sh i ft on this statio n .

1.14

The cost to operate nine manual test stations with 2 shifts or ei ght

and 3 shifts on one can be calculated as follows :

2 sh i f t s  x 10 stations x 40 hours = 800 hrs/wcck

800 hrs/weck x 4.3 weeks = 3~4140 hrs/nronth

Direct Labor Rate $11.32 hour .

The total cost in man hours per month is
(3440 I-i rs/month) x($ 11 .32/hr) - 

= $38 ,91+0/rnonth

A production of 5000 systems at 60 systems a month wil l  extend to 814 months . Time

to ta l  labor cost to operate thc manual test stations for 84 months is
($38 ,9’+O/mmo nth) x (814 months ) $3,270,960.00.

• C-2
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1.5 Total Cost for Manua l Test Stations

The total cost of ope rating ei ght manual on two shifts to test 60 systems

a month for 84 months (5000 systems) is:

Labor $3,270,960.00

1.6 Assemblies on Testiflg Time for CATS

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

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

Assemblies Set - up Ti me Test I n~ T imuu ~

4 1. Detector and Bias Assemblies 10.0 m m .  19.1 m m .

2. Preamp/Multi/Log i c/In te rcon
Assemb ly 10.0 mm 16.8 mm .

3. Electrica l Scanner Assembly 9.0 m m .  9.14 mm .

14. Defi. Amp/Hi V MuiU/CRT/
- - RET Subassembly 10.0 m m .  13.5 m m .

5. Power Supply Assembly 10.0 m m .  15.7 nu n.

6. Preamplifier and Multiplexe r
Assembly of 8 cards 16.0 m m .  8.0 mm

7. Log ic Boa rds 2.0 m m .  6.14 m m .

• 8. B ias Boa rds (6 pcs) 12.0 m m .  7.5 mm .

- - 
9. Mini mum Resolvable Tempera-

ture 16.0 m m .  120.0 mm .

Total 95.0 mm . 216.14 mm .

1.59 hrs 3.61 hrs.

‘1
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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

Tota l CATS Testing t ime for one system is 5. 2 hours . This compares to 22.5 hours

for manua l 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 rui re

sophisticated Interface Devices .

.7 Cost Per C~~~ u t er  A u t o m a t e  d Te st S ~~ te-n

The fo l lowing delineates the cost of computer Automated Test Syste :mu .

Mini Computer , which includes:

a) Telepr inter
b) 16K words of core) Punch tape ie~ der
d) Control panel
e) Patch panel
f) ATLAS i nterpreter
g) Tape Drive

Power Supplies

Digital Multimeter
Counter/T i me r
Function Generator
Pulse Generator
CRT Di sp lay
Switching Subsystem
Interface Devices
Speci al IR Test Equi pment

The approximate computer and tes t equipm ent ha rdware cost of one CATS

Is $138,000. Equivalent cost for two CATS is $2144,000.

* 
It should bc noted that a progra rmum able oscilloscope was not included be—

cause ti-te speed of the CATS negates visual parameter interpret ation. In those

——-
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instances where the oscilloscope was used in the manua l stations , tt mc CATS wi l l

mod i fy its softwa re to imp lement other measuring instruments.

1 .8 Number of ~~~~~~~~~~~~

The time required to comp lete the functional elec t ronic testing o one

DRAGON NVS utilizing CATS is 5.2 hours . Assu m ing 160 hours a month , one CATS

will test

160_hr~jp~~~th = 30.0 systems a month.
5.2 hrs

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 Contro l inspection.

.9 Cost to ~~~e rate CATS

The time required to test 63 systems a nuonth utilizing two stations is

(2 men) x (40 hrs/wk) x (14 .3  wks) = 31414 hrs/month.

Assuming direct labor and overhead at the rate of $11.32/hour then the

cost to test  63 systems a month is

(3414 hrs) x ($11.32) = $3894/month.

A production of 5030 systems at 60 systems a month wil l  extend to 814

months. The total labor cost to operate the CATS for 814 months is

($389~+/months) x (81-i months) = $327,1 03.

2.0 Softwa re

The cost to generate the softwa re is now calculated.

2.1 Test Proqr~5uu Tap~

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

w i l l  consist of approx i mately 250 test statements . There arc 5 - 10 computer

C— 5 
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instruct ions per statement and there are I — 3 computer words per ins t ruction.

Therefore , a typ ical test program wil l  amount to

(250 statements) x (8 coup . Inst.) x (2 words) = 4000 words per
test program

The memory capacity of each CATS is 16K words , hard core , plus lOOK words

in the tape drive. An ATLAS language comp iler will consume approxim e cly 32K

words .

The average cost to develop a tape , assumin j nin e taoes are developed

is $13 ,600.

2.2 Test Program Instru ction TR I

The cost per each Test Program Instruction wil l  be approximate ly $5, 120.

2 .3 1nt~~iface Device

Assume that the cost of each ID - N i ll be approximately 55 percent of the

sum of the tape and the instruction manual.

Therefore , the cost of each ID is estimated to be

($13,600 + $5,120) x 55% = $10 ,200.

2.14 Total Software_ Costs

The total cost of a Test Program Set (IPS) for each assembly wi l l  be as

fol l ows:

4 
Test Progranu Tape $13,600.

( Test Program Instructions 5,120.
Interface Device

Cost per TPS $28,920.

For nine Test Program Sets the total cost will be approx i mately:

j (9 TPS ’s) x (28,920) = $260,000.

c
c-6
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3.0 Test and CATS Cost

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

NVS ove r a period of 814 months (60/month) is as follows :

Test Labor Cost $327,1 03.
Hardwa re (2 systems) $2 14 + ,1i00.
In-house Set-up (2 systems ) $ 40 ,000.
Software (9 TPS’s) $26o~~ç~o .

Total Cost $871 ,503.

4.0 ~y~~em Cost Corn rison

In comparing the two testing methods the cost of hardwa re in the manua l

stat ions is excluded s ince they exist as ope rationa l uni t s in the APE p ilot

production line .

The difference in using manual test stations , for 5000 systems ove r

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

-( Manual Test Stat ons $3,344,778. Labor

Automatic Test System 871 ,503 . Labor & CATS

—~~~~~ Cos t

Savings us ing CATS 5000
systems $2 ,473 ,275.

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

prox imate ly 960 DRAGON systems or 15 months . The cost savings thereafter using

CATS is $36 ,500 a month.

5.0 Diagnostic Proc rams

The automatic testing oufl i ned in this report concerns itself primaril y

with end-to-end testing. Unde r the present philosop hy if an assemb l y has a nua l-

function it is taken off the CATS and given to a technician who will  conduct a

manua l procedure to isolate the fault . It may, at sonic point , be desirable

L _ _  
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(station tim e pe rmitting) to dia ;nose to the faulty co :upomi rmuts auto m atica l ly.

To i rnple;ment th is  d iagnost ic  procedure di aqnos tic proy romi s must be deve 1 ep ’d .

The scope of this report wi l l  not co-icr the details of a Di aqiun s t ic proqr~ .:i , hut

some general observation wi l l  be stated.

A Diagnostic program consists in inly of two parts , ar-i e n d — t o — e n d  t e s t

and a fault isolation sub routine .

5.1 The end—to—end test is similar to the end—to—end conzhicted o’i the pro-

duction CATS except that more parameters are checked with constricted

tolerances.

5.2 If any test in the end—to-end p rocedure fails , the pro gram auto -mu :-m t i c a l l y

enters into a fault isolation diagnosis. This diagnosis w i l l  ev entua ll y

locate the faulty component (or group of faulty comp-~iemt s usually 3 or

less) and indicate this to the operator via video display or teleprinter.

5.3 The cost of develo~ ine a Diagnostic Test Proeraii Set is aeproxin iate ly :

Test Program Tape $25,000
Test Program Instruction 8,000
Interface Device

Cost for one self test TPS $40,000

The time required to identify the faulty components wil l  vary from 1 — 15

minutes per assembly as a worse case.

To date , no accurate estimate exists tha t can indic ate the time to t rouble

shoot faulty assemblies manuall y.

C-9
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TABLE 1

TEST INSTRUMENTATIO N REQUIRED TO TEST EAC !i ASSEMBLY

Eq~u~~~uent Rc jgj red Per Test

1. Detector and Bias Assemb l y N e s ~ a~y In stru ue nt~~~ion

Di qi tal Mu ) t ime ter
True RMS Vo 1t ’~iete r
Oscilloscope
Filter (Low Pass)
Infrared Source
Power Supp lies -20V , -6V , +5V
Mechanica l Chopper

2. Preamplifier /Multiplexe r Oscilloscope
Ass embl y Di g ital Mu ltim eter

Functio n Generator
Pulse Gene rator
Counter/T i mer
Power Supplies -20V , -6V , +5V

3. Elec trical Scanner Assembly Counter/T i mer
Pu lse Generator
Di gite~ Mu1t !r.~etcr( Oscilloscope
Power Supplies —2OV , -6V , -i-5V

4. Defl. Amp/H1V Multi/CRT/ Dig ital Mul t ini eter
RET Subassembly Counter/Timer

Oscilloscope
Power Supply +6v

5. Power Supply Assembly Pulse Generator
Counter/Timer
Oscilloscope
Dig ital Multim e t e r
Power Supplies 4- 5V , +6V

6. Preamplifier and Multiplexer Digital Multin u eter
Assemb ly Counter/T im-e r

Function Generator
Power Supplies 4-5 VDC , -6 VDC , —20 VDC

1
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TABLE ) (CONT)

- ~~u i pnent Rcuui~ ed Pcr Test (Con t)  ~~~~~ sar y ncnta n

7. Logic Board Assembly Function Generator
Counter /T i me r
Power Supp l i- s  -i-5V , —6V
Oscilloscope
Di g ital Multi mmitete r

8. Bias Board Assembly Function Generator
F requency Counter
Oscillos cope
Dig ital Multi rim - eter

9. Mm . Resolvable Temperature (MRT) Scanning Microp hoto-meter
Off—axis Collimat i n g Mirror
IR Therma l Source & Target Masks
X-Y Recorder
Powe r Supplies

-

~~ 

Filter

-t

I

I
1
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TABLE 2 DESCRIBES THE FOLLO4ING PARArIETERS OF
EACH AS SEM B LY TO BE TESTED

liacs of IcsLJ~~r Assembji

1. Type o Tests
2. Numbe r of Tests
3. Approximate Value

1. Detector and Bias Ass emb l y-{ Number
Iia Li~! ~~~~~ ‘L~~L~~~

DC Leve l 6~+ Millivo lts

AC Leve l 6’4 Millivolts at 4 Hz
Noise 614 Millivolts
Continuity 3 Short Circuit

195

2. Prearnp li fie r /Mu lti plexe r Assembl y
Number

~~~~t~~Lc~~! of Tcst~ ~~~~ro V a~ u-

DC Offset 64 mV DC

Time Interva l 20 1480 sec max
84

3. Electrical Scanner Assembly
Numbe r

Time/F requency 300 kH~’
DC Leve l 5 +5V max

AC Leve l 3 13.8 ras max
12

4. Defl . Arnp/HiV Multi !
CR1/RET Subassembl y

Number
lype of Test of Test s  ~j~prox ._Va l ue

DC Leve l 13 I000V
AC Leve l 7 25V pf
Time Interva l 1 133 mscc max
V i s u a l Al i gnment 9

30

] 
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TABLE 2 (C0NT)

5. Power Supply Assc~;nbly
- Number

Iy~
e of Test of Tests rox

Time Interval 2 4 kuz

DCV Monito r 5 Full Load
+5V ÷100V

DCV Monitor 5 Half Lo~’d
-r-5V -i-lO3V

AC Leve l 1 12 .5 Vr im s

DCV Monito r 5 Hi gh Output
-i-5V -i-b Oy

Ri pp le Noise 10 M i l l i v o l t  p-p

Current 5 nil\ I amp max

AC Leve l 150 Vrrns

3~i-

6. Preamplifier and Mult iplexer Assembly

Visible Distortion
of Sine Wave 8

Low F requency Roll-
off 8

16 x 8 = 128

7. Logic Board Assembl y
- Number

~~pe of Test of Tests ~~~rox . Va Ju~

Time Interva l 145 21+0 sec

DC Leve l 2 ÷5V
47

-f

1:
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8. u i m ~- ~~~ ~i A~ - - --

N in~ i -

&~ 1 1’~.t  ~ I t ’. - , , . A~~~t t ’ -.. ~f I i

AC t;a i t,  6~i 1 0  mV
flC~ ‘~~

- - 1 120 — .0 y~ ç

taui ~‘ — ‘I - 
0. 0 ~

9. Ni  ii . Rc ’’- ’~ 1 V.11)) ’ le- n~ t ’ ri ( U e  (MR I

Ni r mi h ‘ ,  -

Jy lt i ’  c i Ie~- t  o l l ’ - t ’ ~ A 1) (~~ic \ . ~ i le ’

Va m~ i nq DC 8 Clia a t ri- i ‘- I i Cmi  ‘

0— I,

I t-

_ - --  --- ____
- — 5-  - —-~~~~~~~

-—- - — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-



— — - — —5- - — — 5
~r—~~~ _ _ _ _ _ _ _- ,  -- - -—  ~~~~~~~~~~~~~~~~~~~~~

- -

TEST PA RAMETERS OF EACH ASSEM BLY

I. Numbe r of Tests
2. Stimulus
3. Stimu l us In strumen tation
4 Measurement
5. MeasLrclment Instru m-e ntation
6. Numbe r oF Pins required.

D~~~~~orH ias~~~~~~2b~~ Pin
Test Stim u lus Instrumen. Meas. Meas. In st ru - i -~n . Co’mn.

1 —64 500°C IR Source AC Gain RMS VII 72
1 -614 500°C IR Source DC Leve l 0MM 72
1 —614 Room Temp Blackb ody Interferen ce RMS VII 72
1 -614 Room Temp B~ackbody Noise DM~i 72

~~~~~~~~~ UtL~~~~~~~~~~ L L ~~~~~~~~~~~~~~~~~~~~~ L~~i

1— 10 Square Pulsc Gen Timing Oscilloscope 95
Wave Counter/Timer

11—20 Square Pulse Gen Muiti p ?e~~t mi y OSLi ib o sLu rJe 95
Wave Counter/Tin ier
Sine Wave Function Gen Multiplexing

‘
~

- 21—29 DCV Power Supp ly DC Offse t DMM 16

30~1+0 Resistance - 01-IMS MM 16

Scanner_Assembjy (Electrical)
Pin

Test Stimuli Instru Meas . Meas .Instru Conn

300 kHz Scanner Frequency Counter/Time r 6
Mirror Switch
Simulator

2 300 kI-lz I I  Square Wave Oscilloscope 6
3 300 kI-Iz VRMS DIM 6
14 300 kHz F rcq Counter/T ime r 6
5 300 kHz l I  Freq Countei-/T i mc r 6
6 300 kHz VRMS DM11 6
7 DCV PS DCV DM11 14
8 ACV Scanner ACV Oscilloscope 6

Simulator
9 Pulses Pulse Ge-n VRMS MM 6

4
D-6

- 

-- — - -



L~PL~~3. (coNi)

Deflection A’n7/HV Multi
Pi t -i

Test Stimul i Instru Me-as. Ins tru C

1 DCV PS D~V DMM 14
2 DCV PS D CV 0MM ‘4
3 DCV PS DCV 0MM 4
14 DCV PS DCV DIM 14
5 D C V PS D CV DM11 14
6 DCV OUT Fme q Counter/Ti me r 6
7 DCV BUT V p-p Oscilloscope 6

8(614 Tests)DCV UUT VDC 0MM 6
9 DCV UJT V p-p Oscilloscope 6

10 DCV OUT V p-p 11 6
11 DCV OUT V p-p 6

• 12 DCV UUT V p-p 6
13 DCV UUT V p—p ‘I 6
14 DCV OUT V p-p m m  6

— 

15 DCV UJT V p-~ “ 6
16 DCV OUT V p-p V isua l 6
17 DCV OUT V p-p V isu al 6
18 DCV UUT V p-p 6
19 DCV UUT V p-p 6
20 DCV OUT V p-p “ 6
21 DCV UJT V p-p 1 6
22 DCV OUT V p—p ‘ 6
23 DCV OUt V p-p 6
24 DCV UJT V p-p 6
25 DCV PS DCV DIM 14
26 DCV PS DCV Li
27 DCV PS DCV 14
28 DCV PS DCV I I  4
29 DCV PS D~V 1 4

Power Suppl y Assemb 1~

1— 4 DCV Power Supplies DCV 0MM 13

5- 9 Squa re Pulse Gen DCV D!IM 13
Wav e

10— 1 4 DCV PS Current DMM 13

15 Square Pulse Gen Timing ,..ounter/Timuer 5
Wave

16—17 DCV Power Supplies Curren t DMM 5

1

0— 7

~ lL - -- _ _ _ _ _ _ _ _  - 
r
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TABLE 3(cONT)

~~~~~~~~~ LLLL~~~~~~~~~~ L~~Ai~~~
Pin

Test S t i m u l us Ins t ru Meas Meas Iristru Conn

1— 8 Sine Wave Pulse Gcn Spectru m Oscillosco ?c 18
Distort ion

Square Wave - Function Gen Counter /Timer

9-16 Sine Wave Function Gen Low Freq Oscilb osc o; e 18
Roll- off

1—3 Square Wave Pulse Ge-n Timing Counter/Timer 10

14—18 Sine Wave Function Ge-n Timing Counter/Tin ier 214
Osci I loscope

19—2 0 Di/C Power Supplies DVC DAM 5

Detector Bias Ne twork

1— 11 DCV Power Supplies DCV 01-111 21+

12—3 1 ACV Function Gen ACV 0MM 2~-+
Oscilloscope

M m .  Reso lvab le_ Tempe rature (MRT)

1 Temp IR Source Charac- Microp hotometer 9 —

ten sti cs

D-8
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- - - - -- -5 --  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- - --‘-, -~- - --‘— -•---- -5-- ----

TOTAL PIN CONNECTI ONS REQUIRED FOR EACH ASSEMBLY

Assembly Input Output Total
Pins Pins Pins

1 . Dete tor Bias Assembly 8 614 72

2. Preamp lifie r/tl ulti plexer Assembl y 71 24 95

3. Electrica l Scanner Assembly 9 9 18

14. Defl. Amp/H i V Multi/CRT/BET
Subassembly 2 + (64) 12

5. Power Supply Assembly 3 10 13

6. Preamp lifier and Multi p l exer
Assembly 17 1 18

- ‘ 
7. Log ic Board Assembly 7 17 214

8. Bias Board Assembl y 13 1 1 214

9. Mm . Resolvable Temperature (MRT) 8 1 9

0-9

- I r
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SANTA B A R B A R A  R E S E A R C H  CEN 1’ER

______________ A Subs idiary o/ ilug hes ,lirera/i Cm-rnipany

75 COROMAR DRIV E • GO IE T A CAl IfOR N IA

VOLUME 1 - FINAL PRODUCT ION PLA N

DETECTOR ASSEM BLiES AND CRYOSTAT ASSE MBLIES

ADVANCE PRODUCT I ON ENGINEER! NG MODEL
AN ITAS-3 INFRARED NIGHT V ISION SIGHT

Contract No. PBEC 09772
Pr ime Contrac t  No. D AA K O Z - 7 3 - C - 0 0 4 7

SBRC W /A 4625 - D r a g o n — A P E

for

Phili ps Br oadcas t  Equipment  C o rp or a t i o n
Gove rn me n t  Sy s t e m s  D i v i s i o n

- - One Phi l ips  Parkway
Montvale , New J er s e y  07645

I—

16 June 1975

Prepared by ~~~~~~~~~~~~~~ ~~~~~~~~~~ A pproved  by
W. I). Saur C. S. Taliman
Superv i sor , Project  Manager

Product ion  Eng i n e e r in g
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This is  ~~O1UInl’ 1 of thl - L-e v oillilles .

V o 1u t i ~~ _~ conta i  n~; the I’Ianning and

-
- 

Pr o c  edo re s fo i t h e  I )c I e CI or As s C m

bl y - Vo lui ne 3 cool l j  os the I ‘I a oft fl~

and I’i-oce dut-es for (he C ry c~s1 at

A s s e i n h l y .
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SE3RC

( ; O N  I ~- ;N I S

I ’t _~ U l ’OSI - - I

i i .  CO N F I G t ’  RA T 1 O~~ - I

UI. ~IANt 1I- -A c ru1n \(; PIA\ . - ‘

A. M an u i ~i c t u r i n ~ I?fl I)I~9flCflI.itI (I .

1 . ~\lajor FasI~s — Project N&’ i’ aurk  -
)

2. \Vork Statcnicnl - Requ ireiiient —~uI) 1 I1 i_ i rv  -~

13. Final Pi~O ( l U C t i O f l  Line T ) e s (  1 i  j ) t i U M  

1 . Ope ration Process (1~ t 

2 . M a n uf a c l u r i n i z  Setba k C h a r t  

3 . P r o d u c t i o n  Line  Layou t  

4. Pi lot  P r o d u c t i o n  Sp e c i a l  Toni  I ng a n d  r e s t  l (
~~U i  ~~fl IC!V - . I~

5 . P r o d u c t i o n  S p e cia l  T o o l i n g  and -r es t  Eq u i pi r e  iii 7

6. G o ver n m e n t  Owned  Sp~~u~~il  V o o ? i n g  a n d  I
- - Equi~)m en t  7

C. P r o d u c t i o n  N i e th o d s  and P l : t  n n i n i ~ 7

1. 1)etector  1’acka~~ 7

~~. Detector A r r a y  

3. Cryostat  8

D. Confi guration C o n t r o l  1

IV.  Q U A L I T Y  A S S U R A~~( -E  P LA N  

A. Documentation 1

B. Specia l  T o o l i ng  

C. S u p p o r tin g  R equ i  r em en i  s 10

A l  A C I I M E N I S .

A. Opc r a t i o n  Pr o cs s C h a r t  ~

B. M a n u f a c t u  r i n g  S e t bac k  C h I  r I

C. P r o d u c t i o n  Line l~a you t

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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SBRC~

C O N  -r i-~ N T  S (Coot )

A T T A CI  I M E N r s
D. I > i lot Product i on  Spe cia  I ~i ool i n g  111( 1 fe  st F q u i  pu - ent

E. P r o d u c t i o n  Specia l  T o o l i n g  an d  Tes t  Equi  p i i w n l

F. Cove r n m en t  O\vncd SpC’ ci i i  Tooling and Tes t  l- qu i  t ) l i i e ~~~

C. Vendor  T o o l in g

11. Conf i g u r a t i o n  \ la  n a g e n i - n t  P lan

1. A pp l icable Code 7 Q u a l i t y  T a s k s  Su i u i n a r y

J. M a nu f a c tu i -  log lode o t u r e d  P a r t s  Li st — Detect  or ASS c i u b l y

K. M a n u f a c t u r i n g  Indentured P ar t s  Li St  - C r y ost at  A s s en d l y

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  iv
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SBRC~ :

F I N A L  P R O I ) t I C T I O N  I~~L A N

I. PURI ’O S i

Th i s  1- i n i l  Product ion P l a n  i s  s ub m i t t e d  i n  r e s p o ns e  t o  ( I i ( ’  r e ( 1u i r e l n ( - y t s
for C o n t r a c t  L i ne  l t e n i  0 0 1 1  /A 0 0 ’~. T h i s  p l an , ~ -h e n  i r i i p l e i n c m t t * d , ~ i l l

- 

- 
e s t a b l i s h  a s i n gl e  sh i  ft p r o d u ct  ion c a p a b i l i t y  of ( 0  I ) r a  g un  I) t t cc l  o r  -\ s —

se rnb l i c  s and  1)r agon  ( r y o s t a t  As se n i b l i e  s r m on t  h .

T h i s  p r o d u c t i o n  p l a n  i s  i n t en d e d  t o  supplement t h e  i n i t i a l  p i l o t  p r o d u c t i o n
c a p a b i l i t y  w h i c h  w a s  e s t a b l i s h e d  f o r  20 Dcl - -t or  A s  se i nb ij e  S a n d  C r v o  -
s ta t  As  s en ib l ie  S pe r fl 100th Ofl a s i n g le s h i f t  ha  si  S a n d  L~ 5 per  m on t  h 011 1

double s h i f t  b a s i s .  The i n i t i a l  p i l o t  p r o d u c t i o n  c a p a h i l  i t i c s  a r e  dcsc  r i h e d
in the Pr e l i i u in a  ry  P r o d u c t  ion r~Itc n p r e v i o u s l y s u bm i t  t e d  u n d e r  ( oi i l  r . i
Line I t e m  O O l l / A 0 0 8 .

II. C O N F I G U R A T I O N

Thi s p r o d u c t i o n  p lan i s  based  on imp l e m e n t i n g  p r o d u c t i o n  c a p a l ) i  l i t  y fo r
the product  descr ibed as f o l l o w s :

[ D e t e c t o r  A s s e mb ly

D r a w in p s

S M — D —  770 3-1 ~!- D e t ect o i - , I n f r a r e d
SM-A-  64~~~0~~A A  l) et e c t o r  A r r a y ( U )

Speci f icat ions

C2a 2 3 0 2 - 0 1 0 1 1 0 1  (L-’c- I Cr i t ical  I t e m  Product  Fun lion
Speci f icat ion fo r  l)e t ec t o r

Cr y ost a t  A ssen~~jj~
D r a w i n g s  —

S M-D - 6 4 92 52A B  C r y o s t a t  A s s e m b l y

~j ~e c i f i c a t  ions

CZa 2 3 02 - 0 1 0 1  102 0 A -  1 C r i t i c a l  I tem P r o d u c t  F u n c t i o n
Spec if i  c a t i o n  for  C ry o s t  i t

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  1
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SBRC~

111. N - I A N t I I - ’A C T U R  I N C  PLA N

A . Ma t i u f _ i c t  u r i n _~~I uj 2j~-_n i e n t  a t i  on

1 . M a j o i l i s k s  — l’r o j e c -t  \ e tw o i - k ( 1 i i rl (l- i gu re i)

Ti l l s  c h a r t  Sl lo\V S t h e  ilia j o r  t~~~ k s  t o  he pe r f o r i r e d  i n  p r o \ - i d i e g
i i i a n u f a c t u r i n g  i i l i p l e m e l l t a t i n i i  f o r  t h e  I ) r - i i ~on p r o d u c t i o n  pro-
g r a i l l  i t  a i n a x i n l u i n  i -a te  of 0 i ) e t e -t o r  A s s e n i h l i e s  01d ( ry o - -
s ta t  A s s e n l I, l i e s  a m o n t h . i l i c -  c h a r t  a l s o  sl ows t h e  i n t o  r c ie  -

p e n d en cy  of e a c h  t a s k  t h a t  i s  r e q u i r e d  t o  ; i c c — o n i p l i  sh  t i l l S  1 r ~~ u .
Make o r  Buy  d e c - i s  i o n s  f o r  a d d i t i o n a l  t o o l i  ng r e q u i  i-e~ i i e n t  s t nd
f a c i l i t y  l a y o u t  d e c i s i o n s  ~v i 1 l  be d ep e n d e nt on the pa r t i c u l a r  c oil —
d i t i o n s  at t h e  t i i i i c  of c o n t r ac t  aw a r d .

2 . W o r k  SI atenient  R equl renlent Stiiflhlla rv

The f o l l o w i n g  series of items describe s t h e  ap p r o a c h  t o  be used
in  p r o v i ( l in g  t h e  n e c - e s  sary manufacturin g in lp l cn l e n t a t i o n , an n
d e t a i l s  t h e  f o r m a t  t h a t  h a s  been  u sed  to p rovide t h e  necessary
i n f o r m a t i o n .  T h i s  i n f o r m a ti o n  fol lo~ s t i l e  o u t l i n e  e s t a b l i s h e d
in the contract w o r k  s t a t e me n t  r e q u i r e m e n t s .

a . P r o d u c t i o n  E n g i n ee  r i n g ~ D e si gn

S BR C  r e v i e w ed  the d l c s i g : - i f o r  til e l ) r a g on  D e t e c t o r  A s s e~ r --
bl y and the  Cr~— o s t a t  A s s e m b l y and i n .  o r p o r a t e d  t h e  d l 1~~t e 5
n e c e s s a r y  to  make  t h e n - i p roc iuc  ib le  it  (‘10 S. Tile d e si  im
c h a n g e s  have  been  d o c u me n t e d  on t h e  d r a w i n g s  a n d  S p e c i -
f i c a t i o n s  s ub n i i t t c c l  un d e r  C o n t r a c t  I 5 i n c  I t e m  001 1 / — \ 0 1  ~- . A

d i s c u s s i o n  of ti le d e s i g n  c h a n g e s  i o a v  be fou nd in  t h e  1 - i n a l
T e c h n i c a l  R e p o r t , C a n t  r a c t  L i n e  I t ( - l n  00 1 1 /A014.

b. Li st of C o mp o n e n t  P ar t s  an d  N l a t e r i a l s

M a n u f a c t u r i n g  p l a n n i n g  sh e e t s hav - bec ’n p r e p a r e d  t o  d c  -

s c r i b e  all tile c o mp o n e n t  p a r t s  and m a t e r i a l s  u s e d  t o  f a b  —

r i c a t e  t h e  d e t e c t o r  assc ’n- ih l y and c r y o s ta t  a s s e m b ly .  T h e s e
m a n u f a c t u r i ng  p l a n n i n g  s h e e t s , i n c l u d i n g  a l i s t  of c o m p o n e n t
pa rt s , a re  a r r a n g e d  so t h a t  t h e y  f a c i l i t a t e  t i le  r e l e a s e  of
W o r k  0 rcle i-s t ha t  w i l l  i)e u sed  00 til e p r o du  c- t i  on p r o gr a  111 .
‘1’ he ma nuf a  ct u r i n g  p lan  ii i  ii g slice ! s il la  y b .  f o u n d  in  V ol u i i i e  5
2 and 3 .

c. M a k e  or  B u y  J ) e t e r l i l i n a f i  oil s

SBi( C h a s  r e v iew e d  Cac ii part u Sed  on t h i  i s  p r og  r a  i i i  to ( IC —

te ri n i n e  whe t  he  i- t h e  ii e ins  s hou 1( 1 be t i i a d  e at  S BR C or
p u r c h a s e d  f i - o i i i  a supp l e  r - N iti  on f - i  t t i n  ng P i t  n n i  og and
Supp l i e r  P l a n n i n g  have been prei)a r -d  for e a ( - h i  of t h e se

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  2
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SBRC~
i t e i i i s .  1 l ie  i t e m s  ~ - i t l i  M ; t n u f a . t u r in g  P l i ! i i i i l l L -  a r e  eon -
s i de  r ed  n e t  ke  it  e u  is t i n i  pa u t  s w i t h  S~ pp 1 i e  r I ~l a m an  g a r e
cons i d ’  ‘ e u  buy  i i  c i i i  ( Oi lS  oh id ~~t o c t  p i  i - I  H a t  s \V i l l  c l i  i i i  -

d ude  t h e  m a k e  o r  I u i i v  d e c i s i o n  f o r  c - u  c i )  p a r t  m a y  he f o i u ~id
in At t i c  lin ient s j  and i-~ -

d . I a - a d  T i m e  l ) c - t c - r u n i u i a t i o i - i

E a c h  i t e m  i n  t h i s  p r o g r a m  h i s  1) 000 m - e v i u - \ \ e d  t o  d e t e r i n i ~ ie
he l e a d  t i inc u i e c  0 a so ry  t o  p r o d  u l e e  I l ie  i t  em n om -  t o  b uy  I he

i t e m  if  i t  i s  a ~ici r c I i i s e d  p a r t . T h i s  i n f o r m a t i o n  i s  s u n~-
n i a r i z e d  on Ha-  M a n c u f i c t u r i n ~ l ’ I i n n i n g  o r  Su p p l i e r  P h t a n i n g
d o c u m e nt s and  i s  a l s o  c o n t a i n e d  ni t h e  \ t - i i n i f i c t u r i n g  Set-
ha c-k Cl-ia i - I  (A t t a  c l i i n e n t  B ) .

e . P r o d u c t i o n  ~~e t h o c l s  and P r o  esses

S B R C  h a s  c l e \ - e l op e d  t h e  p r o d l u c t i o u l  methods , s eq u e n c e  of
r n a n u f a c t t i i - e , p r o c e s s e s  and comp let e  docume~- tati on of l h e
m a nu fa -t ii r i n g  m e t h o d s  f o r  a ll  t h e  p a r t  usc -cl  on t h e  1)r a  -_ to
D e t e c t o r  A s s emb l y and  C r y o s t : i t  A s s e m b ly .  T h i s  i n f o l - l O d  —

t i  on i s  d o c u m en t e d  on t ile M a n u fa c t u r  j o g  Pla eni  o g .  ~ up H i c r
P l a n n i n g ,  M a n u f a c t u r i ng  P r o c edu i - e  s , S t a n d a r d  M a n u f ~i e tu  r —

in g  Pr o c e ch ir e s  a n d  M a n u f a c t u r i n g  P u r c h a se  D o se  ci ;a on s .
T h i s  information has  b t - e m l  u r e n a r e c i  a n d  i-~~ l u ’~~ ’~er ~ u ’ ~ TU ~~C
a n d  is  c o n si d e re d  a 3iecc ~ssa r)- i~ -i~~ of t h e  1 l;ae ~i J a c t u r n . ~
i m p l e m e n t a t i on  f o r  t h i s  p rograun . The d e t a i l e d  M a n i i t
t u  r i n g  P r o c -ed nr c  s l i l a y be found  i n  V o l u m n e  s ~! - i  ~ d ~ -

Production Plan

Thi s Fiiual Production Plan d e s c r i b e S  the items of i l l i p i e  -

n ien t at i o n  t hat have b e e n  p r e p a r e d  1 - 0 p r o v i d e  t h e  pil ot pr o -
d u c t i o n  c a p a b i l i t y  d e s c r i b e d  in  t h e  P r e l i m i n a ry  P r o d i i c~ i on
P lan . T h i s  b a s i c  p i l o t  p r o d u c t i o n  c a p a b i l i t y  c - in  C L I S I I V  ad ,
i n c r e a s e d  to  ti le s i n g le  sh i  ft p r o d u c t  ion  c a p a b i l i t y  f o r  (~()
Dete  c tor  As  se rnbl i  e 5 a 11(1 Cr y o s t at  A s s  e n - i b l  i e s a mon t  11 b y
p r o v i d i n g  the  a d c h i t i  ona l t o o l s  a n d  i i i  Ip i em e u l t a t i  on des  c r 1  bed
he r e i n .

g. P r o d u c t  i - a n  L ine  Y i e l d s  a n d  R e ’~ (0- 1-~ 1 ‘ rc~ -c ’ ( i ( i r e s

All  t h e  i n u n u  fa c tu  ri  11 g O1IC rat i OTI S u se  ci on t h i s  p r o g  r .-cni ~ u v e
l)CCn re v i e  wed a mi d I lie y i ci d fo i ( ‘ t ( I i  O I ) C  i -  i i i  omi h a s  b ee  i i

( - s t i u i i a t e ( I .  T h i s  i n f o r m a t i o n  u i t a y  he f o u n d  i n  A t !  -i e b l u l l i - I t S
- 

- J a n d  1< u n d e r  t h e  c o l u m n  t i t l e d  A t t r i t i o n  i - a c t o r . ‘ ‘  1- ~c~~- or k
p r o c e d ur e s  a r c -  in ( - d ) r l ) ) m - u t c ( i  i s  p i n t  of t h e  h l i u i i i f u c  t u m — i n g

- I P r o c e d u re s  c o n t a i n e d  i n  V o l um e s  ~ a n d  ~ .
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Ii - l- st a  l i i i  s Ii I l w  i i i  c l i i i  m u i , i n t

A u  i i t i t i i l  1 i t o d t u i t i i n i  u p t h u l u t v  u i l e e t i m i g  t h e  p i l o t  p r d i u i t i o m u
ru ’q u m ir e mnemi t l ; of ~ () u n i t s  l i e n  m o nt h on a s i n g le  s h i f t  h i s i s

- i m u d  35 on it pc - i- m u  i o m u t  i i  or  I a don  h I  e i - ib m ft ha s i s  ii ~i -i I o- - m i  u - s

t t I ) h i S h l e ( l  ~i s  p am - I of t i n s :\ dv ~t m o ~e l ’ r c i < i i i c t  I-an I- ron u u t ’ c - n i u i g
p V u ) 1~V - t i T u . i b i s  a p i h i l i t ~ i s  r 1 - s c i - i h n ’ i l  i n  t h e  lb - u - l u m u n m n - t r v

1~ ro i l  to t I on I ‘h i m i  - u n d  m ii c i  cud e s  I he  t o o l  i i i  g an d  eq i i i  pm o e ni d e
sc  r i b  i -cl m i  i At I ac l~~r c u - i t  I ) .

l- t h r u c u t i - n l  of  - \ d v u n u e P r ud ~i c t i u u i  I - r q i m - - u r i n q _ ( - \ }~~l - )

N I is - 1 ~;

tt 0 v i i i  cIa t~~o 1 U mi i t  5 a m i i i  t wo A P i~ u iii t a h i  ye  1) eu ii f - t b  i j  c - t i c  (I

ut i i i  z i m i t h c  p r o d  tic I lou l or  et i n o c i s , t 00 l i l i  a r i ch c c j  c i i  ~ t i 1  en t 1 h a t
wi  y e  c r o t t e d  f o u -  t i n t - A d I v u l i c  - P i - o c l u ct  i on  E n u n  n ee  in n g  O r c  -

g r a n t . A l l  t h e  open l i o n s  h a v e  l ) e C I l  v . n h i d - i t e d  m d i  - i r e  c o n —
s id - u - e d  r e i d y f o u —  t h e  pr o d ~n i l i o n  P r - a l -  t i m .

j .  Pi- od c m c t  1 ( 1 1 1  Di- ui v ings

A c o m p le t e  se t  of e n g i n e e r i n g  d i - u w i n g s , Spe i f i c d i i o f l 5 ,

— a n d  a n  A s s e m bl y C on f i gu m - a t i o u n  L i s t  w h i c h  a d e q c u tt  e l \  de -

s - r i b c s  t h e  pi - od u c t  I - i  he p r o d u e - c l  h a s  b e e n  r e l a u  sed and

p rovide s t h e  c o n f i g u r a t i o n  i d e u i t . i f i e a t i o n  f o r  t h e  A P I  i m i o c i e l s

that were p r c ) C P I (  ed w i d e r  t h i  s cont  r~ c i - j h c ’ S I ’ ( t O  c i i !
h ave  b c - e n  subn iittecl as  a se -p c  r a t e  d a t a  i t c - m n  ( C h 1  ( 1 1 ) 1 1  !A~ l l ~~ ) .

k . En g i n e e n i  n j ~ 1) r a ~v i n  f o r  Sp e c i a l  T o o l i n g  a n d
I c  at Eguu p

~-i~aL
A l l  t i l t s t o o l s  u s c - c l  t o  f a b r i c - a t e  t h e  -\PE  m o d e l s  i r e  d e s c r i b e - u !

on E n g i n e e r i ng  D i - i w i n g s  w h i c h  h av e  b e e n  s -i i h m u i i t t e c l  u n d e m -  - -i

s e p a r a t e  d a t a  i t c - m i n  t h i s c o n t r a c t  ( C L I  ( 1011  / - \ 0 0 i ~ ) . l e s t

equ i  p i nen t  d i - a w i  n as  len Ve b e en  s u b n n i  I t  ed to  sli ow t h e  c o n f i  i -u  —

r a t i o n  of t h e  S A lE  ‘lest  ~~u~ t w h i c h  i s  f u n d e d  under t h i s  p m o -
g r a i n  (CLI  00 1 h / - \ t ) 1  11)

Sp e c- i  ~il  r ( )ol  ~~~~~~ i n ch  Fe - at lequ u pn ent

A co i i p l e t e  s c - I  of t o o l i n g  m i l d ]  t e s t  set e q t i i p m n e n t  i - i _ i s  h o e - u )  f i l l ) —

nj e a t c d  t o  c a r r y  ocit t h e  p i l o t  p r o d u c t  or - i  oh q - c t i v c -s  d u ~sc r u h - a - d

i n  t h e  P r u - l i m i r i n i r y  P r o d u c t i o n  P l a n .  A t l ; u c-he c i  u s  a l i s t  of

- ~ pci - i  o h  I c m l  iii g ;u ccl  test e q u m  p u i t - n t  t l i~I l  h i  s h e e l )  fa b r i  e l I

f o r  u se  on t h i s  ~~~~~~~~~ ( \ t l a c h i m u i e u i t  I ) ) .  SBl~ L i l s o  r e d l i u u  i-es

t h e  t m a u  of the  ( ha~-e rm iin e mn t Oic-m ied T o o l i n g  a mi d  I e a t  Eq u i p —
m ont  cl t ’ st  r i i ) e i l  i i i  A t t ~ i c h i u i e ’ i i 1  i oil a r e m i t  f r i - i - , i i o i n i nl t’ m-
Ic i - r n  c ( -  1 ) 1  S I S .  1 l ie  IIC t i c -a l i s t s s u n  in  i n  i y t~ a 001 1) 1 i ’ I t -  l i s t

of I l i u  i n  — h oc i s  m ’ sp e c  ia  I t o o l  i i i  g a m i d t e a t  e qun  i p u i i e ’n t  l e e  -~ ; s t  i v
to c a  r r y  ou t  t l u t ’  p i l o t  p i - o d m i c t  lOl l  1) l ~ 0g T I i ~~~, c’~c e p t  t h i t  S I t 1 ~ ( 

-
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o w u i e c i  t o o l s  a r e  mlot i m i t - h c u u i i - d  i m u  liii- l i s t, l i s t s of Sh~ l~C
ou ii u l t u , o J  l u g  i ) e m O l S  u m i a y  1) 1 ’ f u u m m i d  i i i  I in  N l u n i t f n c t  o m r 1  ng  I b - o —
e t u t u  i-es  i n  \ - a t  t i m  n e s  ~ a m u c h  ~ - \ t t - i u  br i m emit ( I i  ~ t s t hi-  y e  m i d o  r

I cml i n g  f~i I ) t ~m u  a t i - i l  f ( 1 i  f I n c -  A P i c o m i t  ra c - I  -

B . l - i m m i h l ’ t- i b i s t i o u i  I i ni lu t i on

S B H C l i t  s c- i - i t o  h i  i s h e d  I i t t ’ Ii I i~t P m- o i lu  c - I  I O i l  I i  r e  I- eq iii  in- I fo i  t h e  A ( 1 -

‘. a n c e I ° m - o d t i c - t  i on  l- mog i mn- u - i u n g  c - a n t  r~u c t  - T h c -  f o h l o \ c - u m n L ~ I u i f c r r i - i t  i o n

su m m i m n a  i - i  zc - s ii mn~I ( Ic- s t r i b e s t h e  has i i  concc ’ Pt fo  i t i n s  i m i m  1110 m e  ru I i  on

I~1 an -

- ~~j~e r~i l  i on  P r o c e s s  C h i n  rI ( A t t a c l u n e n i  A)

Th i s  c l i i r t  i m i d i c -a t c - s t I n e  ii na n u f ac t u r i  n g  a n d  i r r s p c -  ct I on ope ra  I i  on
secjuc-nee f o r  t h e  a s s e m b l y of i l ~e D r a a o i i  l ) e t e c l  or  Assembl e m d

the  i)r ~u u ~on C i-y o s t a t  A s s  c ! inh l y - The  f l o w  c-ha  r t  a l s o  s h o w s  I hc-
f l o w  of p a i- t s  f o r  a l l  pu r  c-ha so - i l  ari d u n n a n u f a c- t u  r ed  i t c - m n s .  Op er a  —

t ion n u m n b e  n - s  n - i a y  be found on t i n e  ~‘sl a r i c i f a  c t u  u - j u l  g l ’lannin  g rh o c - u —

nient s g i v e n  i i i  Vo l  u n ie s  ~ and  3.

2 . Manu facturinc~ Setback C h a r t  ( A t t a c h m e n t  B)

This c i l amt is in tem ich ech to shioci - t h e  c r i t i c a l  pa th  r e l a t i o n s h i p a n d
the ti m e sr-qoeocr- r] e v, - n i  I l l i f  are flo e-sc v to n r c m d u -o t h i s
p r o d u c t  in  a c c o r c l c n c  c- w i t h  t i - i c -  p i - e c i c t e  r m n i  n o d  s - i i e du l  e. I t  i s
a l so  in t en c i c- cI t h a t  t h i s  c h a r t  ‘a i l l  be t i n e  b a s i s  f o r  a l i n - - — o f — b a l a n c e

i-h a r t  t h a t  carl  be  m i s c - c l  to  c o m i t  r ol  t i u c  p r o d u c t i o n  p r o g r i m n . Set —

b a c k  i i n n e s  a r e  g i v e m i  oun ftc- M a n u f a c t u r i n g  P l a n n i n g  d o c - u m m - i e n l t  S 
—

f o u n d  i n  V o l u n n e~ ~ and  3.

3. Product inn line 1 a -v ou l  ( A l l  a c - h i n e n t  C)

T h i s  li  n - ic-  l ay out: d e f i ne s  t I n e  pu i m n i m y  it u e a  s I led ~ - i l  I be u s e d  f o r
the P r o c lu c t i  on 1-~r og  r a in  defined - (Son ic  a u x i l i a r y  suppo  m t  l u n g
a r e a s  c - o u i i p r i s i n g  g e n e r a l  r e ese  m l i l r i c m f u c t u n i r i L I  f a c i l i t i e s  ~u r e

not shown ; i . e . ,  PbSc detector depcm Sit ic )n , p m- t 1 o1 r~~tion , ;nnd

p hotoe tc l i  f a c i l i t i e s .  ) T h i s  l u v o u t  a )  so r h - s c  n bc -s  I l i t -  f a c  i i t  n t - i :
iifl(I equip mncn t that wi ll he alloc - iti ed I i  thi s i ) r o ( i t m c t n o m  - o n r u n .
T h e  g e m i e r ~u l  w o r k  a r e a s  u i - c- sh o w m i  in  A i i . u c  h u u r - m ~ t C. T l n i r ;  L iv
out i i i c l t i ~b c~ ~n- o c c - a s i n g  a m i d  i s i - i u - i n f u l y  t m _ I _ _ i s  s o t h i e s  I t o  c i l u m n - L - o -

a t  t i - i c  t i n - i c  of c o n t  r a c t  a wn  r ( I .

4 , P i l o t  P r o i l i u - t i o n  Sp e c i a l  i’ooh nj~~ o n m I  I e st  i q i u i ~~m u i r e m n t

(A t t  a c h u i i e m i t  I ) )

T h i s  l i s t  s u m m u u n u n i z e s  t u e  i t e m s of s ) m e  o h  t o i l i n g  t i n ]  t o ’ s t  u - q u i p -

uiien t t h a t  we m - m - fa h u — i c - i t e d  on t i m e  l ) m - 1 - i n - \ l ’ b -  ) ) i o i ! r u n r i  .111 ( 1  i r e
r e q u i  i e(h fo r  u s e  On i n i t i a l  h u r o d t u i c t  i o n  p m - o g r u m n s . A d d i t i n m i a l
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l i s t s  of s t a n d a r d  t o ol s  a m - i d  equi p i i l en t  a r e  g i v e n  in the  M a n u f - u c  —

l ur i n g  P r o c e d u r e s  c-ont a m e d  in  V o l u m m i e  s .~ uid 3.

5. Produ -t ion  Sp e c i a l  T o o l i n g  a n d  T e s t  01 p m n c n t  ( A t I  a h m i i e n t  I - )

Thi s l i s t  i d e n t i f i e s  t h e  spe c- ial tooling ~i mi d l e s t  equi  p m o i - n t  th u u t  I s
n e c e s s a r y  t o  in c r e a s e  t h e  p r o d u c t i on  i- a t e  c a p a b i l i t y  f r o m  t h e

- 
- p i lo t  p r o du c t  ion  sl it us I 0 t h e  p r o d u c t i o n  r a t e  c a p a b i l i t y  of ~ U

D r a g o n  l) c te  c - t o n  A s s  e i -iub [i es and C r y o s ta t  As s en - i N  l i e s  p e r  ri m o n t  hi .

6 . Govern mn ien t Own ~j j~~- e i a I  T o o l i n g  and Test  f~qu i p m n e - n t
(Attach minon t F)

This  l i s t  c o n t a i n s  all the  g o v e r n m e n t  owned  s p e c i al  t o o l i n g  and
t e s t  equi pment t h a i  i s  r e q u i r e d  on a r e n t  f r e e , n o m n i n t e m - f e r e r i c e
b a s i s  f o r  the p f lo t  p r o d u c t i o n  or p r o d u c t i o n  p r o g r am s .

C. P r o d u c t i o n  M e t h o d s ari d P l an n u i ~~

The f o l l o w i n g  is a v e r y  g e n e r a l  d i s c u s s i on  of m et h o d s  and I oce~~s es
that  have b e e n  deve loped  t o  f a b r i c a t e  and a s s e m b l e  the d e t e c t o r  pack-

age , d e t e c t o r  a r r a y  and c r y o s taL  D e t a i l e d  d o c u m e nt a t i o n  of  t h e
methods and p r o c e s s e s  is g iven in Volumes 2 and 3.

I .  De t ec to r  Packatz e

The de t ec to r  package  c o n s i s t s of a l i n e a r  a r r a y  of 64 photocon-
d u c t i v e  PbSe e l eme n t s  p a c k a g e d  in  a g l a s s / m e t a l  d c w a r . The
dewar  c o n s i s t s  of t h r e e  major s u b a s s e m bl ie s  w h i c h  a re :  t h e
Window Sec t ion , the r a d i a l  fc c d t h  r o u g h  or S u n b u r s t  A s s e m bl y ,
and the Stemn A s s e m b ly.

The Window Sect iom is  m a n uf a c t u r e d  by f i r s t  b e a d i n g  a m e t a l
f l ange  wi th  a g lass  whose  c o e f f i c i e n t  of exp a n s i o n  n e a r l y m a t c h e s
tha t  of the  me ta l .  A piece of g l ass  t u b i n g  w i t h  a si i g lil l y d i f f e r  -

em-it c o e f f i c i e n t  of ex p an s i o n  is  t h e n  a t t a c h e d  t o  the  g l a s s  on t in e
f lange . These  o p e r a t i o n s  a re  pe r formed u s in g  s p e c i a l  h o l d i n g
f i x t u r e s  and stand a rd glass  la the  equi pm e nt .  To t h i s  a s s e m bl y,
the sapph i r e  wiridoiv is  a t ta ch e d  by h e a t i n g  t h e  a s sem b l y on a
f i x t u r e  n - t oum mted  in  an RF  G e n e r a t o r  coi l . The t u b u l a t i o n  is t he n
added t o  the  s ide of t he  W i n d o w  Sec t ion  f o r  u s e  in i c I e r  evacu-i-
t ion of the  D e w a r  De tec to r  A s s e m bl y.  F i n a l l y a n  e v a p o r at e d
a l u m i n u m  c o a t i n g  is app l ied  to  the  ins~ dr  wa l l s  of I l-i c \ V i n d ow
Section.

The r a d i a l  f ce d th r o u g h or  Sunburs t  A s s e m b l y is  i u i a n u f a c t u r e d
by f i r s t  b ead ing  t w o  f l a n g e s  w i t h  g l a s s . These  g l a s s  beade d
f l anges  a long wi t h - i  m e t a l  p i n s  a re  mounted in a c a r  In un  mold .
The pa r t s  a r e  t h e n  fused  toge the r by m e a n s  of induc t  ion  h e a t i m i g
in an R F  G e n e r a t o r  coil .
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Ti me St e m m i  A s s c ’ m u i h i v  c u m  5 n-i l s of - t i - i n s  h n - u d e d  n m e t a i  f i  u n g e  In

w h i i i i  a p r e c i s i o n  ] ) 0 i ( - g l a s s  t u h i e  n s  i t t i c h c - d . - r ime g l a s s  t u b -

i s  s t m l ) s e c ) c m O i l t l y S u -  a l e d  o i l  a t  ( l i n e  u - i - i d  a m i d  c - i — c u t i m n c i  t o  I i  g l u t  b i e r —

ru nt - en m i s i  ug  u f i  i i i  (li t m m i i  u i d  g r i  in tl m ni i~ ~k i )  u - c - I  - I n  p r o v i d e  c c i u id i u c  —

t i v c -  l e ad s  fi - omi: t I n e  l ) e t e L t u u r  A r r - u v , w h i c h  i s  m n o i i m i l e d  om i t  ( 1 t i e

closed c -nd  of t h e  S i c - n i  - \ s s u - m n i t l \ ,  s d m t - n’ p~u i n t  1 :-; s p m - t y e t i  o i : 1 O

t h e  t u b e  arid ] fc i s - u l  t o  I m e  ~l n  ss l iv  hea t  i l i g  i i i  i n  o’s e i i . The  p -u  mi t

i s  t h e n  e o v c - r e c l  w i t l n  n m n r t s k i t - i g  m u m u l e r i t i .  l i n e  m i a s k i n i c -  u n i i t c - r i : u I

i s  s c r i h u -d i h n r o i m n h i  t o  u l i o w  an e tc l nim i~ s o l u t i o n  t~~ n - e n ’~~ve s i t v c - r

p a i n t  i n  t h o s e  u n c - a s .  T u e  u - i - i a  ski nt~ n u r i t c u n u l  i s  t h e n  r e m - i - i o v e d

l e a v i n g  t i n -  d e l t m e : u t i ’c h sI u - i  pt p a t t e  nfl .

The D e t e c t o r  A s s em b l y i s  i s s e n m i b l e d  b y f i r s t  h e l l - i n c  I t u n g s t c - n

i n e r t  i~as it  m n i o s p he  r i )  ‘a o l d i  n~ t I n -  S t c - m n  A s s o m n i b l y fl~m e i -  t o  c-ne
of t h e  Sunbu  r st As Sc uiili l v f l i m n  r i c -  At t lii s i - ion  mi t  , ‘a-i re c o n n i e  e —

t i o n s  arc-  n i a~ h o f r o m - i - i  t h n c -  S c m u i h u r s t  p i n s  t o  t h e  ~ t m ~n n  - \ s s c - u u h l v

s i l v e r  s t r i pes. N e x t , t h e  I ) o t c- c t o r  A r m - a i s  irn o n n t e d  on t h e  end

of the  S t e i n  .-\ s s e i u ~b l v  a n d  an o t h e r se t  of ‘a i r c - c ou n w c t i o f l s  i s

made .  Follo ’a- i n g  the  a t t a e h n i i c - n t  of t h c- D e t e c t o r  A r r a y  w i r e s

to t he  S te i n  A s s e mb l y si l ve r s t r I p e s , t h e  PU te r i h o l d e r  i s
a t t a c h e d . For  f i n a l  a s s  c- n i h l y c o n s i  ci cr a t  ion s , t h e  F i l l  en  I b i de  r
is  o r i e n t e d  v e r y  p r e c i s e l y t o  t h e  l ) e l e c t o r  ~‘\ r r a y .  Ti- ic  F i l t e r
i s  t h e n  m o u n t e d  to  t h c -  F ’i 1t~~r H o l d e r . A f t e r  t i n e  I ) e t e c t o r  A s s e m i i —

bl y i s  t e s t e d , th &-  Vu i n d o~v Sc ct  i o n i s  1-n e l i a  r c We icleci to t u e  Sun -

b u r s t  A s s e m i i b h y l- ’l a m i y . e - . I h o  l) c t c c - t n r  A s c e n~~1 v s  t t i en  p ! . l c e( i

on a v a c uu m  s y s t e m e i , vac-uuni l ) ak ec l , b a r i u m  g e t t e r  f i r e d , a n d

ti- ic t u b u la t  io u - n i s  s e a l e d  o f f ,  b o n d i ng  ti -ic - m o u n t  in i g  f la  n ge , pot —

t i n g  t h e  i-adi  ii f c e d t h  t o u g hs , and pa i nt i n i g  c O r m i p ) e tc  t i - i c  i s  S c - m i l l ) ]  \

ope r a t i o ns .

2. D e t e c t o r  A u ~~~~~

To f a b r i c a t e  t h e  n-I  — o l e m i eu i )  l i m i c a r  I ) c t e c t n r  A r i - a \ - , b a s i c  un u n U —

f a c t un i n g  p r o c e s s  J ) r o c e d i i r e s  us -d on o t h e r  m e m n u f i c t u n i n g  p r o —
g r a un s  an - c usc -cl . T h e s e  ste  ps i nc l u d e  s ub st  i-at e p r e p a r a t i o n ,
c h e m i c a l  dlei)os~ l i o n  of i ‘h - iSo f i l m , d c - I i n e a t i o r u  of t h e  a r ra y o l e

n e n t s  u s i n g  ph o t o l i t  boy .  r i  ph mc t e e  i n u i i q u c - s , f i l m - i - i  Sen s i t i  z i t r o m n ,
v a c u u m n d ep o s i l i o n  of m e t a l  c ’h e c -l r o des  t o l l - i c  c h e l c e t o r  n l e m u -n t s ,
and b o n d i m i g  l e a d  w i r e s  t o  t h e  c - l e c t  r ode  pads .  -F h e s e  ; m r r i v s  i r e
t e stc ( l  in t e s t  d c -w a r s  p r i o r  t o  m o un t i n g  omu S t e i n  A s s e mb l i e s

3. C r y o s t a t

The d e n i - u  nd f l o w  C r y ost  it u so il  in t h e  T )r , i  m~on I ) c - t c - c t o r  A sse  m u —
b l y is m d - n y  s i m u i i l ~t r  t o  O ne  t i m i t  ‘a r t S p i - odu c e d  i i i  p r o ( i u c  l i o n  q u - u m u —
t i t l e s  a t  Sl3i~ C fo r  a n o t h e r  0 1) 1) 1 i - at iom i . l i - i  f~i c l , so m e of t h e
c o n i p o m u e m i t  s u m h a s s e m n b h i e s  s r  0 n d c n t i c u I . Tin s u l l o w s  m i i ; u m i u f i u —
L u r e  of t in ’  D r a g o n  s h u - m i n id f l o w  C r y o s t - t I  w i t h  ~ m m u i m u i m n : u m m m  ~ f

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  8
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spe cial tooling. Extensive use is ma(Ic  of SBRC and  G o v er m - i m c nt
owned sp e c - i a i  t o o l i n g .  E x c e p t  for t i m e  gas  l i n e  F i l t er  A s s e m m - i b l v ,
all C r y  os t a t  A s s e m n b l y 01)0 r a t  j oin s ~s r e  PC r f o r  inc d at  SR l~ C. l b - i c
F i lt e r  A s s e ni h  b y i s  a su b c o m t r acte cl  p ar t  to a s u p p l i e r  h a v i n g
f u r n a c e  b r a z i n g  c a p a b i l i t y .  T h i s  a l l o w s  a low cos t  F i l ter  As-
s e n mb l y with mci i ni iiuum risk of co nt an s i  n a t i o n .

D. Conf i g u r a t i o n  ConI r o l

The  c o n f i g u r a t i o n  u - o n t r o l  is  o h t a i n e d  by t h e  A s s e m b l y C o n f i g ‘r a t i o n
Li st (ACL), Mancm faeturi mug P l a nn i  rig and N i a n u f a c- t u n i n g  P r o c e d u r e s .
The A C L  is  an-i i n d e n t u re d  d r i v i n g  l i s t  t h a t  i n c l u d e s  d r a w i m g r e v i s i o n
l e t t e r s  of a l l  s uh a s s e m n b l i e s  and p a r t s  to t - e f l e et  t he  c u r r e n t  s ta t u s  of
r e l e a s e d  d r a w i n u ~s. For each m a n u f a c t u r e d  pa rt , a M a n u f a c t u r i n g
P l a n n i n g  d o c u m e n t  a n d  a F a b r i c a t i o n / A s s emb l y R e c o r d  f o r m - i - s a r e
i s s u e d  w i t h  t h e  w o r k  o r d e r .  The M a n u fa c t u r i ng  Planning clocc mm incn t

c a r r i e s  the  c u r r e n t  r e v i s i o n  l e t t e r  of the  a p p l i c a b l e  e n g i n e e r i n g
d r a w i n g ,  and l i s t s  t i - i c  s e q u e m ce of o p e r a t i o m i s w i t h  op e r a t i o n  n u m b e r s
and tine r e s p o n s i b l e  pe r f o rm i n g  d e p a r t u n n e n t .  Each ope r a t i o n  n u m b e r
is en te red  on t h e  F a b r i c a t i o n /A s s e m b ly R e c o r d  ( As s e m b l y H i s t o r y
R e c o r d )  when p e r f o r m e d  am -nd i n i t i a l e d  b y ti -n e o p e r a t o r  or i n s p e c t o r
as a p p r o p r i a t e. Each  o p e r a t i o n  is  con t ro l l ed  b y a m a n u f a c t u r i n g  or
inspec t ion  p r o c e d u r e .  M a n u f a c t u r i n g  P l a n n i n g  and  P r o c e d u r e  docu-
ment s a r c  c o n t r o l l e d)  b y t h e  P r o d u c t i o n  Eng i n e e r i n g  Sec t ion .  P r i o r
to r e l e a s e  of Lhe~~ii ci o c u u u s e x i i s , si g i t u tu i e u p p i o v a i  i a  u b L d i i u ~~~ ii O i ñ

the  Eng in e e r i n g ,  Qua l i t y  A s s u r a n c e, and M a n u f a c t u r i n g  P r o j e c t
r ep r e s e n t a t i v e s .  A C o n f i g u r a t i o n  M a n a g e m e n t  Plan is given in
A t t a c h m e n t  I I .

IV . QUALITY A S S URA N C E  PLAN

A. Documentation

The Q u a l i t y  A s s u r a n c e  P r o c e d u r e s  and In s p e c t i o n  I n s t r u c t i o n s  have
been p repa red  to suppor t  tine m a n u f a c t u r i n g  and i n s p e c t i o n  s e q u e n c e
flow described herein . The Quality Assuram -ice Procedures and  In-
spectic~n I n s t r u c t i o n s  a r e  c o n t a i n e d  in  Volumes  ~ and  3.

B. Specia l  Tool ing

All the  spec ia l  i n s p e c t i o n  t oo l s  and f i x t u r e s  of t he  t y p e  n e c e s s a r y  t o
suppor t  a p r o d u c t i o n  r a t e  of up to  60 u n i t s  per  m o n t h h a v e  been b c i i l t
and checked out . This tooling a n d  t h e  o p e r a t i o n  or  i t e m  f o r  w h i c h
it is u sed  a r e  i n c l u d e d  in  A t t a c h m e nt D.

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  9 
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(:. ‘-u~~~j t - t i i t ~~ R e ’ 1 m u n r i - m u m e n t s

I l i t -  ( - s t t I ) 1j s h 1 ( ’ ( I  S1U(C oj)e r i t i m i g  p r o c e du r e s  and  t a s k s  n u j ) p l i c r m h l e  t o
lii g hi r u t  e p r o d u ct  t o r i  p r o g r a m m u s  a r e  i n c lu d e d  as A t t a c -h n i e n t  1 . Q u a l i t y
A s s m i r t m u c  0 h~ i~ i t t i c  i ’S  approved b y t h e  l ) i r e c t or , Q u a l i t y  A s s s m r r i n c -e ,
p r o i i i uul g u t e t h i t ’  p o l i c i e s  g ov i - r u i n g  a l l  o p e r a t i o n s  a f f e c t i n g  prod uct
ij i m - l i t  u, —

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  10

~ 

~~~~~~~~~~~ - - —~----- --



__________ — — -— - —--~~~~,-- -,~~~~~~~~~~~ ——~.--- -~~-_ -

- SBRC~:

Attachment A

O P E R A T I O N  P R O C E S S  C H A R T S

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  

—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~-— —-——-~ - - —- - A



— —,--— — —-~~ -— — -~~ - —--—- ——--— --‘-----~~ — 
—‘- -- ——~~~~- — .—.-‘—----- ‘— —-——-- —-----—.—— —

_ _ _ _  - - - )

U.- -

s’~ —

- —~~ ~
- -  ~

- • e-

1— 
~~~~ ~~~< < ~~~ ~~~ ~~~~ ~~~~~

~~ A. A. -‘
-~ •

,- --~~~~~ -
~~~~~~~

-O-LI1 -O-O-O-Q-f
~~

LH>—~I _____________________kE~ :[i -O--O-O-o-1

~ ! ~!~; —

D-*-OO-OO-LJ--~~~
- —O--cH~-o-O-Q-cHIJ--t>-

D-*-- D—t
~~

----

S ~~~ —~~ “ 
., m~

z .; ~:-
0 ~i E

(F)

n-f>- 0-f>---- 

—~-— ~~~~- - - 

,

~~~--“ - --~~-



—-—- —~~~~, 

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

~~~~~ 

- -  - ~~~r~~ --- - - ~~__~,_ ~-~~-,_ —,- - -~~

-

~~~~~
- - 

~
* 5 -  ~ ~~~~~~~~~ ~~~;~~~

_

- ii - i - - ~ 
i ~

- 
-

-

00 C 0-0-00-0-0 0-0-0-c m-c-on -c>

~ 
— :

~~~~— - -,. ~~~~ - - 
. -

~~
~ um ~~~~

~~:

0-N

- 

- 
__ _ ___ _ I____ __ _ __ i 

~~~~~~~~~~~~



u~~
-
~- - 

- 
-

Lfl - -

i
L~

- i  ~~:.

— -i

-ç -

- -

~i~~
_ 

H

_  

I

; : -
z - - 0 - - 0 - 0-0-i --f ---—- 

------ ~~~~~~~~~~~~~~~~~~~~~~_____±_~~~ 

S



- ~~~~——-----

I

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

— - D-
~~~~

- -0-0-0--N—- - - -----0o-O-000-0o0-o 00-0-GGu-N--

_
- 

- ___ - -0-0-0-0-O--&0-0-O-D-0-fi~0->--

-
-ç~~- 

;~~~

-f>-0-0-u-f> -O-o-c~--~ n-f>-

:- 
_---- - -- 

-ii

- p r

L --- --
~~~

-- - - - -~~~~~- - ~~~--- - - - -  _ _ _ _ _ _ _ _



— ~~~~~~ ~~~~~~~~~~~~~~ ~~~~ ‘ — - - - “
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I

C

I -: 
~~~~~~

- 

~~~~~~~~~~~~~~~~~~~~~~

n_ -I ~ z
- - 

~
- ~~ - — - -  —

1 — -ç
— - :I < 4:

— 
— -- _‘ : _

•

~~~ 
~~~~~

~~~~~~ -th-O -Oc-o o-00-o-c-oo-o-o-~ 
- -‘ - -

-1

LU
I

a



SBRC

I

At tachmen t  B
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Attachment C

P R O D U C T I O N  L I N E  L A Y O U T
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Attachment D

P I L O T  P R O D U C T I O N  S P E C IA L  T O O L I N G

A N D  T E S T  E Q U I P M E N T
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Attachment I)

PiLOT PRODUCT I ON SPECIAL TOOLING AND TEST EQUIPMENT

I tem Par t  Number Deec r ipt Ion Quantity ~~~~ I ca

1 MD32275 Fixture , Stem Grinding 1 46945

2 MD32276C Gauge , Stein 1 46945

3 Mfl32277A Gauge , Run—Off 1 46945

4 MD32278C Gauge , Length 1 46945

5 t4D323O1R Fixture , Flange Holding 2 46945

6 MD32302A Fixture , Stem and Closing 1 46945

7 MD32315A Fixture , Stem FormIng 1 46945

8 MI)323168 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 %~indow Assembly 1 46943

13 MD32325B Fixture , Stem Assembly Striping 1 46945

14 MD32328B Fixture , lieu —Arc Weld 1 46950

15 MD32344A Flushing Station , Portable 1 45439
48898, 49106

16 MD32345A Fixture , Trim Deflector 1 491(16

17 MD32346A Spot Weld Electrodes 1 49106

18 MD32347A Adapter 5121 Connector to Disconnect 20 48898

19 MD32349A Fixture , Lap Sleeve 1 48898

20 MD323504 Vixture, Form Bridge 1 48898

21 MD32352A Adapter Miniature Fitting to 4 489(10
Purge Gland

22 t4D32354B Form Die 1 48907

23 MD32355A Fixture , Form Inlet Tube 1 49094

24 MD32357 C Fix ture , Braze Charge Tube to 1 48914
1 ;  Bell ows Screw

111 
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Attachment I)
Page 2

PILOT PRODUCTION SPECIAL TOOLING AND TEST EQUIPMENT

Part Number Description Quantity ~p~ Ucat ion

25 MD323588 Fixture , Braze Mandrel Ring 1 48905
to Tube

26 MD323598 Fixture , Swage Filter to Retainer 1 45439

27 MD32363J~ Window Seal ing Block 1 46943

28 MD3236413 Masking Disk 29 46943

29 MD32365A Fixture , Firing Rack 1 46945

30 MD32366 d Fixture , Form Getter Wires 1 46944 
V

31 MD32367C Fixture , Weld Shield to ~lange 1 46944

32 MD3237O~ Fixture , Weld Platinum Wires to 1 46944
Feed Thru Pins

33 MD323738 Fixture , Solder Wires to Stripes 2 46950

- - 34 MD32374 A Fixture , Weld Detector Leads to 1 4695(1
Stripes

35 MD32377 A Tubulation Mask, Aluminize Window 24 46943

36 MD32379 B Fixture , Mount and Align Detector 1 46950
Array

37 MD32381 C Cover , Preliminary Window Assembly 3 46Q50

38 MD32382 B Protective Cover , Sunburst Flange 31 46944

39 MD32383 C Fixture , Pot Mounting Flange 5 46951

40 MD32384 11 Fixture , Potting Sunburst 5 4695]

41 MD32385 C Fixture, Mount Flask Adapter 5 46951

42 MD32386 A Fixture , Mask Detector Assembly 1 46951
for Painting

43 MD32388 A Fixture , Check Isolation and 1 46944
Resistance

44 MD32392 A Fixture , Plate Feed Thru Pins 1 46944

45 MD3239 3 B Fix ture , Braze Adapter to Mandrel 1 48905 V

Tube

46 MD32396 A Fixture , Align Flange to Filter 1 46951
Holder

11
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Attachment D
Page 3

PILOT PRODUCTION SPECIAL TOOLING AND TEST EQU I PMENT

Item Part Number Descr i ptio n ~~ an t 1 t,y A~p l i c at 1 o n

47 MD3239 8C F ix tu re , P os i t ion  and Solder 1 49106
Valve

48 MD32402A Mold , Pin Feed Thru 1 46944

49 ~U~32404B Fixture , Press Filter Holder 1 46950
on Stem

50 MD32411B Fixture , Detector Height 1 46950

51 MD32412A Fixture , Paint Mask 1 46951

52 Mfl32429A R. F. Generator Coil 1 46944

53 MD32432A Shroud , Inert Gas 1 46944

54 MD324348 Spot Weld Electrodes 1 46944

55 MD32443B Extension Split Electrode Welder 1 46950

V 56 MD32447A Fixture , Solder Sleeve 1 48898
V 

MD32448B Protective Cover , Sunburst Stein 56 469 50
Assembly

58 MD324 53A Fix tur e, Hold Detector Assembly 1 46950
on Comparator

59 MD32454A Comparator Overlay , Detector Dewar 1 46950
Assembl y V

60 MD32455A Fix tur e, Itold Sunburst on Comparator 1 46944

61 MD32456A Comparator Overlay , Sunburst Lead 1 46944
Position

62 MD32458A Ring Gage 1 46950

63 MD32461A Co Cage I.D. 3 Places 1 48911

64 MD32462 8 Fix ture , 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

L V V V~~ S 
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V Attachment D
Page 4

V 
PILOT I’RODUCTI ON SPECIAL TOOLIN G AND TEST EQUIPMENT

Item Part Number Description Quan~~~~ Applic ation

68 MD32467B Fixture , Hold Flange on Comparator 1 46949

69 M032468A 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 MD32474A 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 Stein 6 46945

78 MD32478A Fixture. Vacuum Bake, Window 6 46943
Housing

79 MD32481A Fixture , Final Leak Test 1 46950

V 80 MD32483A Test Fixture 1 46951 V

V 

81 MD32498A Plug Gage , Outer Glass 1 46943

82 MD32503A Hand Lap 6 47015

83 MD32504A Glass Cleaning Rack 6 47015

84 MD32505A Intermediate Electrode Mask * 47015

85 MD32506A Inner Electrode Mask * 47015

86 MD32507A Outer Electrode Mask * 4701.5

87 MD32508” Substrate holder Metal Evaporation 60 47015

88 MD32510 A Inner Mask Holder 180 47015

89 MD32512A Fixture , Bond Lead Wires 1 47015

90 MD32S13A PbSe Deposition Glass Ware 6 47015

*Consumable Tool

V -
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Attachment D
Page 5

PILOT pRODUCTrOM SI’ECIAL TOOLING AND TEST EQU IPMENT

Item Part  Number Description Quant~~y Appl ication 

V

V V 
91 MD32514A Mask Aligner 1 47015

92 M032515A Photomask 66 Element * 47015

*Consu~~ble Tool

L.
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Attachment E

PRODUCTION SPECIAL TOOLING AND TEST E Q U I P M E N T

Item Part Number Descripflp n j t~ ~~p 11cat ion

1 HD32275C Fixture , Stem Grinding 1 46945

2 MD32302A Fixture , Stem and Closing 1 46945

3 MD32315A Fixture , Stem Forming 1 46945

4 MD323L6B Fixture , Tip—Off Installation 1 46943

V 
5 ND32347A Adapter 5121 Connector to Disconnect 20 48898

6 MD32352A Adapter Miniature Fitting to Purge 4 48900
Gland

7 ~iD32374A Fixture , Weld Detector Leads to 1 46950

V 
S t r i p e s

8 ND3238 1C Cover , Pre l imina ry Window Assembly 7 46950

9 MD32382B Protective Cover , Sunburst Flange 31 46950

10 MD32383C Fixture , Pot Mounting Flange 5 46951

11 MD32 384D F i x t u r e .  P o t t i n g  Sunburs t  5 46951

12 MD32385C F i x t u r e , Mount Flask Adapte r 5 4695 1

13 MD32448B Protective Cover , Sunburs t  St em 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

V 19 MD325]2A Fixture Bond Lead Wires 1 47015

V~~~~~~~~~ V~~~~~~~ V~ ~~~~~~~~~
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G O V E R N M E N T  O W N E D  S P E C I A L  T O O L I N G
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Attachment F

GOVERNMENT OWNED S P L C J A L  TO O LING AND TEST EOU 1 PM ENT

Prima ry A c c o u n t a b l e
II) Number l t e m  D e s c r i p t i o n  C ont r a c t  No.

V 93879000073 Fu~ e Hood , Double NAfl 017-72— (’~~Y~f~-

USN 5648—74 Station , Lead Acetate P r e p a r a t i o n  N 0 0 0 1 7 — 7 2 — C — 5 5 0 f ’

USN 5648—~ 0 Panel , Deposition Control NO0O17—7’-C— 5’M~

USN(3090)19058 Tin Building (315) N00fl17— 72—c--~ 5fl6

SA2197304 Sta t ion , Deposition N000I7—72—C—55fl~

USA 2490—A Test Set , 111—Low Temp NAS 7—i flO (.1PL—~ 53273)

~1D3l2 72 Test S t a t i on , 111gb Pressure  P0 f l 5 _ 4 5 7 f l 7~

V MD31274 Test Station , Life and Thermal P0 05—457 0 73

?4D31275 Test Station , Functional P0 05—457073

MD30592— 1 Fix ture , Grind Spr ing to Length P0 05—457073

MD3 1004—1 Gage , Indicator P0 05—L~57 0 72.

MD31005—l Cage , G—No — Go P0 0 5 — 4 5 7 0 7 3

MD3 1007—l V Fixtu re , S l o t t i n g  P0 0 5 — 4 5 7 0 7 3

MD3 1008—i F i x t u r e , Wind ing  P0 0 5— 457 0 73

MD3 1009—l Chart , Comparator  P0 0 5 — 4 5 7 0 7 3

MD3 10 12—l Gage , Depth P0 05—457073

MD31015—l Gage , Concent r i c i t y  P0 05—457073

MD3l Ol6— 1 Chart , Comparato r P0 05—457 073

MD 31019—1 Chart , Comparator P0 05— 457 073

MD31O21—1 Gage, Plug P0 05-457073

MD31024—1 Chart , Comparator P0 0 5— 457073

MD3IO4O—l Fixture , Forming P0 05—457073

MD3 1O4 1— 1 & —2 Fixture , Posi t ioning P0 05— 4 57073

MD31042 Fixture , Positioning P0 05—457073

MD3 1044— 1 & —2 F ix tu re , Pos i t ion ing  P0 f l 5— 45707 3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ -~~~~~
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Attachment F
Page 2

GOVERNMENT fl1~NEI) SPEC JAL TOOL! NG AND TEST EQU I PM J V NT

Pr i m a r y  A c c o u n t a b l e

MD31046.V l & —2 Fixtur e , I’os!tionin g P0 0 5 — 4 5 7 0 7 3

MD31059—1 Fixture , For m I n g P0 f l 5 — 4 5 7 0 7 3

MD3 106 5— 1 & —2 F i x t u r e , So lder ing  P0 f l 5 - 4 ~~7 07~

M 93 1067— l F i x t u r e , Tube B end ing  P0 05--4 57073

MD 31 07 0— 1 F i x t u r e , Flow Ra t e  P0 05_ .4 57() 73

MD31~)72—1 Gage , Slot P o s i t ion  PU fl5 4 S7 0 7~3

MD3 107 4— l F i x t u r e , Tr im P0 f l S — 4 5 7 0 7 3

MD3 1078—1 F i x t u r e , Hone P0 0 5— 4 5 7 0 7 3

MD31079—1 F i x t u r e , Surge  and Purge  P0 0 5— 4 5 7 0 7 3

M D 3II ) R0 —l H e a t i n g  Tube P0 O5— L. 57 Q7~

MD3i0~ 3—i F iA l ur e , ‘~pr j~~~ ~,V !j ;~~~ in~ 
PA

MD3 1087—1 & —2 F i x t u r e , V ibration P0 05_45707 1

MD3 1090—l F i x t u r e , C u t t in g  P0 0 5-4 5 7 0 7 3

MD3 1099—1 & —7. Fixture , Solde r ing ~ () 05-45 707 1  V

MD311O9—l Fix ture , Expand ing PU 0 5— 4 5 7 0 7 3

MD3111O—1 Gage , Crovstat P0 05—457073

)1D 31111—1 F ix tu re , Pul l  P0 05— 4 57073

MD31113—l Gage , Push Test P0 05—457073

M D 3 1 1 1 9 — l .  F ix t ure  Assembi .v P0 05—457073

MD31129—1 Fixture , Cage Pr) 05—457073

MD3]144—l . Fixture , Purge and Flush PU 05—1457073

M l) 3 114 7— l & —2 F i x t u r e , ~akeout P0 05—457073

MD31 ]4 9—l Chart , Compara to r  Pr) O5~ 457073

MD31.l65—l Fix ture , Solder P0 05-457073

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V ~~~~~~~~ V~~~~~~~~ V~~~~~~~~~~~~~~~~~ : . ~~~ V V ~~~~~~~~~~~~~~~~~~~
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Attach ment F
Page 3

GOVERNMENT 0~JN E 1) ~ I ’E CIAL TOOL I NC AND TEST E0U I PME NT

Primary Accountahi t’
ID Numb er I t em 1)escrlpt ion C o n t r a ~- t No .

HD31166—1 Fixture , Test P1) 0 5 — 6 5 7 0 7 3

M D 3 11 7 3 — l  F ix t ure , Vacuum M a n i f o l d  PC 0 5-6 57 0 7 1

MD 3 1 17 9— 1 F i x t u r e , Bubble Test P0 0 5 — 4 5 7 0 7 3

MD31197—1 Guide , Wire (1 pa ir) PU 05_4S707~

MD31199—l Fixture , Braze Pr) 05—457fl71

MJ)31432 1 Cage , Spring P0 05—45 073

U SAF —4 00 2~~ C ry o s t a t  Cool (SBR C #49A) 05— 45 7 0 7 3—D - 3 ( )

USAF~ 38I 06 — 5 27 7 4 Op t i c a l  Mic rometer  F i x t u r e  0 5 — 4 5 7 0 7 3 — l ) — 3 f l

U SAF—35 12—3 1735 Vacuum Bake S t a t i on  F — 3 4 6 1) I — 7 1— C -- 3 33 3

V IJSAF--3530—A Vacuum Bake Station F—34f~01—7 1- (’—3 3~~3

V V V V ~~~~~~~ V 
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Attachment  G

V E N D O R  T O O L I N G

¶1

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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Atta chment C

1.1ST OF VENDOR TOOLING

Item P rope r ty  I d e n t i f i c a t i o n  No.  Descri p t i o n  Q u a n t i ty  ~pp l i c a t i o n

1 SBRC—4625—46933—i 1)raw Die 1 46933

2 SBRC-4625-46933-2 First Trim Fixture 1 46933

3 SBRC — 4 6 25—46933—3 Second Trim F i x t u r e  1 46933

4 SBRC—4625—46933—4 Pilot Trim l)ie 1 46933

5 SBRC—4625—46934—l Draw Die .1 46934

6 SBRC—4625—4 6 934—2 First Lathe F ix tu re  1 46934

7 SBRC — 4625—46934—3 Second Lathe F i x t u r e  1 46934

8 SBRC—4 62 5—46935 — l F i r s t  Draw Die 1 46935

9 SBRC—4625--46935—2 Second Draw DIe 1 46935

10 SBRC—4625—46935—3 Pilot Trim Die 1 46935

11 SBRC—4625-46935-4 First Lathe Fixture 1 46935

12 SBR C— 462 5—46935—5 Second Lathe  F i x t u r e  1 46935

13 SBRC—4625—48896 Insert Cavity Mold 1 48896

II
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Attachment H

C O N F I G U R A T I O N  M A N A G E M E N T  P L A N

S A N T A  L I A R B A R A  R E S E A R C H  C E NT E R
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Attachment L SANTA BA RBARA RESEAR Ch CENTER
A 5~bsIdl.~ .1 HuçAss Akc,oU Compony

75 COROMAR DRIVE • GOLETA. CALI FORNIA 93017
TELEPHONE: 900.3511

V 
CONFiGURATION MANAGEM E NT PLAN

FOR

DETECTOR ASSEM BLIES

I AND

CRYOSTAT ASSEM BLIES

For Use In The

ADVANCE PRODUCTION ENGINEERING MODEL

OF THE

AN/TAS-3 INFRARED Ni GHT VISION SIGh T

V 

15 APRIL 1974

PBEC Contrac t No. 09772

Prime Contract No. DAAXO2-73-C-0047

I SBRC W/A 4625 - Dragon APE

1 Revised 5/23/74 Prepared by ~~~~~~~~~~~~~~~~~

V onfigurat ion Mana~ emcnt Office

I
Approved by 

_______ _________

Charles S. Tallinan
Project  Manager
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SBRC .

Configuration Management Plan
PBEC Contrac t No. 09772
Prime Contrac t No. DAAX 02-73-0047
SBRC W/A 4625 - Dragon APE

REVISION NOTICE

REVISION DATE DESCRIPTION APPROVAL

1 5/23/74 Added marked paragraph to
section 5.4 per PBEC TWX MV 2008

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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SBRC

I
1. INTRODUCTION 

V 
V

• This p lan describes the Santa Barbara Research  Center (SBRC) c o n f i g u r a t i o n
managemen t organization , and establishes the  c o n f i g u r a t i o n  management
requirements and practices for the Dragon Night Sight Detector and Cryostat

• Assemblies.

L 2. APPLICABLE DOCUM ENT S

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

SPECIFICATIONS

USAECOM

C2a2302-O 1O11O 1OA- 1 Cri t ica l  Item Product  Funct ion Speci f ic at io n
f or Detector of N ight  Vision S ight , Inf ra red
AN/ TAS-3

C2a2302-01011020A- 1 Critical Item Product Funct ion Speci f ic at i o n V

V for Cryosta t  of Nigh t Vision Sight , In f r a r ed
V ANITAS-3

DRAWINGS

USAECOM

SM-D-770349E Detector, Inf rared

SM-A-649902AA Detector Array (U)

SM-D-649252AB Cryostat  Assembly,  Speci f ica t ion

‘I Control Drawing

The fo l lowing SI3RC documents  of la tes t  approved issue form a part  of t h is
p lan to the ex ten t  specified he re in :  

V

• Dragon Night Sight Detector Assembly C o n f igu r a t i o n  Lis t  (ACL-46951) V

Dragon Ni ght Sight Cryostat  Assembly Conf igu ra t i on  List  (AcL-45438)

SA NTA B A R B A R A  R E S E A R C H  C E N T E R
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3. ORCAN IZAT ION AND RESPONSIBILITIES

The Configuration Management Office (Q1O) at SBRC i~ an ae~ministrative
office within the Mechanics Section of the Santa Barbara Laboratory.
The Q1O has the responsibility for configuration management of SBRC
projects in accordance w i t h  the SBRC C o n f i g u r a t i o n  Manage m ent  D i r ec t ives
(aiD) Manual , the SBRC Engineering Procedures (EP) M a n u a l , and require-
men ts de f ined by the SBRC Pro jec t  Manager and es tab l i shed  b y Custome r
approval of the SBRC Configuration Management Plan.

ILstructions for  implementat ion of the SBRC C o n f i g u r a t i o n  Management
Plan are prepared by the CMO and approved b y the Project Manager. The
Q1O monitors all project activities for proper implementation of approved
configuration management instructions.

4. CONFIGURATION IDEN TIFICATION

4.1 Configuration Baselines

The conf igura t ion  baselines for the Dragon Night  Si ght  Detecto r 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 (Act.). Acceptance of the Validation
Models by PBEC shall establish the Product Baselines for the Detector and
Cryostat Assemblies. 

V

4.2 Identification Numh e.rs

Engineering docume n t a t i on  prepared by SBRC sha l l be assi gned i d e n t i f i -
cation numbers in accordance with established SBRC drafting room pract ce

V (SBRC drafting room practice satisfic.~ the essential requirements of Mi~-
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.  Coimnercia l/vendor equi pment shall be identified by the
comme rcial/vendor numbers when used as is, and by SBRC assigned numbers V

when modified or screened by SBRC. Government and industry standard items
shall retain their standard identification numbers.

4. 3 Documentat ion P repara t ion  and Release

• SBRC drawings for the Detector and Cryostat Assemblies shall be prepared in
accordance with SBRC standard practice (USAN C DI-E-1118 will be used as a
guide). Marked up ET/EST (Ref. PREC P.O. 4626 & 6200) drawings may be used
to define the validation model configurations. Each item of SBRC eng i ne e r i n g
documentat ion and each item of customer furnished engineering document ation

• shall be controlled in accordance with established SBRC eng ineering data
control procedures. The Engineering Document Control Center (F.DCC) at SBRC
shall release and maintain records of release of all engineering documen-
tation including initial release , release of change informa t ion, and release
of revised documentation.

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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Regular and reproducible cop ies of all engineering documentation and re-
visions shall be furnished to PItEC per requirements specified in sequence

V numbers A017 and AO 18 of the DRAGON/APE Contrac t Data Requ i r em en t s  Lis t
(CDRL), except for proprietary processes.

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

L 1. The process procedures and chemistry utilized to fabricate t h e  lead
salt film detectors , including chemicals used , photoetching, electroding
and sensitizing of lead sa l t  f i lms .

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

5. CONFIGURATION CONTROL

Each proposed engineering change to the Detector and Cryostat Assemblies
shall be reviewed , evaluated , and classifiVed by SBRC as a Class I or
Class II change in accordance with the following change classification
criteria. This review and classification by SBRC app lies to changes
proposed by PBEC as well as to changes proposed by ShRC. 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 Eng i neering documen-
tation.

5.1 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-O1O1IO1OA-I and C2a2302-01011020A-l

• c) USAECOM Drawings SM-D-770349, SM-A-649902, and SM-D-649252

5.2 Class II  Engineer ing Changes

Engineering changes not c l a s s i f i e d  as Class I in accordance w i t h  Class I
cr i t er ia  sha l l  be c l a s s i f i ed  as Class II eng inee r i n g  changes .

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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SBRC

5.3 Class I Change l’roccdure

Proposals for  changes c l a s s i f i e d  as Class I by SR RC s h a l l  be pr ocessed
in accordance w i t h  established SBRC eng i ne er i n g  data control p roce d u res
and sha l l  be s u b m i t t e d  to PH EC along w i t h  e s t i m a t e d  cost and s c h e d u l e
da ta  fo r f u r t h e r  eva lua t ion  and d i s p o s i t i o n .  A f t e r  t h i s  e v a l u a t  ion , l’I t EC
sha l l  d i rec t  one of the following courses of action:

a) Cont inued processing of the  change  as a Class  I change and coor-
dination of ECP preparation w i t h  SB RC: l nco rpo rar io  of Cfr~~s I
cha nges sha l l  be held in abeyance by SBRC pending approval of the
ECP b y PREC and aut h o r i z a t i o n  of fund i ng and schedule a d j u st m e n t s .

b) R e c l a s s i f i c a t i o n  and approval  of the  change for process ing  and
incorpora t ion  as a Class II change .

c) Rejection of the change . 
V

d) Modification of the proposed change to accomplish approval.

Unless otherwise directed by PREC within 15 calendar days after sub- V

inittal 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 II Change Procedure

Class II changes shall be proccsscd in accordance with est a~~i i~~~ed S~RC
eng ineer ing  data  co nt ro l  procedu res. Processing and i nco rpo ra t i on  of
Class II 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 Eng ineering /Change Notice. Copies of the revised drawings shall also be submitted to
PBEC in accordance with CDRL items A017 and A0 18.

6. CONFIGURATION ACCOUNTABiLITY

6.1 Assembly Conf igura t ion  List  (ACE.)

SBRC shall prepare and maintain a Detector Assembly Configuration List
(Act.) and a Cryostat ACL. The ACL is an indentured drawing list that
includes drawing revision l e t t e r s  to r e f l e c t  the current status of re-

• leased drawings . ACL ’ s sha l l  be prepared in accordance with  e s tab l i shed
SBRC procedures.

F

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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SBRC~
& V 6.2 Assemb ly lu st or~ Record  Sh~ c ts  (A IIR S)

For each iuanu fac t u r e d  t i n i  t , SBRC sl ia l  I p r ep a r e  a Manu  f ac  t n t  i ng P1 ane .  i ng
Sheet w h i c h  c o n s i s t s  of a l i s t  of. m a t e r i a l  ( p a rt  numbers with revision
s t a t u s )  , a l i s t  of o p e r a t i o n s  w i t h  operation numbers , responsible de —
pariment and a brief descri ption of each operation. Inspection operations
are inc I uded. Each operation is cont rolled bV a M anifact &ir i ng or Inspect ion
Procedure. The reverse s ide of the Mantifactur i e.g P l a n n i n g  Sh eet  is the
Assembly  H i s t o r y  Record  Shee t .  E ach o p e r a t i o n  is e n t e re d  on t h e  A IIR S wher .
per fo~ med and s igned by t he  operator or i n s pe c t o r  as a p p r o p r i a t e .  An an—
alogous record is maintain ed 1w R e c e i v i n g  I n s p e c t i o n .

Each I n s p e c t i o n  o p e r a t i o n  is  c o n t r o l l e d  b y a p rocedure  d e s c r i b i n g  (as
appropriate) the  part numbers  with rev ision status , whi ch 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 t h a n  
V

two years. 
V

6.3 Audit

A Functional Configuration Audit (FCA) and/or a Physical Confi guration
Audi t  (PCA) is a comparison of the  .~CL and AIIRS da ta  packages d i s c u s s e d
above . SBRC w i l l  a s s i s t  PBEC in c o n d u c t i n g  these  a u d i t s  of the  APE
models. Five working days notice is required.

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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Attachment I

SBRC

QUALITY 
NO 7/SYS

f l A l t  January 1974

SA NTA BARBA RA RESEA RCH C ENTER
Suh i C C  T QUALITY CODE 1.FVEI .  SRRC 7/ SYS — ilti gires PRI)ISYS

RELATI V : D TO Ph ASE OF DES I ( N  DEVELOI ~Mi . :N~i AN I) :\PPL ICAIILE QUALiTY SYSTE M
iN AC( :ORDANC E W i T h  QUAL I TY ASSURANC E P R A C 1 I C E  1. 7

P r o d u c t ion  Model - (MIL— ST 1) -280 A)
An item in its final fo rm of  final production desiLn made by production tools ,
j igs, fixtures and methods. It emplov~ standard pdrts (or nonstandard parts
approved by tire agency  conce rned ) .

Quality Code Level 7/SYS con~p l ies  with ASPR_14—10 1 .3 and_MIL—T—45208.

~ pp~~~~ah I e _ Q u a l i t y Tasks (ne .  established by SBRC Quality Assurance Practices)

Documented q u al i t y  sys tem and o r g a n i z a t i o n .
Test equi pment ca l ibra t ion  to Ml L—C—4 ~~( 62 .

V P rocurement  document screening fo r  q u a l i t y  r e q u i r e m e n t s .
Final acceptance  and shipp ing inspection.
Internal audits of quality system .

V Supp lier evaluation/control based on quality history .
Process con trols to app licable specifications .
Liaison with customer Quality Assurance.
Control/protection of customer t u rni s lwd  propertv~
Quali ty program planning (requirements summary).
Receiving inspection and test.
Maintenance  of inspection and tes t  records . V

I d e n t i f i c a t i o n  of inspection s t a t u s  fo r  work in process.
Obtain custo . rer  qua l i t y  acceptance as r equ i red .
Assure applicable data used for fabrication/inspection/test.
Assure that standard par ts , or nons tandard par ts approved b y the agency concerned

V are emp loyed (final advanced development and later models only).
Prepare inspect/test instructions and accept/reject criteria.
}‘abrication , assembly, test and inspection to released engineering da ta.
Material  and process control .  Ut i l ize  contro l procedures if process inspection is

required.
Control of nonconforming supplies by MRI3.

• : Submit sampling plans not specified by contract for customer approval .

For NuB 5300.4 (ic) add:
• Control of production tooling used as media of inspection.

Training and cer tification .
Configuration verification.
Screening of manufacturing work instruction.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~V V V VV V VV
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Sect i on I

J )ESCRIP ’l’ ION

I

1 . 1- GENERAL

The Sp e c i a l  A c c> ’p t an u i ’ in sp e ct i o n  1’ qu i pr m ’nt  ( S A l E)  T e st  Set , St~ l~ (
’

Part No , (PIN) 29-I I I , is a sp ecial i n f r a r e d  and c r y c l g e n i ( ’ s t a t i o n , ‘l’he in  —

frared por t ion  of tile station is do s igned  to  a u tun ~at ic111I y n~~’a s ur e  b i a s  c u r  -

ren t , dc b ias vol tage , and the m n s  va lue  of si gna l  and noi  s> v o l t a g e  of t he

Dragon  I)e tector  A s s e mb ly  SM -D-  77034~~, ‘rhe c r y o s t a t  portion of t h e  station

is d e s i g n e d  to p rov ide  a s o ur c e  of h i g h  j~i’e ssurc • , r e g u l a t e d  Freon — 14 g a s  t o

opera te  the l)r agon  d e m a n d  flo ’,v c ryosta t  SM -D - 6 4 9 2 5 Z , The s t at  i o n  i s  com-

pr i sed  of v a r i o u s  p ie c e s  of h a rdw a r e  dS shown in Figure 1 - I and in the b lock

diagram in Figur - 1-2 , and as l i s t ed  in Table  I - i .

The blackbod y a s sembl y conta ins  two i n f r a r e d  s o u r c e s, variable- and

fixed-speed m od ul a to r s , ap e r t u r e s, and s hu t t er i n g  m e c h a n i s m. I n f r a r e d  s~ g-

nals incident on the d e t e c t o r  a rr ay  a r e  t r a n s f e r r e d  to an ex t er n a l  m> V~c h a n i L  ~ l

c r oss bar  a s sembly for  channel  se lec t i on .  S ignals  f r o m  the crossbar o u t p u t

are sent to a p r e a m pl i f i e r  located w i t h i n  the a s s e mb l y h o u s i ng .  The  pre-

amplifier output is connected to an e l e c t r i c a l  band pass  f i l t e r .  The band p a s s

f i l t e r  output is connected to a d i g i t a l  vo l tmete r (D VM  ) . The DVM read s ~~ si -

t ive  or nega t ive  dc voltage , and t r u e  rrn s ac m ca sur er n c ’n t s .  T h i s  i n s t r u m e n t

also p e r f o r m s  as an AID converter for the recording of di gital information ,

Signals from eithe r the preamplifier output  or the band pass  f i l t e r  o u t p u t  may

be vi ewed on an oscilloscope if desired.

The SAlE Test Set i n st r u m e n t a t i o n  rack  c o n t a i n s  a r ack  power pant’I,

an oscilloscope , I ) V M / T R U E  rms  v o l t met er , s c a n ner  c o n t r o l , band p ass  f i l t e r ,

bias power supply, sequencer , serialize r, print ,- r, I ap e  p u n ch , w av e  ana .

lyzcr, b lackbod y ternpe r a t u r > ’ c o n t r o l l e r, pen r e c o r d l ( ’  r , and ga s panel ,

R e f e r to Table 1 -2 , SAlE Ti’st. Set Equ i pment , and ‘I ’ab le  1 -3 , T> ’ st Set Pa -

r am e t e  r s. The  Se rialize r is a pa ral le  1- t > ’  s er i a l  c onve Ftc r wii i c h ,IC (
V t’pt S
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Tabk’ l - . ‘ pt ’i ’ ia l Act ’ I ’ 1) t  ~ flC C’ I n s p e c t i o n  l’. Cj t I l j ) l ’f l& ’  n t  (S~~ 1 !- ) ‘ l e s t  ~‘ .‘ I

CRYOSTA ! TEST
1. FREON GAS SUPPLY

2. COMPRESSOR

3. GAS SUPPLY PANEL
4. AVERAGE FLOW METER

5. FLOW RATE METER CONTROLLE R
6. PEN RECORDER (EVENT)

7. POWER SUPPLY AND HIGH PRESSURE
GAS CONTROLLER

DETECTOR TEST
1. BLACKBODY ASSEMBLY

INFRARED SOURCES (500°K) (2)
CHOPPER ASSEMBLIES (1 FIXED-SPEED , I VARIABLE-
SPEED MOTOR AND CONTROL)

COLLIMATING OPTICS
MIRROR
APERTURE WHEEL
SHUTTER
SPOT SCAN OPTICS

2. BLACKBODY TEMPERATURE CON1ROLS (2)

3. DETECTOR AND CRYOSTAT UNDER TEST
4. MECH~~ ICAL CROSSBAR AND MULTIPLE DETECTOR SELECTOR
5. PREAMPLIFIER
6. BA NDPA SS FILTER
7. OSCILLOSCOPE

8. WAVE ANA1,Y7E~
9. PEN RECORDER
10. DIGITAL VOL1METER

11. SCANNER ISERIAI,IZER

12. PRINTER
•1

13. PAPER TAPE PUNCH
14. PROGRAM CONTROL (SEQUENCER )
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l a I ) Ie I “ . S~\ 11- I i - s t  Set P~ N t T O I ’ t C ’  r

RIA ~ 0’> I . _J~~RAR J R I l xi i) 51 > 110 HU F ’hR AD .( 1~~1A Bi l  i ’J l I” > O ’ >  “I 10

- I ‘ 1 ) 11> P L J ’I 1 1 - N  P A T I J R I  V A I - : ( A I O l  S I ’ I i D  U l ( 0~ N R I  . \ 1 ) I j ” > ] A I U I  1 > - J I I A L I ’ >  S I !  10 ‘H~~~ rV

B~ A f ’ D u [ 1 ’ >  ,‘~I DI f lUL f  0. 003 . 0, 200, 0V 3(~~~ V 0 41)0 I!J H

DIS1:> D I TO ~: DR1l J RE 100.’.’ 1A BIE R I ’ D  1I . ’3 ( ‘ 1

( H ) I i ~ HV f’r ’’ ~’A~ fJ I R 1 1> 1’ ~-.( H! S

R ( >  Of H ‘I !X [ D—SP [ L ()  CH0PP’~R >  11

NU’ V ’ OLR 01 IFLIII V~’, I V I A 1 3 I [ V S P [ [ D  CHOP PLR ( 300

CHOPI’ I NO I ID 015 ‘ ,DY F IXED - S P E E D  CHO PPFV R( 510 t O

( ‘ I N C  F P E OL [NO ’> ’ (VAR IABLE -SPEED CHOPPER I 0 10 25 kHz

E Q UI V ALF  ~i NO ISE 1IAN DV , 0TH I FIXED - SP E E D CHOP PE R 50 Hz ( BA N DPASS F ILT LR~

EQ UIVA I E NI NOISE BA N D C , IDTH V A R I A B L L~SP[ ED C H O P P E R ’  7 H? , 100 Hz , AND I kHz > ‘> A > L  A N - L ’ >  ,‘LR

CROSS OA R 10-A D I MF000’O OR 100 Ofl

GAIN: SIG NAL 10, 100, 1000 , A N D- 10 , 000

— 
i 

NOID L. 10, lOG , 1303 , A ND 10 , 30’)

CRYOS IAT PRESSURES 3000 , 2500, A ND SOD PS IA A D J U S T ’ >f -.~E

the ISL)C’ in f - r r na t i o n  f r > n ~~, ti-i u - l)V~\i , and ~,r ’s c ’i’>I .s  it in ~> i ’ >~~~ , ’ i ’ f o r r > :  i~~ a c i i ~-

i ta l  (I ~i t  a 
~~
, t - i n t c  r and tau t -’ punch . ‘l’he se r i a l i z c ’  j - a l so  [ ‘atu re  s a n ’)an~> al 0 at~ i

e n t r y  capability. The sc a n n e r  i n te r f a ce s  w i t i - > t O > -  ‘> e c h~t n i e a l  c r n s s f ~~’. rs

b r i  n L ~~i rI o  e a >  0 ch a n n e l  ‘‘on l ine  ‘ ‘  se qu c ’  n t i a l l  - (hann’’i S C O I ’)  1 im i t s  a r I  C’ ~t~tb  —

l i sh c -d by >~ an u a l l y seir ’ c - ti ng the f i r s t  and l a s t  points on the f 1~Ol l t  pan  V i

s w i t c he s , i h e  h e a r t  of t h l -  SAlE T i - s t  Sc ’t  i s  a sequencer fur pr og r am  i n i t ~~~a -

t ion and c o n t r o l  of pararn ’I ( ‘V  s e l e c t i o n . P r ov i s i o n  is i m i l ’  1) 1’ au t u r n a t i  V

s e q u en c i n g  of the  d e s i r e d  p r o g r am  or m a n u a l l y s ’l i - c t in g  t ’ .tch p a r an i et e  r ,

Delete sw~tc’hes allow d e s i r e d  p a r a n n-t ( ’r s  to  be r x >  luci d from t h e  o u t —

n~a t i  c p rog  r a m  s equ en c i ng .  Each cl>anni ’ 1 pa ran eti - r IOf l  01’ r o i l ’  rd i ’d \V t O

e i t h e r [)usjti~ ’(- or n e g a t i ve  p o l a r i t y  l i i a s > - s  a pp l i e d . Da ta i’ t - e - o r d > ’d f r  ‘ - ‘  0

r un  may be pr~ - s i - n t i ’d  on a t ap e  p un c h  for analysi ’> a n d  l i m i t  pi’ > ‘ssing f l - o i l ’)

an t ’x t i- m a !  c on ’)p ut  e r S~’ st I n ’ )  -
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I , ~ U( >5 !! ‘~
)
~~ I I 1)ES’ ‘1(11 ’ ! iO!N

I . 2.. 1 P l o .  k h c ’ d \

T \to ’ ut& ’d h > -n , ’ ,ph t I ~~ d , t t , t t o r  I c - i  f i ; - : t t i r , -  , I ’ e I V V I I  0011 I W I I O \  5~~~~ V~ ‘ 1 ’ ’ >

p r t ’ ’ i ’t to ~0( I. w i l l >  i i xeO ~~~ V a r i i I l e - S f  V ’ i ’d C I I l t j ) I ’l ’ t e , t 1 ) t 0 I i I ’ S , h i

V 
f i x e i l - s p e t ’ d  ( } I l I f I I > ( ’r d i s c  i s  d r i v e n  b y • t  s \ n t h l ’ n Cie  , t e  l n I t , I r  f i r  l i x ’ !  fi’ ’-

ij u e n c y  1 ) - - an d r I - n i l  n ’-n v i ty  n i ’ a e i l  I’ l l ’  I l l :; , I lie \ , t r : a I I l  t ’ :;
~~’t ’ ‘n L i l I f ’  i d i s c

(l r i v e f l  a : : er v o - c o i u t r I 1 1 I ’d c l i ’ n i o t t n ’ f r  v~~i r ; i ng  t i > ~ ~ I > u p p ~~i- i’ ,t , , t j c l f l

sp t ’ed  o v e r  t i l t ’ r t ’ t i t i i r t .d f r e q u e n c i e s w i l t -n  ‘ r f t l i ’ l n i ng  t i i i i t ’  > f l 1 t i i t  f l i i ’,t~~~O I’ ’ -

i i n ’n l s , C o l l i n i I l i n g  o p t i cs  a r t -  rc - d d u r i n g  II ’ ) > t i I : ~~e C I t l i S t i l l i t  fl~~~’d S U  i’ ’ ; t ’ O h s

to 1IiCi’ I - a S I ’  I ! >  i r r a e~~ an c e  l iv e !  iI~~e to d eieet , r l )~~n I i pa s-i r I I i I ( O I V O~ - t i c a l

s e l e c t i o n  of t l~1 - t \ V t I  b lac k b od 5 S’y s t ’ i i i . S  i S  d L i O h i ) i ! l i S i > i ’ d  ft - or> ; t O 1 - f in n i  , , t ’i~’l

(F i D > ~r ’  1 — 3 )  b y p o s it io n i n~ a n i r r u r  in  t O t ’ u pt~ c_ a l  I _ ItO foi’ v a r i a u l ~- — c n ’’ ’c:

c h o p p er  n i ’ a s u r e n i & - n t s  an d  n i e c h a n i i a l I v  i’ I ’ f l i OV i f lO  t h e  l i l i i ’ i’Oi’ for iiie u sui ’ ir;c

f i X ( ’d - S O ( i - C ( !  r : i n l i) p i ’r n i t - a c u r e n ie n t s , i i i > ’  n~~-’J i an i c al I- n i r r t l r  a s s t ’n:OP ie

d e u j g n ’d to  &‘ ] n i i f l~~te any s pe c t r a l  c r o s S l ~~1t ~ f r i ’ i ’ i  iL  i i i i t i s e d h l a c O i  - V - C ! ). s l - r I V’ ’ ,

Tnt ’ Ju d  t O  ii I l i t ’ b l a t ’  k u o d  Y I l ouS  i n c  ar ~’ a :11:  1 ‘V  a s C e f l  I n  I V t o  I) ! i l c ’l ~ ir  I’ ~i (. a -~

enerpy \‘JL fl : ; ,t k i n e  narrow~ la nd n o e l ’  n l i ’ a S l i r t ’ i . ’ ’ v : ; , a~uI f o u r  ) , .
~~

• , “

s e l t - c f , i ( u I ’ f r l , n ,  tb  f r o n t  n a n ’! (1 ’ i g u r t ’ 1 — 3 ) , f r  I ’s t a b l i . - ;h i n~ iL’ cI: - e i r , ’i:

r a d i a n t  po~\ t ’r im ’ i d e n t  on tN t ] ’t ~’c t or  a r ra y  s u r fa c e  f r  )~~, V t  s n ’ n s: v

and tin: ’- C o n s t a n t  T l i I , ’ a s c i  i- t e n t s . \\V I~~~l , i V i n i e a s u r : 1 o  a I i 1 ~ t C ’ f l t  t l t ’ t ’~~ t 1t i’ c r  e s —

ta lk, sp o t  sc a n  o p t i c s  is  u e > -d t o  foc ’us  all  t h e  r a d i a n t  n u w ’ r  i f l~~ i O t ’n1 > 0  t n t

desired (tl ~~~t V t  t t r  w h i l e  o b se r v i ng  the  adjacent >I~- t , c ’ t , r~~,

I , Z . ?, bod y Te~~ j >e ra l .u rc ._C on t r o l

— 
Each  blackl iod y sou r ce has its owl ’) t ’n-ip c - r a t u i ’ t ’ co n t r o l  c u n s i c ; t . l n L e  ( I f

a b it in g 1-l en > ‘ i i t  and core , a n l , u t l n u n ’ )  r ’  ; i ’ ; t ~ 11i ( , Sc n s or , and a ‘;o l icl  - 1 i t t ’

c ontr  ulle i’. T hi’ c ont rol lc ’  r Sefl  si ’ s t h e  c ii , > n>. e in 0 lin’kbod ‘ i t o  ~~1’ r a t  u r o - t  s a

change in sensor resistan - - . ‘Fhc’ s en s o r  is pin , t O  i n  one l e g  of ~ b r i d ~;-

c i r c u i t  w i t h  i’t - f e r t ’ n c e  pote fl ti i nietei’ s. ‘Ihe brid~~1 ’ is p t l W c - r I - ( i  f r o i i  in  a s t a h l t -

rnul tivjbt’a tor and 1) 1’ O Vi d t ’S  it i Or iip i t l’ i S t I f l  I ) t d \ \ ’ I ’ t ’l’) t h t ~ i n t i l t i v i h r i t t o r  f r i - q u I n t  V

- I and the cl itnp t- in S t - f l s t , l ’  i ’ , - s i st a n e i - . A p I l a i t I ’  c t ) m i i , t i . t t o  r e ’  ii~~ t ’s the b ri d (.LI-

11-ad or lag to  the r e f e r - n c  e f r e q u e n c y ,  ~t nrI i ’ un l  r o t s  t h e  h e a l i n g  I ’ l l ’ l l I t ’ l ) t

V p OW( - I’ . ‘1 1 1 ) 1 1 > 1’ r a t  u i - i ’  c u n t  l~l l l  i s be I I I ’ i’ t I h t i 1  I 2 
- I ’)
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1 . ~ ~ ~~~~ L~± ’r i ~ l i r i ’r / 1 i j ~~’ I ~r t t 1 ~~

A N! ( l i i i  t i  1’ 1 , , t  I t> ; 1-1 ( I l l ~ an ’  r ‘ I - ~ r ~

Si, on h l i n g  1 ( 1 ( 1  ~~~~~~~~~~~~~~ i ) l i l I ) t l t  i h a m ; - ! - l It , - V

d , - t e i ’ 1 ’) l i l ’ ) ,’d by t b -  1- ’ l R ~~ 1 l ’ O i D ~ I ouch  I ~:
‘i~~ I !~ ( I I ~~. I - - - -

Eii g~ig ing  t l i t ’ t a o  nm-i - S I  -\ IT ‘1 > ; ~~ ‘ . i t t  Ii p 1 .u - - - - , , ,  I ;  - I

( lU e f l t i a l l S’ u n t i l  t h e  I •\5 ’l ’ I I Q F \  I Ii ~ - I n  i - - ‘

i - rid  p u r p u s c -  p : i r a l l i - l — t i — s t - r i a l  m ’ v - ’r t - ’ - I , , , 0 -

ch a ra t .- t ; - r s  in  p~~~’a~~h’~ and  s e l - i , t l j 7 , ’s  d ; 1  -~~ 
-

C ont r  ul S inC !>.itI~ ’ t , I i i i i i i b w h , ’ , - 1 sw i t  lit ~ s f u r  ,- , > i i  - - t i ~t -

m a t  ion . .10 p lfl)t ’ r t a i l ’ pr  i r i t e  i s I t s  t~d I -  p t - i1; : ,. -

p r i n t e r . Li 1~~’ t i l l ’ papi- r p u n c h , t o -  - i r -~, - , -
~~ 0 I L - - -.

tite p r i n t e r  and can  vu ry f r o m  2 i~~ i ’  l i i i . ’ - :‘ - - -
‘ - 

-

p u shed by the l 8 — c ~,i~~ni~i h-~~-v ~; C l  t ’ i k i n g  ;- r i-s ~~i~i’ - ~~~- i-

lowing  i S  t l i t ’  P r i n t e r  R c - c o r d i n p  1-o  r m at .

- - I - , ; - ’ . ; c ,  0

C’ u l u m n :  I ~ 3 4 5 0 7 0 ‘ ‘ I c  1 1  I ,~ I I-; - - - - -‘

L L L L L L L L L L

I I ?>i 1- ’ V 
I ‘ ~ X

L 1.L 1~ L Ll_ ,LL I~ l ’I~i n ;ioi  J ) , , t a  ~~~~~ 
( V I V , l l ,d  >, n l \  ~vh~’,i

J ’ h l ) 1~ i ’s 1 ‘ - J O ’  c l i-

‘i’ ~1’ ‘t’ (~ ii., t m >  i ’ l  ( t ; , i ,  t It ‘~~‘~

I~4 l~,t ’,c ~~~~ ~‘- , l t I ~ ’

I C u r r ’ i i t
\ 1) 1(11( 4 1’

3 ~
- N o i s e

4 = Si g n a l
I- ’ — 1)\- ’Nt  Fu n i  l i o n  ‘, 1td ”

0 dc v o l t  it

I ~‘ ac (ac- 1 V f l h i
3 >- a c ( d c  ) v o l t s

‘ J-’ Po la r i t y i I r  -

X 1 X X X X  J ) V M  l ) a t a  i ij p l t s  ( 1 ( 5 , 0 ( 1  to 1 1 1 0 1 1 0

Z Range
1 ~- 1 ( 0 ( 1  ~-~~lt
2 1( 10 V I l i t S

3 1 (1 V O l t S
‘I I 0( t )  n l i l l i V , I I t S
5 I t O  T I l t I l V e l l I I  S

SANTA B A R B A R A  R E S E A R C H  C E N T L R
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SBRC

Fr o n t  P a n i - i C i t ot  r i ds  (5 - t -  l” i g t i r t -  1 — 1 )

C o n t r o l  1’ t I l ’ ) C t i i, ) l l

1” IR S ’l ’  l ’OIN I - ] I t l l l t l i ) w I n ’ l ’I s d e h - i ’ n i i n t - t h e  I i  r s t  C h ’ ) , t l l t i I ’l if

tIlt- 5 (‘01111 C ’ I’ i t )  l i e  Si a l i T ) ’  -d ~i’ l i t ’ I ’)  t i j ) t ’ i t t  i h g  i i i

the  SINCLI- : , ( ON’) ( C o I l l i l l i t t l u S  o r  Nt;\ T\UA1~
f l l O ( I I , ’ \\‘itli s i ng l I ’ C i l i a - c l  s t - E l - I I l ’ l l .

In tiuc’ 1 )ti ,tl S1i1 i .I 111 (1 (1’ ’, 1 In’ th ur 1 ;I)i\’!i - i - i s  d •  - -

t.e r i i i  j no t l i t - I a t i  i’l ;  - i i in - 1 of t h i  I - l i i  l i t ’ S ) l  -

gruu~) (if Cl ’) i l i f l t ’ l C  \‘s’lijCh bt ’giti ’; ,it ChlilTllii ’l 00 .

C h a n n el  1 ,AS’l’ P0! N I  T 11(11’) ;b w l t t ’ o h S  (I t ’ t , ’ 1-n> m e  t h e  l a s t  c h a  n o e l  to bt~

Sc l c~ c t i t  ui sc it n i i e d  \ \ ‘ h l I ’ Ii u~i e r  a t  ing in  the  SI NC I l’~ i l l ’

C o n t r o l s  ( ‘ON I ’ nioth- \ \ ‘ i t h ’)  s l h l g i l - s }x- c -d SI ’ l e ct l  (l-

iii t il l ’ Du a l  Sj ’ t ’ e d  mode , t h e S e  t l i u l f l I I ) ’-,\ h e e l s
d ~~ t - m n l  ~fl i ’  ( l i t  l a s t  ch a  n ile I ;f t he  S lo’,~’ t’ V C > I  i’d

- I g rc)tlj) of cliann ,’Ie \, V h l ( V h  be g i n s  at  t h e  I - I I T S  F
- 

, 
POIN I’ c h an n e l  n u t ~ m b e r  p l u s  1 .

I’i,I ON T ht n i ib wh e e l s  t h a t  t l t ,’t i ’r n i i i ’ie t h e  1 \ IC~~
’ (N !  t l f l i  —

t o r )  c h a n n e l  to be d i sp l a y e d  j e t  t i t h e r  t h e  I) :\ 1 A
MON 01~ N I O N  cl i  sp lay  n i o d - s .

SiNGLE Places t i i i~ s ~u i i i e r i’~j n t r ~ t l  in t O1 ~- 1 N ;I  .1- :

V 
s c a n  I l i O C i t ’ . Ii> t h i s  1 1 10 0 1 ’ , t i l l ’ a n t l i g cl i~i n n t ’is
s e le c ted , first point to l a s t  p o i n t  , t n i l  li l t

ski pped wi l l .  b -  s c an n e d  o ft ’ in  s _ N i l - n i l ’ u p o n
Cach  m a n u a l  :- I A ! T ’J  , I - L i ’ r n ; t l  St a i -t , ot - i n —
te rnal ti nit’ Pu1~~’ start ,

In the  l)u a l  Spi’ l ’d i-iiixl ~ ‘ , chann~-l 00 i f i  r t i

p o in t  w i l l  in ’  sc ,innt’tl o n c e  i i)  Se q t i i f l( I ( t k l l ] ’ )
I ,  Scan , , V ’  -‘ V

each i-i ianu al  5 I Ak j , Lx t e  i - f lal  St a r t , or  i i i  -

Mode V , -t er n al  t im e  p u i s t ’  s t a r t . C l i an n e i  f i r s t  p o i n t
C o n t r o l s  ‘ -to l a s t  point iiiil be scanned l ) n c l ’  in

upon ea ch  i n t t -  i m d  t i i i i t ’ p u l ’~ - s t , t  r t .

CON I P l a c t ’i -m t i n ’  s t i t n f l t ’ r  (-ontr I in (In- (‘ON’l st - an
niocl e . in ( h i ,’; moOt ’ , t h e  a i i t h l g  c h , . w i i - I

l e ct l ,’d f i r s t  p t n  u t  1 )  l a s t  1- i l l i i , t  a nd  n u t  tO t ! p l ’ l l

wi l l  be 5 i , , I I i f l i’lI i , t t i i t i i i t i t i t,i V~~ i~ y i n  ‘ ; t - q u i - u ’ ) i  I’ U~~~Ofl

r ece ip t ( it  Of li ’  !‘Pl , \R ’l , l’ ; x l t ’ i ’ n a l  S t a r t , or  in-
t e r n a l  I i t n i ’ pul Cl ’ ‘ l , t  rt.

‘:‘Not ( 151-I l f or  t h e  SAlE 1)etcctor It ’;; t S - l

SAN TA B A R B A R A  R E S E A R C H  CENTER I - l i
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SBRC

Front  Panel  C on i i’o I s (C t i n t  i 1>110( 1 1

C o n t r o l  F u n ct i o n

MANUAL P l a c e s  t l i t -  st  000l’ r c ontrol in tli~- Ni A N U A  I s c O t t

1 modi-. in hilt ; 1) 1 0 0 1’ , the  f i r s t  p o in t  an a l o g  c h , t u i —
Scan f nt’1 i s  sel ec ted  aiid d i 1i, i t i i i -d up o n  r e ( e i l ) t  of ( l i e
Mode f i r s t  s t a r t . Su i b s t - q u t - nt  n t , j i-t coi ’t i n i a i t t i s  i t ( l V t h l i l ’

C o n t r ol s  tin- a n a l o g  i- h , c n u t - 1  I c’h a n n t -l  f o r  c-a c - l i  s t a r t , l ilt ’

Sc d f l f l e  r ~~i 1I ( 1 1 1 1 1  i I > U t ’  to atl v a n c ’ a s  in  t h e  ( ‘o N I

[, scan macit - as long as starts c o n t i n u e ,

R EMO’rEt :; D i s a b le s  t h e  lut e i-n al Sy stein C o n t r o l l e r  (IS O’ I .
M a n u a l  - -T h i s  f r e e s  t l i - in t e r n a l  d a t a  anc ’ c t ) i l l h I , , i f l d  bus  i- i)
Internal -

be used by external c o n t r o l , Thi s control slaves
Control -

die 94 0( 1 to c -x t c - r n t i l c o n t r o l  only as j ) r tj V l d t ’( l
Disable ‘ 

‘ 
‘ - , -with  the C o m p u t e r  I n p u t / O u tp u t  op t i o n  t t i r d  ( t i .

R E C O R D  E n a b l es  c ont r o l  and p r i n t o u t  on the  P r i n t e r  (PR I
. I and external recording devices T e l ct vp i -  (TTO I ,

V Recording ( Magnetic l ’ a p t ’  (M ’IO) ,  and P0 1ler  ‘lape Punch
na C ( P TP )  if t h e y  a r t ’ p o w e r e d  on , w h i c h  Or e  c o n t r o l l e d

in the s tand ~,r c?  c on~ i’ul p r o g

Manual - ‘ - V

1 MDE Depressing t lii  s w i t c h  ca u s e  t h e  l a b e l  sw it  l i t ’
~~aut - j 

‘ V -

- 
to be recoi’tled on a l l  a c t i  Vt ’ r e c o r d  t u g  d ev i c es  -

Control

Auto AUTO~ W h - n  d e p r e s sed , it  e n a b l e s  the  9400 to  s t a r t  a

T ime scan on eac h out put  of t in le  pu l s e  i n ter v a l  1

Start L settiiig.

Manual - - ‘ ‘ ‘ ‘STAR ‘1 Depres  sing  t h u  s s w i t c h  i i nt  i t t t  ‘ the  A n a l o g  s can  —
Scan . ‘ - . ,  -

n c r  in a l l  i t s  mud es — SiNG I ii- ., CON I , and
ai M A N U A L .

C ont r ol

RESET Prov ides  a m a s t e r  re set t o  t i l t ’ co nt r o l  and a l l
M as te r  in tt ’r f ac - cards to clear the logic . ]-‘or exanip li-,

Re set if a scan has  s i L t  r t t ’d  de p i t ’  ss  in g ,  t h i s  s w i t c h
t e r m i n a tes  t h t -  scan  ~tnd  restarts t i i t ’  cord rtd

*Not used f o r  the SAlE l) e te c tu r  ‘r es t  Set

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  I -  Li
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SBRC 
-

F r o n t  l~~t n i ’ 1  Con l  t-~~l s ( C o n t i nu i ’t l

C ont ro l  I-’t ine ti  on

logic at the  b e g i n n i n g  of t he  - t i n t x ’~~l h i rit
~’ r ’ a u i i , If

M a s ter  d c ’p r e s s e d  w i t h  R E ( ’ ( ) R l )  sel - c t - d , n l i x n h , t l  ( ‘ud of

R e s e t  scan o u t p u t  o c c u r s  to  , t l l  o u t p u t  0, - i t -  es  j ioit’er e t l

oIl ,

T IME ’: When  d ep r e  t; sod , the  C hock time ‘viii hi ’ di  sp l ay e d  
V

in the r e a d o u t  and u p d a te d  e v e r y  se c o n d . The
primary purj use is to al low se t t i n g  ( l ie  c l o c k  b y
o b s e r v i n g  ti -ic- d i gital disp lay. Sec ondary Pclri)t)sl’

is to d i s p lay the tinic on t in ’  r e a d o u t  c on t  inu ~~u sl y
d u r i n g  all op e r a t i o n s  of the  sy s te m . l)A’I’A and
MON m us t  n o t  be d e p r e s s ed .

DATA When d e p r e s se d , with T I M E  and I-iON not  d~’-

D’ ~ 
1r e s s ed , the r eadou t  wi l l  clis p lay  t Ot ’  ana log  c- h a n —

Contrl’ 
nd number  and the d i g i t i ze d  r e a d i n g  d u r i n g  the

0 S 
scan modes of SINGLE , CONT , or M A N U A L .

MON When  d e p r e ss ed , wi th  TJME and DATA not  de-
(op t i on a l )  j ,i- e.~sc d , thc  r c a d o ut  v - i ! l  d i e p lay ftc ~-~~ t~ei

se lec ted  by the MON th u mb wh e e l s  when  t ile  S~ S —

tern is not s c a n n i n g  in t h e  CONT m o d e . Til l’

channel  s e l e c t ed  wil l  b i t  d h i sp la,)-ed and c o n t i n u o u s ly

updated .

MON an d When  both depre s sed , the  r e a d o u t  w i l l  di  s p lay  t O t ’

DATA~ channel selected by the t h u mb w h et ’l s w i t c h e s

every  tin’n’ t h a t  channe l  is  scanned in e i th e r t h e

- - 
SINGLE or CONT scan modes . The  readou t is

updated on the  fl y,  r eg a r d l e s s  of the  s yst t ’J n  ( l ig i -
t ize r  in u se  and the  speed .

- A~’ R e s e r v e d  f o r  spec ia l  p r o g r a m s . Not  a c t i ve  in  t h e
Sp , c i a l  

standard pr ogram . Consult t h e  spi - c i a t  f e a t u r e s
Cont ro l  - 

-

de s c rib e d  in y o u r  sn e c i a l  sy s t e m  p ru g  r an >  h f l t I t i l J a l
Applications , 

‘ -

if applicable .

PRINTER E n e r g i z e s  the p r in te r . If the RECOI1I) b u t t o n  i s
P r i n t e r  - -

POWER not depre seci , the P 1’tntt ’ r w i l l  not ope r a t e . In
C o n t r o l s

sy sterns with  m a g n e t i c  tape ou t p u t  or i th t ’ r

*Not used for  the SAlE De tec to r  Tes t  Set

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  1 - 1 3
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SBRC

F r o n t  l’ , u t i t - i (‘ont  j o l s  ( C o i i t i n u i i ’d I

~‘ °>“‘ ~

o u t p u t  r e c o r d i n g  d i - v i i - t - s , l i i i ; ;  ~w i t ~~h ,til t l \\ S d i s  -

a b h i n g  the  p I ’ in t ~ ’ ;‘ w h i l i -  t i t h e r  dc - v i c e S  are re c ii r diiic ~.Pi’irutt’ r
C o n t r o l s  PAI~ER A d v a n c e s  the  p r i n t i -r  pape l’ l t r  l o ad io p  or  s - I  — t i p

A 1)VANC l’ pu i’po si’s as d -  ir ,’d .

H
I ’WR l”AlL~’ \V i > c ’n d c - p r t ’ s s e d , t h i s  c o n t r o l  c ’ x l i n g c i i s l i c ’ s t Ot ’

POW ER FAIL I ; 11n 1) and r e s e t s  tin - r e c ( i r d , -( l p t t \ \ ’ t ’ r
fa i l  f lag  log ic .

SET~ W h e n  dep r e s sc ’c l , t i i t ~ c lock may  be sc- i  t o  the d ie —
s i red t il i l t ’  by t i>1- DAY , HOC H , M I N L i  E, and
FAST cont ro l s .

W h e n  r e l e a s e d , the  t i me  iv i l l  s t a r t  up d a t i n g .  To
allow s y n c h r o n i z a ti o n  wi th  an t ’x t t ’  rnai t i m e  Soil  r t e ,
this control should be released exactl y with the

Clock minute  se t t ing .

Sett ing FAST C o n t r o l s  the r a t e  at w h i c h  th 1 l)AY , J T O U R , or
Cont ro l s  MIN c o u n t e r s  of the  clock a r e  up da ted .

Not D e p r e s s e d:  R a te  —1 . 5 increments per s e c on d
Depressed : Ra te = — 1 0 incr ’nients per seca~ d

DAY ~ While  d ep r e s sed  and e nab l e d  b y the Si’ T sw i t ch ,
the D a y s  p o r t i o n  of the clock w i l l  up d at e .

HOUR 0 Whi le  d epr e s s e d  and enab led  b y the S EP  ,S\’,itd :,

the Hours counter of the c lock  is updat c- ti .

MIN O Whi le  d e p r e s s e d  and e n ab l e d  b y the  SET sw i t i  0 ,
the Minute s c o u n tc ’  r s a re  in c  r e i n en t e d ,

Ivianual MDE The s w i t c h  s e t t i ng s  of the  I 0 — c o l u m n  n - i anua l  d a t a

Data entry  reg i s t e r  a c-c recorded in f o r m a t  when tO-
E n t r y  f r o n t  panel  NI DJ-’ s w i t c h  is d epr e ss( ’d .

‘~
Not used  fo r  the  SAlE I)etcctoi ’ T i - s t  Set

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  I - i - i
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SBRC

1 , 2. 4 C r()s sb t i’ aj~~~~ -hi z l l : i 1ih ’ D et e c t or  S el e c tor

Th .- ’ c r o ssb a r , p a r t  ~>1 a M o n i t o r  L a b s  ‘~40() Scanner System (l- ’i gur-

V 1—5), i s eli’ ctr ica ll y c o n n e c ted  to the  d e t i ’ c t t ,r  r i i u c i r i t i n g  f i x t u r e  and 1n’ e a i i u p li —

h e r . E ach del t ’ c t t > r  is co nn , -c ted to a c h a n n e l  t f  th e 1 00 Y I i i i  z’e c r o ss  I-

V w h i c h  is  c o n t ro l l e d  f r o m  a r e nl ut t ~ sc a n n e r . Ext  e ption to the ahoy,’ s t a l e n t i ’ nt

is  d u r i n g  p - r f o r n > i n g  thc ’ c ro s s t a l k  m c ’a s ’ i r e n i en t . I ) u r i n g  t h i s  t r t - a s u r e t t i ; ’n t ,

a f r o n t  pane l  s w i t c h , SZ , c onnc’c (S  ont- of tO r c ’e  pr ~d e i t ’ l’il i n ed  ( i t  t ec  t i  r t ; ( I  0,

30, and 45) to tin’ prc-amp liiie r ant i  b i a s  c i r c u i t r y .  ‘l in’ ou t p u t  f r o m  tO t r ts S —

bar is coup led to a pre~trn1)1if1cr fo r  si gna l  and nioi t O  g a i n . A I iad s w i t c h  j ) i ’ c) —

vidc’ s sel e c t i o n  of e i t he r  a 1 ~ineg r e s is t i v e  load f o r  l ) ’-  and r ’sp o n - s i v i ty

m e a s u r em ents  or a 1 0 0 — K U  r e s i s t i v e  load f o r  t i m e  c o n s t a n t  i i  e a s u r e n i e n t s .

1 . 2~ 5 Pr e a~~ ,p 1iflc’ r

The pr e a n-ip li f i c ’ r is a c a p a c i t i ve ly c o u p led v o l t a g e  -m o d e t w o —  s t a g e  —

amp l i f i e r  with selectable gains of 1 0, 100 , 1000 , and 1 0 , 000 . Th e g a i n  r e -

quir ed for the si gnal and noise vol tage  mo d e s  can h i ’ s e lec ted  f r om  one of th e

V L o ur  d ai i u ’u i c -  s c ’ l L i  i u g s  ic ,c ,~. ied ~t iL liiii tue s c-’ ij u c’n ce  pa n el . A l l i l i l i L i  C ‘ U U L I >1I ~ ~ —

nals a re  sent to a 5 0 - l i z  band pass  f i l t e r  to p r o v i d e  n a r r ow - b a n d  n o i s e  I’ e a d in e s ,

1 . 2 , 6 Elc’ctrical flandpass F i l t e r

An a c t i v e  e l c -c t r i c a i  band pass f i l t e r  having a i - e n t t -r frec1ut -ncy of

51 0 lI z  an(i an N l - B W  of 50 liv is used to p r o c e s s  the  brc adband det e ctor

noise  s ign a l s. The filter cc-liter frt -qm- ncy c o r r e sp o n d s to th~ requi red e 0 o p —

per freq uency.

1 . 2 . 7 Osc il iosc~ j~~ ( F i g u r e  1 -6 )

The rack  moun ted  ] e l e qu i p m ent  55-IR o s c i l l os c op e  h a s  a b a n d i vj d t l i

f r o m  dc to 10 l i i i! :’ , s e n s i t i v i t y  of 10  n>’ ,’/ c f l >  to 50 ~‘ /c t u , and a s’,i ’c ’t ~~i r c n t ~ ’

f r o m  3 Ilsec/crn to 2 s e c/ c m .

1 .2.8 Di g i ta l  V ’ol tn -t e t er  (Fi g u r e  1 - 6 )

The H ewl e t t  Packa rd  3484 D i g i t a l  \‘ultn’i t ’ t t ’  r m ,ik i -  s 4 ~ci i g i t  dc and

tru e rms voltagi- r n e a s u r t ~n i t ’n t s , ivith up to 50% l l v i ’ I ’r a n g t -  ,uiirl 1 0% t i n d e r  -

r an g t -  c a p ab i l i t y .  Fu l l  scale ranges of 1 00 and 1 000 n iV , 10 , 1 (tO , and 1 000

volts may be so It~ 
. ted nianua il y ,  a u to n i a  I i - ; u h i y ,  or i i ’n i ot  i’ l y . 1-~olit r I (y

SANTA B A R B A R A  RE S EARCH CENTER I - I s
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se l ect i on and d i sp la y  a re  a u t u n - t a t i c . ‘l O t’ d i - gr e e  of f i l t e r i n g  de~~j i’ t ’ d m a y  a l s o

be Sc’ it ’cte (I  n n t nu a l l y or r e m o t e ly .  ‘1 l i i ’  D V M  d i s o  h a s  1,I’ o V l S l ( i n s f o r  h( ’ I I

tiata output , I — Z—4 — 8  code .

I . 2 . 9 Paj~t ’i’ Ta pc ’ P u n c h  (F i g or e  1 — 7  1

A H eint’x H PS 1 075 p
~ o’ ’ taje’ pu n c h  i s  ti  ~ -d to r t ’co rd d a t , t  - I h i m -h  —

ing speed  d e p e n d e on (h i ~ f l o w  of d a t a  t o  he p u n c h  a n d  can  v i i • y f :’ t o u i  (I i i  7 f ~
row s j . er  second . T h e  t a j t i ’ is  fed  b y a n i n t ’ — p u n c h - - p in t a p e — f t - i ’d l l1t ’ c’ l i a t i 1 ~~Il i

that  o per a t e s i f l ( l t - p c l i d ( - f l t i y of ti>e ft - ed  l , t ) lt ’ s . All  n in - — pu n c h  p ins are cult ’ —

noi d — op er a t e d .

1 .2. 10 W a ve  A n a ly z e r  (l”i gu i’ i- 1 — 4 )

A Quant c ’ch Z44~ w av e anal ) ./ t I~ l~ p r ov i d e s  f r eq u e n c y  m i ’a s u r em e nt

ove c- a r a n g e  of 1 0 lIz to 50 k l  Iv, w i t h  a et - l e c t a b l e bandwidth of 7 , 100 , or

1000 I I ;~. The f r eq u e n c y  and m e t e r  d i sp l a y s , fl- et~’r ana log ,  a\v c’ e p a na l o t ,

beat f r equ e n c y  o sc i l l a t o r  (BFO) ,  and rc - s to re c l  s i gnals  are all available fr-tm

thc ’ f r o nt  pane l .

1 . 2 , 11 Pen R t - c o i - d v r  (F ’ii~c c - ~- 1 — 6 )

A B r u s h  r ec-o r d t -r  (~“ 1 o i - k _~6o)  is a s i x — c h a n n e l  a n a l o g  r e c o r d i ’i - u s e d

to r ec o r d  (inn’ varying analog da ta . Ch a n ’i e l  f u n c t i o n s  art ’: c h a n ne l  I - ~i’a v

anal y z t -r  out p u t ;  c h a n n e l  ~ — t e m p e r a t u r e  s e n s o r  I ; channel 3 — t t - rn p e r a t t l  i’e

sensor ~~; c h a n n e l  4 - f low r at e  mete r oui t 1,iit; c h a n n e l s  5 and ( a r , - not  u~~c- d .

Four  t ’vent  m a r k e r s, two on m a r g i n s  and two i n t e r ch a nn c ’ l , a r t ’ s t an d a r d ! ,

- V The m a rg i n a l  even t  n-i a r ker s  are activated by pushbuttons local cci on tlit ’ f r o n t

panel. A b u i l t — i n  1 — second timer op e r at e s  the  l e f t  intc ’ r c h a n m’l  m a r k e r . l0c

rig ht intercharinel marker m u s t  be op er a t e d  f r o m  an e x t e r n a l  s o  r e c - . 1’ . i g h i t

c h a r t  s pe nd s  are ava ila  b in :  1 , 5, 125 ii t in  / sec ari d i , 5 , ~ . ,  1 ~ 5 n~m u l v i i -t .

M e a s u r e m e n t  r a n g e s  are  f r o m  I my per  ch a r t  d i v i s i o n  to 500 v o l t s  de  f u l l

scale (50 chart divisions).

• 2. 1 2 C hoppe r C o n t r o l  (l-~ i g, u i c  1 - 4 )

The choppc r control unit p r u v i d  i ’ s j io’~’t ’ 1. to t i l t ’  ( 1 l 1 1 ’t I an t  — S p ( ’o( I 1

power and speed adjust to I h0 v a r i a b le  — Sp i ’(’d t o n i  r o l l i ’  r , and s e l i - c  L i en of

SANTA B A R B A R A  RE S E A R C H  CENTER 1 - I H
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i - i l l - t i -i ’  ( I i . ’ f i \ t ’ d - 5 1 1 , - i ’ , h s l t t i t t i ’r  o r  t he  v . i r i a h h i - - s J . ’ t - t !  ‘ ; I , t t t t t - r . I i  v a i ’ i a l i h . - -

S pt et i  U I i i i i i i i i ig ( i i i  c i i  I I I  Id L i  t ) i i  ) I r - j t i t ’n C ~ i s d1 - I ‘ - ‘ i i i  I , i e i i  I i’ t n i  t I ~ . I . . I 1 ,  v i i

I i  r i n u l : t :

V ( r .~~~. ~ I ( i . i p l o ’ r  O l d  1’- i i . t ~ ; ( “ h i - i -  ‘ p i n  R - , t - i i - - 1
~\lteI Ul.t tioti f t - t ’q i i t - i ~~ \ V - — ~~~~~  - —  - - - - - —

‘ i I , )

\ \ 1 I ’ L ’ t ’  N . . of ( l l n l t p ’ r  O l i t d t ’  S L i t  ~~t l :

• 1 . 2 . 1~~ h i i s ~~ .ej 1 d v  (l- ’
~~- t i r . ’ i - - I )

1 h~ c i t - t e c t u r  b i a s  s up p l y i s  a 5 — d i g i t  v o l t a ge  —: - l ’~ l a b ! e w i ’

\‘o i t a g e  r a o~i - is I) t o  -10 v oc  ~vj t h  a i t  ~t \ ’~’ r v o 1 t c : ’ I i n i i t e i ’  s t - I  t o  I D  \‘dc

I • 2 . 1-1 I ’ r - e r a m (’ o i t r o i Se,~ j p t - n c e r  (l- i gu r . - 1 — I )

1h~- Sc ’q u e n c t ’r h a s  the  f o l l o w i n g  J ~~~nt  pan -i  p r . n~ r~t i n  C t t i ) ~ r , l s :  t j ~n—

selt ’cl , di-], t ’ t & ’ su’ it c h e s , 11)0 th ’  uf opt ’ :-~~t i o n , pI ’ o L e a u -  r ’~~. i , l - . i t n o l , a n d

R E A D Y  i n d i c a t o r . A soy  — p o s i t O n M O I) E  ,Y.’i tch I > 0 ~~V 1 C 1 t S  t Ot  lo]lo’\

p r o g r am  se l e c t i o n :  A t T I O , ±1, +E , -1, -}~~, N ( N o i se  , , t n t j  SN -
‘ In

the A U T O  ii ode :  c u t - r e n t , v o l t a g e , n o i s t ’ , and  Sn 1 i a I  , r c ’  1~~~I 1 -  1 - l \ p l ’  o. I1’ - t t  i t t - b

on each  c ’ h a nr . ’t  s c a n n e d , DEL I- . I I’ , s wj t ch e s , lab - ti - cl 1 . 1’ . .\ , a nt :  ~~~~l i , a r ’

p rov i d ed f o r  d ieting a desired p ai ’ a n i : -t ’r  w h i l e  in I : .  A1 T ’t  U n ’ .al e . i~~

p o s i t i o n i n g  t Ot - mod t ’ swi tch  to any one of the ri’ue in~ - t ~~ c x  m o d ’ s , a

p r ogr a m  is a~~ai 1ablc ’ . The R F~fl-T .[ s w i t c h  a i lu ’ ve  i da -  p i ’ . g : - an i  ~ Ot  I ’ l ~11~~i -

na t  -( 1 durin g a scan cycle . Th e LOU KOU T s\Vitc ’1~ 1 1 , t p r o V i n  ~ d 1 0  P V \ 0 1

a c c i d e n t a l  
~~~~~~~~~ 

s t a r t . A thi - t ’ e — p o c i t i . n h i a s  s wi : .  h ( —  L I A - , N ) P  ~ L-\ l

and +BIAS) p r o v i de s  b o t h  p olariti es of b i a s  t o  ea c h  c h an n e l . - 1id-~S p i ~~~~’, i ie s

onl y ne g a t i v e  b i a s  P t e g r a l l i 1 n j l i g  per c h a n n e l . NOk~.~A l 1i rov id ~ ’t ;  b ot h  n t -g a  -

t i v i ’ and p o s i t i vi -’ b i a s  p 1 ) ~~rani1-iing pel- ch a n l ’l . O1.\ S }) r o \ n i d . ’s onl y o - °  -

l i v e  b i a n  p r o gr a n i l n in d  p er  c h a n ne l . Loca t e d  ‘,‘, i t h - in  t i n -  p t 1 1 t :t i- a - i  s - ~~ t a t e

are the p r e an i p l i l i c i  g a i n  ~~‘- ‘ i t e I t - s  f o r  si g n a l  ,cnt l n o i se  i - t a t  N -n - n I  a , a~~d

the di g i t a l  voltn i c’te r r a n g e  switches for 1, }- , N , and S r aw d a l . i  n i t -a st r i ’ i i  t -  in S .

I
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1 , 2 . l b  (‘t i n s e l. ’ l’ r t i i i t l~ .tn , ’ l (‘ on n t ’’.’ t i - i i a

‘lilt ’ f t t ] t o i i i t g  i s  a l i t ; t of t he  t i n s o l e  h u n t  p a n - I  c o n n i - c l i o n s  ~ n .i

t h e i r  f u n c t i o n s :

I-iL ’li;R Ut ] !

l~i~ l’~ \N ’l’ DLI

J27  W A\’ P ,\NAl~~’i’V, l- O l N l ’ l ’  I

j28 ANALOG I N P U i

1)UI ~1 I’ V A L V E  GAS SAJ- ’I~ J I \ . \ I , \’E

GAS 0U T L -!-:-l ’ GAS C ON N E C T I O N  ‘10
C l~ ~ OS’l’AT

El  I I  U N I  - i ’ O) N T  G1-~O U N D

J l  18 C h A N N E L  OUt ;  ~- ‘OL

T E S i ’ P L 1~ I dl - ;i -~~;

S A N T A  B A R B A R A  R I S E A R C H  C E N T E R  1 - 2 1
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I . S i- :o tl  i :  N i. ’ I- U t - ’ I_ I l  ‘i~:i~ ,- \ ‘ I  I i .  ) ‘\

J t e h i i ’ e i ’:euli ’. ,i l~ I :\l~~ i • ~, iil1 a i i l i I  hi  t b .  - c - , i i t I ’ r , l i i i ’ ~~j ” - i ’ . i t - i r

1i ~~ , i t t , i n  l I t . ’ l. i’ t p i i  i . . !  1 t i - .ig t ’ . t i i t  • ‘ n i r t t l  -~v i i e l t i - I -  - i t t . i i i i  t b .  t l . ’ ’ ; i i ’ - ’d ~~‘i - , t
~~

’

. ind i ’ : - t . i h l i ’ - l t  i i i , ’ d c - i t ’ , ’.! i ’ I i L H  t i l t !  l , \~ ; l  ~~ i i  j t o l i i t ’ , \\ l i , ’ i i  i i -  O l ’ \ I t \

1j 1 ; l i t  (l’’ig t i r . - I i - )  i~: i l I t i i t i t , 1 - - ’ l , t O i ’ • \ - : t - ’ i i i  I —  l ’ . L i l \  I . . ‘ t , t i ’ t  . 1  - i  .111 • \ I _ - V

.\ ‘; l I t . - -o , . i i n , i ’ - t , i r t  b u i l t - i t  n ; ,~~‘d t . ’~ i , t O t  ,
~~ , i i i i i . ’ i ’  t : , ’ l l , ’ ’ t  a I t - a u , - o t~~ i . l t ’ I .  V

po I ‘ . , ‘ I . .  t i . ’  ‘ ‘ i t  i ’ ,, I I t  n i t  IS. ’ . i t i . ’ m’ .’ i 1 , I ‘
~~

- 
~~~~ 

i t t  l i i  i t  I i .  a t i .  - - I . ’ . ‘ i ’ . ’ t  - i o n ,

i; , ’ ’ ’~~ i . i It t ’t i  D i ne - i’ - - , l a l t l i : - l t t ’ t l t o t -  i i i . ’  t ,i r , i n , ’ t i ’ i a  t o  0t t i i , ’ , i ’ a i r , ’ t t , \ I

M , — i. I i — a -  .!~ • i l i ’ l ’ i i i t  .i iiil \‘ l l , t t , ’ i t i , ’ , i ’ , ( i i , ’ i i , ’ i t t ’ Z _ , ,  ‘ ., , t i i d : :  I i ’

i I i , - , i ’ t I ’.’ l l i i ’ l t - . ~ ii ,I -
‘ a . - ~ e : i t !a I t t i ’  S : n , i I  t~~ , - d ’ ; u l i ’ e l l l t ’ i i l ’ ~ , \ i  l i t . ’  , l , i  i t 1 IL-

aitteg r a t i a Diii. ’ ). , a I ) V N 1  1 ’ N . \ L l , i - ~ t r i g g e r  i s  r , - u t ’ t i  I . ,  i l i e  l~~\ V v ia  t h e

i D ,  . ‘ t . h t i t ’ i i u : ’ t l u -~ t i m . ’ . t o n .  l i o n , t i l l e r , t n t !  i’ , t i g -  O l t t u l ’ i t d t i , l t  1 c

i I  I . ,  t i n -  D\ ’~~l . A t  t I n ’  i n .! ol i l i . ’ 1 l \ h l  t l i n t i : ’ i i i : ;  l i p , ’ , a I ’ r n i t  ( ‘ . i i l i l ’ ’ , t l : ,

~~ g - n ~- a ’ . t i . -d . ‘ Hi . - P r i n t  ( o i i i i t , i i t t l  i s  e o u i t , ’d t o  i i i . ’ - i ’ i ’ i . t l i : ’ er  ~vh , ’ r i ’  i t  I i . ’

.‘n iea  ‘S.’i ’ ) ; n t i -l ’ st a rt , M v  i t  i ’ t ’, ’ o l v , ’d , i  S t a i ’ t c i g n I , i !

c I i i  l i i .  ‘ I I I  , ( ~ 0 I 1 1 ’  ~‘l o l  a. a a 1 \V i t ! :  an  In Ic i n .t I ‘ I ’ . P a a !  - :  ‘ : . - : :  , !  : a - - aid a

in .  l i d u i t ; l I t ’ 1- ’ i i - s t  t ’ . - t t t t i n t . i r i i n i t i o u , v~.I t i t i e t . ’r  d i i i , nd . 1 , 0 0 1 , ’ ! c L i i ~~.

\\ h t e f l  l i i ;  ;, ‘ . t i , i i  i S  .‘e i i i 1t l . ’ t , - , t i l e  5~~ l i , t I t i ’ i ’  l ’O l t i i ’S  - l ; t , ’ I ~, i  t - m p l - ’ t . ’ u t :

n . t l  ~ i n - i t  i t  I to  a i’ .. i - i  v . !  .i Sc ‘ i u i t ’ i - \ i t  - - ‘ i i  in  a l l  I r e t - a  l i t ’ t ‘n t  i ’ - ’ 1 i i i  -

A t t I t ~~ i i t . ’ i i i e l l I  ot  l i w i ’, l ’-v , t  ‘,i  i , ! h ~ l , i  t ’i ’ ,t l l o f l ; t i t ’~~
-, t i t  I ’  h i k . ’ ~? , t .  . ‘ . \ \  l i t ! . -

t I n ’  ‘ ,.  , i O f l i ’ r i i i  Va i i  i - u  I ’ .  t i l e  ~~~
,‘ -\ I • I i , .  i i t i i - 1  . u i u t  i t O  i t  ‘ t i  ‘ i i i  I j a it  I i . ’  i t  ~ t - ’ t l . ’

‘ I , i s u i ’ i ’  ‘ o i i i j . h i - i , - guil t. ’ . t i n -  t a - n i . i l i . ’, i ’ i ’  i s  .- o u n : in ~’, u l . i t , i  I . .  0. - a’ .- . t ’ i . h ’ . l  i v  t ! ’

i .lpo 1 t ~~ i i J t  .in I t i n- pi ’iu t . ’t ’ , i’ e ’ c i t ’ i i n ; ’ i i t  , i I l  t , t t . i  t ’ - . in i - I ‘ I t ’ j ’ i ’ j t t i ’  t o

t h e  ~- o l t i i t , - t o a ’  cein ;’U-tin I : .1 ip, ’,u u:u r ,ntut ’ait , tO. - 1 ‘ i t t  . ‘ i i t i i t . t i t . i  - ; I l u i ! ’ I V  t a t  t O . - ’ ;

the :i ’i ’ tah:’,.’l’ t o  i t - i l  . u i ~~ i i , I f , I o \ ~, \ . i , t I n -  t o .  , ‘i ’ i ! j i t t  0 p i t  i t i t ;  ‘ - i i f l  i t t

i ’ ;  w h e n  t i n -  l i i i  i t t  ( t i l l  i i  i i . i t . t l  p i v  , ‘i i , I i i i ’ s - i ’  - I t  .‘ ,- i ’  w i l l  , ‘ t , ~ i’ i’ i i i . ’ I i i  i t t

C. . i i i i i t . l  ni l . V.’ l i e n  t h e  r e ,  o ru i i i , ;  p r  ui  i - i ;  a a c. ‘ i i i !  t l  el - t i , l i i i - i t  l i i i ’ , - .! } ‘ r a  i t t  • . . T t i  -

ni ,and i.t ’il ) in - t i t i i n - t ’ t !  t a t  : :v i i c h t i ’ . . i t i ; ’ , i t i t i i t  w i t h l i i i ’ o - i - i . i l . t ’ , i ’ i ’  • I - n I. m d  , i

. - t ’ i n p t . ’t . ’  s i p n ’ i I  w i l l  t i e  j - ; ’ : u n ’ d  t o  a d v , u a i . u ’ t h e  ‘ - , . i i t i i ’ t ’ , I i i i ’ .i l ’ i t v . ’ ~~i’ ‘ ‘ s

t ’ u i i t t i i t i i i ’ t  iuti t il a l i t ’ l i i i ’ i _ a c t  .‘ I i . t i i i i i i d  i i i -  I t t - e n  a’ , - . - .u- , i , - t i , .-‘. ,  i : i . t t ,  , . 1 i i ’ t ’ ,i l i i t i i

~~i i l l t ; . - t  t . - . l  . d t i - i -  i - a i ’ i l  i’ .- c . t ’ d . - . I  c h . u i - t i t . ’l  ~t t  i l , i t . l  t o , i - ; - - u i ~~n p  ,t u i - r i , m l n - . - r l , . t ’ t

I ‘ i i  i t t  I t :  i i i  -

S A N T A  I 1 A R U A R A  ~I S L A R C I 4  C I  NI’ F h  I
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4 GAS PANEL (CRYOSTA’i’ T l”.Sl ING)

1 .1. 1 TOt ’ (h i s  P a n t - I  (F i g u r e  1— 5 )  is usi -d t i m  p r o v i d e  a st -fli r t . ’ of Il i g i l — p r u ’ s —

t s u re  f r e o n — I ’ !  to  opt’  i - t i l e  t h e  l ) r a g on  d i ’ i i t a n d  flow c ry o- t~i l ~1~in ’ l” l’ t ’oil - I i

ga .s is supp l i e d  to th t ’  sy s t t ’r ’~l b y a p r t ’ss u r i ; ’ .-d b c t t t i t ’  ( 2 _ o t t O  p s i )  i u ,’ a t e ( I  a t

t Ot ’  r e a r  r i g h t — h a n d  c h i c ’ of t h e  I ) r a p . t n  Ti - s t  Set  ( ‘ on s t u l i ’ , ‘i h i s  h u t t i t ’ f t - i - d c

the  AM IN ( ’ u ( o l t i p r e S s u r  v, ’ l i i c h i  f t t t ’ ( l i t i’ p i’ i ’ s S u r i Z t ’ t ;  t i~. pit s l i i  00001  1 0 0 0  p_
~
j

b e f o r e  i n t i - a l u c i n g  t O , - g:~~ i n t o  the  (hi s P an t - I  [or  r u ’ g t i l t t t i c t i ’i . l i l t ’  A M I N ( O

— C u i i i pr e  S so r is ioc a ted ion the  r i g h i t  — hand  a ~d .- , .iutIma rd of t I ~, I )  r a g ,it  ‘ I t -  s 1

Set Console , The  Gas l t t t n , ’l p i ’ovj d ’s  tlirec ’ O t i s i c  f t i n c t i t t n s :  I ) a c i t t u t t i a t i

c on t ro l  of the  A i \ ! I NC()  (‘otnpicssor to r e g ’ i l a t t - t ii. ’ i n pu t  g ;t s p e e  s s u r e  hi - t i l l

4000 to 6000 p s i ;  2 )  l i L  r a t i o n  and d r y i n g  of the  p r e s s u r iz e d  g as :  and -~ I p r i ’s --

s U r e  r e g u l at i o n  ~.f t ! t .~ ga s  f o r  c r y o s t : tt  o p e r a t ion .

The Gas Panel  c o n s i s t s  of ~ c on l 1t r e s s O r  p s i  g a u g e  wi th  a d j u c ’ ;bl t -

e l e c t r i c a l  l int  it s e t t i n g s ;  t\k ’ o C i re  1 ’  s e a l  r e i i c ’ f  v a l v . - s ant! one Al~l IN CO

blowout v a l v e  f o r  s a f e t y ;  an inpu t  p i e s  cu r . ’ r e g u l a t o r ;  c h e c k  v a l v e :  r i  s i d u a l

tank and d r y .-r ;  outpu t pros su i c  r c - gu l a to i - ; so l e n o i d  va lve , cry staL psi g a c i g e

and an out put  m a n u a l l y ope rated d u mp  v a l ve :  i ts  wc -l] as ~‘a r i o us  s w i t c h , ’ and

d i s play li ghts .

1 .4. 2 The pressurized Freon— I - I  g a s  f ront  the,- c on t pr t ’s sor  i s  m t  r o t I i : c -d

into the Gas Panel  t h r o u g h the  g a s  i n let  f i t t i n g  and is app ] i ccl to tO. ’ C (it ’l l  p r i - c - -

sor psi gauge . This gauge di p ay s gas  i n l e t  p r o s  su et ’ and  pi’ a v i d  -
, s a i t t u n t a t i c

con t ro l  of t he  c c)mj )r e  u; S or b y tO.- liv a dj u s t z t b i u ’  l i m i t  ~ v ’ i l  c he s. Tb.’ l i n ’t i

s w i t c h  c o n t r o l l e d  by t h e  r o t a t a b l e  a r m  i t ea re s t  [Ii , ’ g au g t ’ í a  the  U P P ER  I Iii ! l’l’

swi tch  and sl’i t t u i d be se~ to a r o u n d  (i000 p s i . \\ h u ’ n the j i t ’es  sO l’ e intl i c, c t o r

( > e  et’d a the ~ t ’ t l  ng of l i i ’  U P ]  ~~~~ Llb-ll ’[ sv j l c  I , l iii’ C O in p i ’ . - s s o  r s h u ts  o f f

and the c o m p r e s s o r  OFF d i s p lay i l l u m i n a t e s . If thc ’ co n i p i - - s s or  ON d i sp lay

is li ghted at this tint .- , the  R E S E T  IIOLJ )IN G i- i - l a y  s w i t c h  sh o u l d  be l l i i ) n n - f l  —

taril y tO t- own . T h i s  r c s i - t s  t h e rl i sp lay li g h t s  to t h e  c ’ t t r r u ’ - t n l , a i t ’ ~ f o l n ’ r , m l i t t f l .

‘rh~ RE SE’l I J O L 1) IN G  i’ . -l ay  s w i t c h  w i l l  c n l y 0 11.-ra t . -  if  l b .-  d i i i  p i ’ ’s s t l r i ’  i n —

d i cat o r  is  at, a hi gher ;‘rt ’sucul ’t- thu -n tin’ U 1 ’ i ’ E R  l l ~’. I l T  sw i t c h . R e g a  r d l s ,’s a
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of ti lt- li ghts , l lu\\ ’ ,’ v.’ r , tO.- c o t  i l  i m r u -  5 5  t t r  ~v i l l  i - t I i . i t  o f f  i~h i e n e v  e r  l i l t - pa’ .’ 5 S i t

i n d i c a t c , r -x , - ec ’du ;  LII . -  s e t t i ng  .f t i l t ’  I I  P I E R  L I 1 ’~l O 1 ’ s i t - i t c h .

‘I hi ’ l i t ’i i i l  si’, ’ j t ~’h co ot i’ o l l t - , l  b y lii . ’ i’ot ,t t a b l t - i i _ i l l  I t u  i t h t u ’st  f ro m  l i i , -

g a u ge  i S  L i t . ’  LOW i - i ~ 1 1M1’l s \ \ 1 i c ’I )  and O l l i u l i l  he  S ot  t t  3 51J( p s i . \~‘h u -n  l I t . ’

gau g u ’  pl’ e 5 s t i i’c’ i n l i c a t u ’m r  d r op s  b i ’lo~v t h i s  l i m i t  u; \\’itc ’Il , t b -  i l i l lp r t ’s u i t r

s t a r ts  i t n d  r e n~ ai~~ ’t t a t  O } t t I ’ O t i O ; l  u n t i l  t i l t a  j} ’1’1-~R LI~~t l  P s a u d i  i s  u - x c - t - ; - u h , - c !

l)y t I f l -  p r t - S s u r e  i n d i c a t o r . T h i s  i i i  t i c d ’ o n lp ~t n i ~ ’ u i  b y t h e  ( ‘ c ) l l ip r . ’ss o r  , ) N

V d i sp lay  b e in g  i l l um i n a te d . If , f u r  soal le  l’ c a st ) n , t O , - t!~~~I 1)l’t ’u ; S i t t e  u 1 l ( l i - , ’a t . ) i ’

d rops  !: lo\v t i le  1.0W ER LU\ ’l IT sw i t  c l i  wi l  b o u t  t i l t ’  i 0111 ~~Ct ”  550 1’ 0 N i i i  5

b e i n g  j l l u n ’ t i n a t t - d , th . - U P P E R  Ll1’~1 rr s w i t ch  and t h i . ’ LO\\  El  1 1 ~\ i I l  ~i’~’ i t c It

mus t  be ro t a t ed  b e l o w  t h e  il Ls ! p r e  Sa u l . , - in t l  i c t i t o  1’ a nd  t i l t - R ESl’ 1’ 110 1.1) 1 ‘ct;

re lay sr -h e  h m u st  be t o g g led . na.’ UPI - 11c1( L11\IFJ’ S’ei  L e O  mu at  t h en  b , i’~~
- —

t u rned  to the 6000 ps i  s i t t i n g  and the  L()W ER LlI’. I IT  s w i t c h  I t  ~I i c ’ 35 ’. 0

Se t t ing .

‘Ihe c o m p r e s s o r  ON/O l l i ’E’ s wj t ~~h i .i’ o~ ’i c1es a i i - . i nu a l  O V t ’ r a l t i c ’ t o  i l t ’

Com p r e S sor psi gaug e 1
5 a u t o m a t i c  coot i’ol j u n c t i o n:; . \\ h en  tin a s w i t c h  i -; i n

the OFf- ’ POSition, th e C orn p re  as  or wi l l  n o t  s t a r t , r t -~,’ t  r d l ’  ss of I I t t ’ h i g b t  a ,

This  swi t ch  nm st b t -  t u r n c - d  (1ff w h e n  t O , ’  up . ’ r a t e  i- i t - av e  s t ile  C OP ~~~~~ 1.- f o  a t i n y

reas  on .

Two s a f e t y v a l v e s  a r t -  provic i  ta d ; ; f i . ’r  the (‘ 01 1 1 1 )  I’ e S Si )  1’ ~) Si  ]‘ a t i  gi’ ~t itd

are located  b e h i n d  the f ron t ’  p an t - i . The  ci  u ,  1 , - sea l r t ’l i  (‘1 v a l v e  N i , I i ,s i t  ‘ ‘0

to vent  tile conipr essccl  gas  to Zitrrt ( l sp hel’ t ’ if  an m I t - I  p r t ’ i s ur ~’ - f 70 0 ( 1  p s i  i s

exc cccl c -cl , The 01 o w o u t  val vi’, b c  a ted  h i t  mdl t i l t - fu  ol lt  In  f i t ’ ! , ]~ as  a i ’ u ~ l i t r. ’

d i s c  set  1:o 8500 psi  and w i l l  v t -nt  t o  thu  t t l u i o s J ) h e r . -  if t h i s  i n l e t  p r e s su r e  i S

e ,x cei ’ ’h -d  ais! the relief val~- t ’  i s  n o n — o p e r a t i o n a l ,

‘l’he Input  I’r c ’s s ur m ’  I U - g u i l a t o r  ( R c - g u l a t t r  I ) p r i u v i d i ’ ’ ;  t h e  i n i t i a l  1 t r . - a —

sure regulation in t h e  Gas Panel  an(l s h ou l d  be se t  t .  ~0O() p s i  \\ ‘itll tb. I) ’gu i -

lator I outlet pre sit re g a u g t - .

Whc ’n i n i t i a l l y Pi11’f lP iT iO L i i )  t I ~.’ Sy S t t n f l , t h t t ’  ()uit 1)Li t pl’ u ’ S S t l l ’ o p 0 1 1 g . ’  \‘, i  11

take at l i - a s t  30 rn i n ut c ’ s t o  r e g i s t e r  t h i s  j t r t ’ s s u r u -  b - ,- .t uu ; i ’ t i n ’  i’ .-~~i i I ~~,t l I . u i i k

and d r ye r  t , l’, t ’ s  t i i i u t -  t o I) . b r o u g ilt L i p  I t )  , t r i ’ c s t t i’ i ’ ,

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  I
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A t h i r d  s a f e t y  f u ’ a t u i r u ’  i s  a , l c I t - d  to t h i ’  s y s t t ’ t n  b y t i n ’  i’ i u c ’ I i -  s, ’al

ri - l i d  va lve  No . 2 p a st  t}i. J~~1i u i t  Pt ’ .’ s a n  i- i’ R i - g t ; i a t o i ’ . Th i : ;  i ’al~ ’.’ i s  c u -I

td )  Vt ’  lIt to t l t t  o ut s  i t !  e if thu. - ott tie I p V t ’  s st i  r e of R ~‘gii  l~t I t t  r I ~~t t . - S i t  h ) )  \ ‘ , -

‘100( 1 p s i . ‘i b is  i s  I l i ’( ’ u ’ S S . i  t’y bet -au  a ’  t h t ~ r u- i- ;iclua l I c t i t k  and  d r y . - r i s

r a t e d  at  4 S O t )  1 t s j ,

A c h e c k  valvu’ is p l a c e d  in tiic- - ty st . ’ t i i  h e i r s - t n t i l t ~ i’ e h i i ’ f \ ‘ a l \ i ’  i . - ’ , 2

an d I  t h i ’  r o s z d t t t i l  t , i n k  an.! ci i ’y er  to p1’e~ ’ t ’n t  a h o L V ’ Z t S l )  of 1) i ’ t ’s s ’d l’t ’ f t- t i l l  t i t t ~

pt - s s t i r i z , - c l  t a~~l, if  Lii. ’ i n l t a t  p r . ’s s u r e  d rop s  b -bor’ lii.’ h o l d i n g  1t r , - S s l i r t a  of t i n ~

r c - s i d u a l  t a n k  , in d d !r ’e i ’ .

I ’ m . ’ i ’ - t ’ ; i , t t ; c , n  of p r e s s u r e  i S  rc’c~u i i ’ t ’d i i i  i i t t  S e C  00( 1 p a r t  of l it , ’ ~~~~~~

l i i :  I r ed 1u it - it - ~ c t , t i s t a a t  p r ’ s su r c ’  s o ur c e  to n i a i n t , t i i i  t h i s  r - g a l a ti o n . ‘I h i t ’

i’ ’ ; i d i i t i l  t o i i l i  and  il i’y t ’r  j a - r f o i -n i s t h i s  f u f l c t i o n  a -i “ i’ll as pt ’ o vj d i n p  f i l t i ’ d t i  a)

U t 1 dI t ’ v i l l g of t i ,  gas  b e f or e  h a ’  gas  i s  z .pp l i . - t I  to t h t t  c- J’yoSt~ l I  An ;L n a l n : l y

~~
- an I, .~ d r a w n  b ’t v , t - e n  t b -  r , ’  s i dua l  t ank  zinc ! ci ry  ci’ and a ca p a c i t o r  in an t i c- c -

t i - i ~ 1 p tw . ’ r c u p ; l y .  Tb , -  d r y t -r  p r . ’ s c’n ts  a r i ’ l a t i V t ’l y c o n s t an t  J11’ i’ ss i t l’ t ’

S t  r~~.’ I t )  i t s  load and ti l t ’ C apacit :t r p~’e s i - I l l s  a t ’ ela t i v . ’l y c f l f l S t t t llt v o l t~ t ) 1  t’

sout ’  e to i t s  1 , ~~d , Tb , - i- e s i t l u a l  t a n k  and c i r y t ’ ; ’  is kept  ‘ c i l a t ’ g c d ’ ’  at. t a t - t a x i  —

- , l i n t  - lv  1( 0 0  ~is i b y the  Input R e g u l a t o r  and , due to the  small flow r a t - ol gas

t h r o u g h t lit ’ sec- tncl p a r t  of the  sy s t ep , ‘‘d i scha r gc  s ’ t h ro u g h a long  ti ;t

con at  ant .

The Out put  l -’ r e  s s u r e  R e g u l a t o r  (Ri ’gu l a ter  2 ) p r o v i d u ’ s a n it ’s  n c  of

f i n t ’l y a d j u s t i n g  the out put  (t r y o s l a t !  p r e s s u re  in 1h~- system . iloth this ri- go—

l a to r  and Ii c-gui at o r  I a r e  s e l f —  clun1 1) lng r e g u l a to r s  w h i c h  do not  di ’  p t -nd  t fl

gas flow r a te  I t )  a dj u s t  th u- i r ou t l e t  pee  s Su re  in t h e  sy i i i  t n ) . TIl i ~ .1 lows a

c c - r h - - i l l  p r e d e l i ’ t ’ ; t i i n e d  j r  a su rt ’  to  he s i t  a t  t h e  i np u t  of lb . ’ c r y o s ta t  b , ’ f o r , ’

the so lenoid  v a l v e  allows gas f low to proceed throug h th e c i’y osl a t . Th .-

op e r a t o r  should  a dj u s t  tOt’ Output Pr it s sut ru- Regulator according to t he  t o i l l u ’l

p r u -  s SO Fe g a ug i - - on the  r i -g o  lato r b e fu  r t - i i i  l o win  p g i t  a f l ow Ii )  r oug h t h e  r .’ i t  ‘‘1

the  it y stem.

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  1 - 25
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‘fbi’ soli -ntdd valve c ut s  a s  a s w i l t - i t , ,u l l . i w i u t p  u ’ j t i l i ’ 1’ . t t l l t , i S j ) h l i ’ l ’ l t ,’ 
“~~~‘~~~~ — —

stir .- or Ga;; i’ i_ mia.’I p i - e s a t i l’.’ to i ) u ’  ;u pp l i .-ui t . t (l i t ryt.s tat . l it ,’ ‘-;ol ,’i toiul

v a l v i - i s  (- t ) n t r t ) l l u ’ u I  by u t. - r y o s l a t  p rt ’ ;~;uI’ e S r ’ i t c - l l  I t t .  , t l , ’t i  , i l l i t . ’ h t t r ’,’r t u t u ! -

(Iii’ ~t f  ( l it  (~tca 1” iinc ’l . ‘I’ll,’ i - ’RES SI _ J R i -  ON a nt i  p ldcSStI Id- :  O F f ’  i n d i t - , t t t u-~;

p r c w i d i ’  t ’a s y  V j S U U J  t i t ’ I i i ’~~t i o i i ; of t i t ~’ s l i t . - t t i  ( i t t ’  i t t i t h t ’t pI ’ c ’ s S l l t ’ t’  t t ’  l i i . ’

c ’r y u st a l  \~~il.’ il t i P s cr’ i t i b  i S  i f i  ti p ’ i’)N 1 t t t s i t j i u n , i i . . -  s t i i t ’t)(il (i ~‘sh’~’ ‘, . - t i i i ) t ’

i -n. ’  rg i ’i i ’ d i l l o \ \ ’ i n g  t i l e  pr . ’s s i t~~e [l’ ort l l i t ’ - , t , i t l t - t  j i a t ’t a l  R e g u l a t o r  2 t o  I ) , ’

aj);)ii c-ti i t ,  t h u ’ t i’V , t s t a t , ,

l im e  t r \ , t s t . l i  ps i  g a u g~’ i s  a c t i v e  c rt l y W i l i ’ f l  t i i , ’ SOl c’ f l c )~ ( i  \ s l V u _ i s  t ci I -

val i ’d ant i  pi’ . tv i ~~ t ’ s  ‘in o c c u r a l -  \ ‘ i5t i~ll  S t  a l e  f o r  f i n e  z i c h j u i ~~~t i i i . ’ t i l s  of  r v o a t u t

p r e s ;t u i ’ ’ d u r i n g  1, - s t .

‘J’he I i i  S nu d h  l y .,~ a’ rat i’d d u mp  v a l ve  is lot ’ at ,-d to tb .  l e f t  is! ad au ,~ 
a -

C e l I’.  to the  Gas  1 ~U f l t ’ I and a l lows  pr c- a so i-i  Z ~-d g as  t o  flo ’~v fr u i ’n tb. ’ C ’,a a I ‘, t i ;  isl

outlet c o n ne c t o r  t o  tb. (
V r v c ) s t a t  as sen’tb l y . T h i s  vs lv, ’ is  i n s ta l  it ’d! t ci i l t O l o ’

a b se ht t e l )- s u r e  th .~i no pm ’ c’ss’.l r c ’ is app l i e d  to t i l t ’ .- r v o s l a t  l i t t e  ~ ‘hcn c l i s  -

c o n n e c te d  f r o m  t h e  t r y o st . t t  ; i s s i ’a.i ’ol y .  l’o ob t a i n  a cc , ’ss  to ‘.1;. - g a s  ~t u t lu -i

connector , thi~ opt’ i’ator lifts l i l ’ -  vs Iv. - l h L i i ( i i t ’ s i , i  i -ic! c i i  r r ou nd  ing  t h u  con  -

f lec tot ’  w h i c h  ac t  i v a t t ’  s the d u m p  V S!Vt ’ , \‘ t ’ iii ing Pi’ t ’  S Si t  r , ’ i i i  t h e  l i n t ’ to t i  ,

a t n iosp hmc ~ ri ’ ,

W hen  ci i sc on r i e c t i n g  lh ( -  c ry o s t al  ga s  in let  l int ’  at l i t . ’  c t - v o s t a t  S S S i t ) )  —

bl y, tlic’ it 1 a’ ra to r mU st vi ;;  ita I ly c h e c k  t h e  c ry  it t i  at i r i t a  sort ’ SW ti’ ii and i i ; .  -

P R E S S U R E  OF1-’ m i  cat ’or L i )  assu  V t ’ t h a t  (h a  solenci ic l  v . u l v e  is \‘‘ ‘i l t c Si I t t  t i l e

a tmosphi -r ’ - . ‘I’hi’ o p e rat o r  m u s t  a l so  c h t ’ c k  t in ’  c i ’y e a t a t  p s i  g a t t g e  t o  i t ’ ’ ’

t ha t  t h i s  g au g . - ru - a l l ; ;  z e r o  p s i  b e f o r e  a c t i v a t i n g  t l t , ’ i I t t i i t ~~ \ ‘a I\ ’ .’ by j t L i i - i i i g i t

i i )  t h e  l i f t  t ’il pus  it  i o n .

Thi ’  o u tp u t  gas flo~’,’ li ’oiii tip- c - r ~~
- , , - ;t a t  i s  i ’on n t ’c ’t i ’ c i  to  a fI tu~ ’ i i u ’ t ’ ’ r

located on a c a n t i l c ’ver . ’d s t a n d  , .t t a ch ic ’c i  t o  the  1- ig i l t  a i c l c ’  of t h e  t e s t  c t t n s n l i ’ .

The f lu ’t’,’ rn , ’ l t ’ i ’  d i a l  ;, t ’ i i i t u ’ r  i - i ; g a g . ’’. ,i 1, ’ t i ’n t i r i i a . ’ l , ’ i ’  ; ; l i ~~h t  ( j . . i  i ’t  of  t h u  f l t t a ’

t i i c ’t ’ ’ i’ (- ont r , . l )  I j i t ’ l i ( I i t c t ’ i i  ( l i ne  ( I i s j ’ i - i y  on p en  i’ .. . , i -W ’ i ’  c h . u n r u i h -1 ,  1 l i i ’

f h u ) \ ’ -’ r , u t - t u ’r  an t i  t i m , -  t~~I l ) ’ d ’ - p i - n ( l e I t t  v a t ’ ’i ; u l i i e  i n r i l .  ,u t . ’ . i v t  r ag . ’ f h u i w  i’.i t u ’

rn i ’a st i  r t n n ’ ’n t
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St’ctjo~ 2

0 1’ i- H A T I U N 1’  R () (
‘ I :  I )  U H 1-~

2 , 1 G E N E R A L

HId Opt ’ r a t i n g  Pl’ t i c  ed it i’ .~ f . i t ’  t i n ’  ,S:% i i-: ‘1’, ~~l ~~~, - t CO s ta  V i  bc ’ S t ’ c i i i i i i  1. ’ i ) t

u s a g e  il l  t u ’ S t i i l g  t h e  d e t t -c t t n ’/ c - r y o s t z t t  a s s .’i i i b l y .  In st I ’ i i i  t j , t i i s a re  p i e  st ~n t u ~t i

f r o n t z i s . se r i i b l y on the  c rv ;t : -;t a t  u l i o u n t i tg  f i x l t t r . -  t o  t i t i ’  C o I i lp l . ’I i o l i  vi a

s c a n  o j i t ’  r ,~t t  t o i l , fli.; sy at ( f l )  U~~ Ofl r e t , c i v  ing  it i ’ l  AR 1 c ( l i t )  i t t ,m d  w i l l  sc a n  l i t . ’

ch a n n u ’l a se l e c t e d  once  and s top a u i t . . i t ; a t i c a l l y .  ln s t i ’ t t t t i , t a s  j i r e  a l s o  g i v e n

f or  l o a d i n g  of the tape punch  and p l ’ i f l t i ’  1’,

2 . 2 I )E W AR/ C RY O S ’f A ’l  OP E R A  l ION S

Pos i t ion  the  cle~va r  /c r y o s ta t  t ) t i  th i c ’  IC’ at set m ou n t i n g  f i x tu r i ’  ~v~lh
the l o c a t i n g  h , ) . ’ ifl o r i . i i t , t t  eu  w i t h  t i u i  b lack  do t  on t h e  t e s t  a t

2, B e f o r e
’ 

p l a c i n g  the  do  wa r in thu  m o u n t i n g  f i x t i t  r .- , is hc ’ck t i u t - P
V • s u p p l y fo r  0, 00 vdc . St - c u re  t b -  d e’,~’ a r / c r v t t s t , t  t i  the  n ; , ’u n t i ; ; ~( f i x t u re  a f t e r  a l i g n men t -  ha s  ht ’efl as  a . ;  red . At i  o i s h  the  sUfl !)U1’ st  i i  ii -

nec tor  to the tt ~ at s’,’t i n t e r f a c e  -ab l . ’  - N o t e :  A b l ack  do t  c l , - n , i t t ’ s
tile n u t i ub e  V one end of t h t i ’  f i x  to r e

3. C o n n e c t  the c r y ost a t  coo lan t  l in e  to t h ~- te ~ t se t coo l a n t - Sii j )~ ;i y
point , R cmovc ’ the do at  c OVu- r f r o m  t ile b la c k h od  y p o r t  z i n c )  p t t  ci  I i
the d e w a r  ove r the  p o r t  o j t en h u i g b y t n t -an  s of the  X - ~~

‘ d i  vj ( i  u - r  i u , ’ , i ; i .
R a ise  or lor’t ’r t h e  f l t c ) u f l t i n g  f i x t , t ; i ’ .’ It) t b t~i z n  t ! t c - d e s i i ’ , - . i i i ’r a d i a n c , ’
leve l  by n i t - a r t s  of the Z d i v i c i .- r  h i - ad . Si- c i i ’  r a d i a n c e  .‘q.l~t l i n a( (Table  2 —  1)  f o r  c orn pu t i  :ug 11 as a fu n c  t in of p at h  leng th ( L ) .

2 , 3 TEST CON SOJ f ;  )~ lE S T  0) ~- R A ’J ’I O N S

Set switch S2 loca ted  on l b ,  Power  P a n e l  (I”i gu i- c - I — 7 )  t o  ( l i t ’ ON
p o s i t i o n ;  ti tu ’ in dic ator l a m p  in t h e  RE S 1- ’i s w i t c h , Si , w i l l  i h l i i i u t i -
n a t i - , T h i s  i n d i c a t u ’ s t h a t  t ic  p .~wu ’r i ; ;  a p j t l i e c i  on t l t t -  r a -._ - l ~ t , i i ’ i f l i ’ ,  t . . t ~,

a l t h t u u g h at’ p ow e r  I t )  I I ) . ’  i’ i ’ t l t d u i I i i )  .a ) i l j 1u t ) ; t ’ n t  i n  l i t , ’ r a t  1’- h ; , ;  n u t
y e t  b i ’en app l i e d . W lp ’i t  t - , ’, ’ , ’ i t t hi  SI  i t ;  ac  t t l , t t t ’ ( l  W i t - i l  52 or< , l i i . - i~ , .  i~.
powe r i- i - l a y  w i l l  t t t - ( u a t -  v i a  ( Ia ’  tl i o t i i ’  b r i d g . ’, i~O \ \ E R  ON i t i t i t . - , ,  -

tor 1)51 w i l l  i l l u m i n a t e , , i nc i  po~~~u - i ’  w i l l  h.’ . up p h i i ’d Li ) th~ ri ’iui , u i n d ’r

S A N T A  B A R B A R A  R L S E A R C H  C E N T E R  2 - i
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SBRC - V

of t l te  i -qu i p i i u ’ n t  r a c k . At t h i s  t i n , . - , l i i i ’ R I S E ! ’  t i ; 2 t ,  ,, i , , i ’  i r t

~ \vj t t ’li  SI ~ ‘t ll . ‘ x t i f l g t i i a h l . At h i t ’  S a I i ; i -  t u i u i u ’ , lit . ’ i - l a p - n - t i  u n i t ’
t t i e t t ’ r , D i l l , i i - j i i  l’ i ’ c t ’ iV e a t ’  j t t i i i ’ , ’ i ’ . i , ; ! t i t t l i t  a l t ’ i i - . - t ’ , , , i ~ t i ~~~i

t ’lap si ’u i  o p e r a t i o u )  t t i t i u ’ , ( ‘ l i i ’ ,  I~ tit ,i I , u l I  t i i i i i p t i f l u ’ I l l  ‘ ‘ - i t ! c’,’,’ j t t i u , - s

a re in  t he  ()N  p o s i t i o n .

2 , la ,)a( i  liii ’ pa pi ’ r ~~i_ t i ~I t a  h as t i t i t  I j i u t ’ u i  i n  ( a l  i i )  r a t  i . n  I ’ t ’ ot ‘ ( i t ;  in ’ , Si ’ . —

t i u ) f l  3 , ~u~u i’ i i g r t ip li  ~~. K .

~~ . () p e u i  d O t ) l t u t ’it  b o t t l e  s u pp l y v a l v e . Fri -s’~ (‘0~’.i1’ I I ’ .  , u l t ’t l ‘‘n I L -
is n o l a n t  a ti~ip l y p au ’ii’ l . 

V

—I . t\d~ i u s l  C i ) i l ) 1 > l ’ I ’ S S t l I ’  p r t ’ i - ; su r . ’ g i l i g ’ up } t t ’ I’ t t ’ i j t  1 i ~~t i i t t  t o  501 ( 1 p 5 1 1

and l o i t e r  t i’ i 1) P o i n t  to 380 1) }) S i S ,

5 . A d j u s t .  Ru’gulattn’ I ou t Tle t .  pu’ e c su rus t~ > 3 ( ’ ( ’U  
~~~~~~~~~

6 . Ad just RegtIIatou’ 2 OUtlt_’t p r e s s u r e  to ‘Re)) p a l s  f o r  i n i t i a l  l , ’’S i n ~~,

Addi tional p e t - s n o r t - s e t t i n g  r ; ’t lu i r en ) . ’n t  a art ’ c i i ’ a c r il i . ’ci l , t t t - i ’  i n
t h e  opt ’ r a t i ng  i 1’.) c i’d or e

7 .  Ensue .- that CR Y O S T A T  PR E S S U RE  g a u ge  r t ’ t t t l s 0 
~~~

8. T e s t  si ;t  f r o n t  pa~’i c’ l c o n t r o l s  and sw i t c he s  i s s e t l  1 ’ r  s i ng li ’  - 5( - , t f l
‘ opei ’a t ion  a r e  l i st e d  in ‘rab lo ’ 2 — 2 , Sing le — Scan O pus i ’ i t t i ;t r t  Ga d i ’ .

‘I’ able 2 —  1 . I r r ad ian c’e E qu a t i o n s  fo r  \- z t r i o u s A i t t ’ r t i ;  cc Si ~~~t ’ a

1. 0. 400 -- INCH A P E R T U R E

Hr rns  52 10, 0 1( 132 . 25 + 231 + 1 2) IN ~w / c i i i 2

2. 0.300-INCH APERTU RE

FI rms 3006.7/(132,25 ‘~ 231 + L2) I N  (1W/Cu u) 2

3. 0.200-INCH APERTURE

t1r m s 136&0/ (132.25 + 23L + L2) IN ~iw/ c m 2

4. 0.003-INCH A PER1URE

Hrms 0.3 10/ (132. 25 + 231 + 12) IN ( 1w/ cm2

WH ER E:  I DI SIANC E rlw’ -l lAD! I R NC
TO DET E CTOR IN INC I-ILS

NOTE: DISTAN CIV FR OM APERT UR E TO
TABLE RING 11.53 INCh!! S

- I S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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SBRC

‘l a h I , ’ 2 - 2 . Sir i g I u ’ — S e -~ i i i  () I i ’l’stion Gt i id ’-

lN ~ T R U ~iE N I “t ) \ t l U H  PO SI 1ION

i. DIGI1 A I VOl T ’ - ( HR 11G. - i C
SA \U’l E RA I I HO! I)
F liNt i t  OP RI MOTE
Ct,N I -i !?,t ‘-NO
itti u~
A T ,  4 1 O(; u ~-wui R E A R

2, S C AN ” ,! R ( O N I R O t  ~-,YSll’O ‘O,J R
f I R S T  u t O p i  AS DI SiR! !)
L A S T  F ’O I NI  AS D E S i R E D  G R E A T E R  THAN I INST P OIP~
S u N l i t  PR ESS IN
RECORD PRE SS P
DA J A P R E S S  I N
MDI P R E S S  P iTO O J 1 I A T !  A C’A’ a I O  ‘ ;-A ~~A i ’ . 1 C u

3. MANUA l DAT .4 ENT RY R[(;tST[R SRECT AS D E S I R E D
4, DATA PRINTER POWE R PRESS IN

PAPER AD\ ’ANC E PRESS IN
5, CROSSBAR LOAD AS D ESIRED 100 KU OR I ~-N C’

SPOT SCAN POSITIO N OlE , 1, 2 , OR 3
6, WAVE A N A t Y Z E R  POWER ON

INPUT COPPE C 1 10 I C E  A ’ ,’PLII! IP OL;li’~ I
VAR , PR  ‘ POEG A~ 5 P P ~ )- , ~O
M I t t  IV O! I F U R SCALE AS D E S I R E ! )  3 - 3 ()IV) ‘c v i
SING !E1i- ES E1 RES ET
SWE EP NOT USED
810 NOl USED
RISTO RID NOT USED
M L E E R  A N A l O G  ( ‘ONPE T O D E l  Ki l U R I C  ~ !IC ( ~~~ C ) R p 1 ;  1
SW E EP ANA L OG NOT US E D V

METER IC AS DESIR ED 0.1, 1, A N D  10 SI LOPOS
BANDWIDT H AS D E S I R E D  7, 100 , A N D  b C :

7. FIXED-SPEE D CHOPPER POWER ON FOR 511)-H, C H U P P I P O  IC ) ) l t i ’~~ V

8, VARIA BL E-SPEED CHOPPER POWER ON FOR TI - ’,’~! C ON S T AN T PUlSED ‘-N
SCAL E SELECTOR SPEED
ROTATIO N Ct ,,
SP EE D ADJUST AS REQUIRE! )

9. AF ’[RTU RE / OPT ICS AP ERT LIII F iND EX 0, 0(13, 0. 0D, 0, 300, 0,400 INCHES
OP T I CS I N I I I tl NO, I POK ’, lA!

NO. 2 IC
NO, 3 SPOi

10. SHUTTER F IX ED ( VAR IA R! [  I IXID - 0 , RE SI ’ O NS IV ITY . A ND CRO ’ -S 1A C
ME A S Urn Pt N IS

VARIA Bl E - IC E A S I I R I M I  L I S

11 . PAPE R PUNCH PO’,’ I R  ON
SPOOl ON
FEI D/l ) !IEI L AS DESIRE D I flC T A P E  L E A D I R

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  2 -
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lZtl ) lt ’ 2 — 2 , S i n g l i ’ — S i ,’a n () p , ’r a t i i i n  (‘. u i d i ’  (( ‘tint i i i , i i ~d I

IN SIRUME NI S\’ I TC II POSIT I ON

1 . .  SI QU L N C E R  I UN ~ I ION AS Dl SI RE I) A U T O , ( UtO-IENT V Ol lA P! PHI Sj -

(TI-I Sl oNli I

B I A I ’  AS D E S I R E D  * B I A S , liI’\ S , OR N O R P A L  I

D1IETI. AS D I S I R E D  H , U , P . OR Si
LOCKO UT I O CKO U I

RLS [1 PRES S TO R I SI I P R O H C A ’ -I

13, OSC ILLOSCOPE POt ’.! R ON uAD J L J ST BR ILL I A NCI  A ND FOCUS FOR
S H A R P  1RA C E I

I NPUJ CONNECT TO RA PDP tSS Fill ER , I ‘-E PU l  00
OU1 ‘CI

VERTIC A L ATTENUA TE AS DESIRED
SW E E P RATE AS DESIRED

14 . BIAS SUPPLY POWER ON
VOLTAGE CONT ROL S E L E C T  DESIRED DETECTOR B IAS VOLI ;, - t

15. COMPRESSOR PRESSURE COMPRESSOR OP ON

16. COMPRESSOR GAUGE MA X 6000 psi
P R E S S U R E  LI M IT MIN 3S00 ps i

17. REGULATOR I INL ET 3800 - 6000 ps i
OUT lET TLOD

18, REGULATOR 2 INLET 3600 psi
OUTLET AS D I S I R E L )  - at  3000 pc i

U t 2500 psi
ci 800 psi —

19. CRYUSIAT /TFST SET SAFETY VALVE DOl-V N
I N t E R F A C E

20, C RYOSTAT GAUGE MAX AS D i S I R E D  - a) 3000 p si
PRESSURE b 2501) psi

ci 800 psi
21. CR Y OSTA T PRESSUR E CRYO SIA I PRES S Ill-N OP ACt ’ ! Y I’RUSSURE ~‘-, l h R  COPPI II UP II I

C RYOS I AT I

22, P IN R E C O R D E R  PO W ER ON
CHA RT SPE I- .D ( m m !  m i n i  AS DESI R L! )  - at  I mm ’ m i n

hI 5 mm t r i m
25 m m / n U n
125 t m  1 m m

CIN \ t lT SPEED fl;it/ci ’-cI ON OR 011 AS DI ~I R E . I)
MARK EVENT PRE ss t h I N  P A R K E R  I S  D E S I R E D
S IN a IT IVIT Y AS I ) f S I R [ D  - at (Ti F

UI I, 2 . 5, 10, 20 , 50 , ION
200, 500 mv /div

c l i . 2 , 5, ID v / d i v

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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SBRC

~, .i i’r~~i si:’i’ 1) I ; ’ r I ;~ ’ uo1T SiNG 1,1’: -S( A~

2 . 4 W I N l a i n a l I ) , t t , L l O i l i i v

1 . l’ i > s i t i i > n  t h i ’  I O- oltiittn d a t a  i’ ’p t ~ ; i e r  f o r  t o I i n i ~ i i , ’ - i ’ ’ .-’ ‘ I i i  ‘s r  —

) t ) n t p u t i ’ r  j ) r o g r a l l t  p r o  t i ; ;

2 . E -~r , ’ss t he M I ) } ’  ~~ ‘j t c I  eu t h i ’ st ’anli ’ ’r , i u i l r l t o  ~‘ n t ’ ’ i ’  I l l - i i

dal. i .

2. .4.2 I , E, N, and S R u ~~- l ) u t , i  i N s  r , i t u , ’ I i ’i ’ I

V 1 , I’O S i t i o f l  A l ! I E / J , C ) (  L ” ,i , ) E I S\\ ’i t s ,’h I , ’  A l ’  I E :  ‘ ‘ k  t h a t  s’ t
~~~~

’ , ’ l i
~~ 

i - i ’

r ead y li g ht  i s  i11~~t i i i i i u t i ’d . 1-’r t ’ s s  1 J ’ l~ i’ f ii  n u t  I I L ; i n i u ; , , t ” i i ,

2 . ch i ’ - k  t h a t  . t I l  l ) i - :L T :  i l l  s’.v t i c L i t ’s a r e  it ~ t h e  d ow n  (Oi - ’~~’ i 1 s : t i - ’ ’ ~~.

NoR ’ : ‘l’he () 1”- p o s i l i o n  h ’ l t ’t t ’S a 1;vt t ’ t i e i i h t r “ , t ’~’, i I , i i . t  t i - S t .

3 . E n s u re  t hat  t h e  s h u t t - r  s w i t c h  is  i n  N C ) I U \~ - \ l .  1s , ; j t j i i n ,

4 , E n s u r e  t h a t  the  s h u t ter  sw i l s h  is  in F I X E I )  s i M o n . 1~e~~I t i  - ; ~~ t h u

f i xed  choppt ’  r mo to r  s w i t c h  to C) T0 ,

5. R o t a t e  the c r o s s b ar  load s w i t c h , 5— 1 , to I n i t ’p .

6 . P o s i t i o n  the  s’.’qu v’ r ice r I ’U N C TI O N  s w i t c h  t o  .- ‘t t TO.

- ~ 7 . Se lec t  the cTe s ir e d  b ia s  p o l a r i t y : - B I A S , NOR ~.1.- \L , or  -~ E I I A S .
A d j ust  b iaa  sup p ly fo x’ thu  d u s i r c d  d tc’ v t ar  \‘ ‘ I t a ~c
Allow the di: t ec to  r to coo 1 at le a s t  5 m i nu t e s  h e f a  re ~~ I ~\ ~~~~~ l e t . .

vo l t age  to d et e c t o r . So h ’c t the  sea niicd J’~1l~ S I I ,.-\ S iai nt

as de sired .

8. P re s s  the  s c a n ner  RES1O I s~v i t e h  to ‘ ‘ C I , l A N  t O t ’ svann’’ :’ lo t ,

c i r c u i t r y .

9. P r ess  the sc a n ner  STAR ‘I’ s w i t  ~-h . T he l i st se t  v.’ i 11 r -co  i’d t h 1-

f o l low i n g  cia! a on both  da t a  p r i n t , ’ s’ and p~ pt ’ r no I i :

a , Bias  r e s i s t o r  v o l t a g e  fr o m  w h i c h  b i a s  en  r ‘ ‘ i i i  o . t n

t calculated

1). Bia s volt-age

c . Si g n a l  and  n o i s e  n o ’a su r ’ ’ l n o r l s  f r om ~v t u  i i i 5 / T O  r , t t t o  - ‘

be c a l c u l a t t ’d

B i a s  H s ’ s i  s l u r  V o l I ,~j~~Bias C u r r en t  — — - - — — - ‘--— 

4
, 

2000 ~c 5 (1

- ~~‘L ~VP~~i 
H~~ t d i i ~~ / .S;~~~n . t ! ( 0 0

N oi  se hi’ ,uI s ng / T\ i so (~~~~t i n

who is’ : 2 ( 1 0 0  i s  t h e  on  1’ r ~~t si ’ n so r N ’s s t e  r

V 

SO i S  l I i I ~ ~t I t t I ) I i f i ( ’ t ’  g . t i I l

S A N T A  B A R B A R A  R E S I A R C H  C E N T E R  
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SBRC

\1 
1

I)el ’ ’to r  Iit ’ s i  i - ; t an ’ ’ - “j —— — R

w he r e :  H 1) ( h ’ t t ’o t o r  1’ t ’ s i s t a n~’ ’ ’

b i a s  \‘(i lLi)~i’

1 - I) I as  en i’ i’ t ’ 1)1 V

H - load i’ 1’ S 1 s 1 . t  n ’.- i ’ ( I  l i i i  S I

10 . A f t er  i,- on ~~p l et i n g  t h e  p i ’ og r a I u ; , p o s i t i o n  t I f l ’  , - h o 1 . 1 i i ’r  : ‘ ‘ ~~ , ‘r sw  i t ,

to  OFF ant i  r e t u r n  t h e  A U I O / L ( ~
)( Rt f tT l s\~~l t ’ . h t o  Ia - ); ‘ l O u t ’  I

I I . R en ; o v e  th~’ r t ’e o r d e d  d a t a  fro tt i t I ~~ - t~~~~ i i ’  t i n li , t ; i d h i t ’  t . t 1

j )i’  i n t o  i’

2 , 5 S 1 N G L E —S ( ’.\N O i ’ I O R A T l O T O  w i n E 1 i~ ;l ~~~j~~

1 . T e s t  p a l ’a ;n ; ’ t i -i ’ s may  be d~~l~’t ~’d ~v l~~’n op’ ’1’~t t i n o  t h e  t es t  ‘u t  ;~~~

the a u t o m a t i c  n ,ti cl t’.

2 . If a n y  of the test p a r a m e t e r s  (I , E , N , o r 5)  or ’. ’ t o  be d e l e t e d , 
V

J ) 1OV C ’ t h i ’  r o s p i ’c t i v ; ’  ~“ i t ~~h i ’s t o  the  U P  p o s i t i i r s .

3 . P r o c e e d  as  ; u i l i n t ’d u n d e r  T e st  Set D e t i ’ o t u r  S ;nv ~I i ’ — S ’ 1t n () p ; ’r . i
V t i o n s , para~~rap h 0 . -I .

2 . 6 f l  MR C O N S TAN T  ~ 1E A S U R E M T  I ’S

1 . P o s i t i o n  the  fj xc ’ d / v ar i a b le  sh u t t e r  to  \ TA R I . \  t i L E ,

2 . 11 ~ t a t t ’ the  o p t i cs  indi ’a  t o  ‘I’C.

3. Po s i t i on  the st ’qu en c i ’ r f u n c t ’ i on sWi tel) t o  ,STGT”l :\ L.

4 . E n s u re  tha t  t he  se q u i ’n c e r  si g n al  g a i n  and r a n p i ’  s e t t i n g s  a r e  a s

d e s i r i ‘ci .

5. Set t h e  s c a nn e r  c o n tr o l  f i r s t  p o i n t  ;incl l O S t  f l; ) O ’, as t h r i v e d .

6 . P o s i t ion  t b c  i ) V i s i  SA I I P 1,4 E RA ’l h o i o t  vol  I i )  I L U L l ) .

7 . Pi’e s s the  se ann e  i’ c o n t r o l  M A N I l A  L swi t c l i  w i t h  a l l  t h e  s c a nn e ’ t~

c o n t r o l s  as s t a t e d  in i r a g  r ap il 2 , ~l .

8. H o t a t i ’  t h e  c r o ssb a r  l ead  s’.~ i t ’, I ’  t i  t h e  I ( ‘ i ) — N ~~ p s i I i i n .

9. P r e s s  the  ;a :tnne i ’  c ’ ’ i i l r i i l  R R S I ’ I t i u l  then t l t i ’  S’! A R ’ I  ‘ ; w i t ~~h .

SA NT A B A R B A R A  R E S E A R C H  CENT ER 2-P 
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SBRC

1 0. 1 N ;s i t i o n  l i i i ’  ~-a ci  ab l e  - sp t ’ed eh opp ; ’  i’ n otor  s w i t o h  to ON and  t h e ’
l’ t i t d t .j o I )  s~~’ i t t h  to ( ‘iS ’ .

I I . H i ; t a l t ’  the S I n ’ t ’ ( l  k n o b  to the  ( l t ’ sj l ’ e ( l  f r o t 1u e n c y .

12 , ‘ l u t ~~’ t h e  \‘:,i vt ’  a n a l ’i.t ’ r t o  the  t’I l o p j u l g  f ; ’ e ’ ( 1 ; I ’ ’n c y ;  ad~ ;; ‘- I  0 t h
the  cl1o~.) p i n g  f r i ’ 1u; ’n c y  and t l t t ’ wave  a n a l y z e r  to 01) 1 ( 1 0  0

l ev e l  ooi’ i’i ’sp i a n d i n g  to t) . 7( 17 t h a t  of the  si gn a l Ii - ’ ; ’! a t  ‘~ I I) i i . . .

I S . A f t e r  pt ’ r~~;i ’ i t ; ing  tI ; - l i t ; ; ; ’ ci  ‘i s ta nt  n o ’a  ;u ; ’ ’ i t ; i ’n t s , t u r n
A ~‘ . ; r i a b l e — s p e t ’ci o l l u p i . ;’r  m ot o r  to  v i i i’ ; p o s i t i o n  t h 0  s h u t t e r

sw i t c h  to I 1 N I - 1)~ and r o t a t e  t i l t ’  t - r c i s s l i ar  l O a r l  s” , j t i - I  t o  I l H e ~~ .

2, 7 SPO’]’ SL ’AN M 1 ’ : A S U RE M E N T  S ( CR O S ST A LK )

I . R o t a t i ’  t he  o p t i c s  index  to SPOT .

2 . H Ot Ll t e  t i lO ape r t u  r t ’ i n dex  to ti le 0 . 003 - m ob s,~1 Li r 1o .

3. The sequencer , DV M , and sc ann - r c o n t r o ls  a v u  t h e  so ; i ; ’  a s
mentiOned i~~ t h e  t i m e  O o f l S l O f l t .  n u ’a su r ( ’n l v ’n t S .

4 . P o s i t i o n  the  f i x ed  c h o p per  m o t o r  s w it c h  to  ON .

— -j 5. Rota t e  the ‘ r o s  sbar  spot  scan s w it c h  to ~ o si t  ~~~ 1 ( C h a n n e l  i t t .

6 . V L e \ V l f l g ti~t 5 0 01)0  or t ile e, aV e  ;ii - t~t l y~ ci:  ( h i  U — l i z  Ir~ ’ j e a ~ \
a dj u s t  the N , \‘ , and Z d i vh l e r  h e a ds  f o r  a n i ax i m t t n l  u u u l i  s i ; r l  ‘a
s igna l  leve l .

7 . V iew  the si gna l  l ev e l s  of all  t ’ l i e  ‘nt s  whi l e  i r r ac l  i a t i  f lU  C h , s n n  1 I i , :

(p o s i t i o n  1).  For  spo t  sc a n  Ch o n n u  I -~ t i ( p o s i t i o n  0 )  and  1 1’ Ot ’ I -?  a

(position 3), r ep e a t  s l i p s  6 and 7 .

8. After corn i l v ’ t i n t O  spat  s can  n ; ea ,s u r t ’n o ’n t  s , t u r n  ch o pp ’r  ;c o t r
,s w i t~~h Ol’ l’ r e t u r n  op t u.S indeu I ’  NO1U\-IAL .

- 
‘ 9. R e t u r n  s e qu e n c e r , I ) V N 1 , and s c a n n e r  t ’ o nt r o l  as d e s c r i b e d  in

‘fable  2 — 2 , Sing it ’ — Scan  Opt ’ r a t i o n  G u i d e .

NOTE

Spot scan (crosstalk 1 ;: i’a-su; ’i ’ il ;-alS ( i ; i O ’ . S” 1

in p a r a p r ap ll 2 . 7 c o n s i s t  ni th t’ e, ’ cot  o p o i i i ’f l t  s :

V CA o p t i c a l  c’ro ; ;  stalk w i t h i n  th e  d i ’t ; ’c  t o r
a r r a y

i i i  c. t rical v - u ’ n s s t s llc w i t h i n  the  d~’
ti c ti;r as setnbl y

r e l e ctrical cN’~- S1 t1k w i t h i n  ft t e st

se t  s w i t c h i ng  i a - I  r i x

S A N T A B A R B A R A  R E S E A R C H  C E N T E R  2 - 7
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h o ’  t o t a l  t’ i e ~~~, t , t H  ( V 1 ) J I i e - .;~~ i ;  r e e l  t~~ tb
l i s t  s e t  I S  t i e ’ S h u t  ‘ ‘ I  ‘ A ~~E t  ‘ 

‘‘
i 

i i i  - 0

t . i j n  t ite c t - , e s s t a l l  , - ; ; t u ’ i a : t  - 1  ) \  i i i i ’ i ! ’ t e ’~~ t , ;

u ; i ’ r u i ~ ( V 1. 1 1  \ ‘
( ‘~~\ 

\V

“ ( V I I  ~
‘

t I
‘I i t  i i -  t l ”  I 1 r c c i ; , - ‘ : : I I - ‘ -
c u ’ o ss t , ; L l — ~~i~ l ; i n t ,  - - - ‘ ‘

~ s, - 1 - ‘ 
-

~ e d : ;  c c ’ , I’ ’~ ~~~~ ‘ a P -

s : : - ’ ’ s h o U t -  i , l A i . :, , -

I ) i ’ - i l i i ) f l - e I  i ;~~
—
~ ~it~’ ~~‘~i t , i’ e l  0 0  ~- E .  - -

i ’ , e ’ I l ( ’ f l t  until i l l ’ 5150 . 1 t~~~ 0 1 ’ , - - - -

Rot o r S ~ t ~~“ I on . ( ‘ 1 : 1; ;  - -

OIi ’ ; : i ~ nE anti! f t .  si g:~~ i i’ ~ f m  I L  -

s1’~at p o s u t i o r i . T I t i ’  d i  s t , l .i e S - . ;e, ‘ , ‘ ‘

sp o t  s i z e .’ .

2.8 C RY O ~~U”,T ~ I l’0 .-~, S t ’ R i  ~ !E: S

2.8, 1

1 . A d j u s t  the  I ) V ,I 0i U t l ’ , i s  , .  - - i t i l  vs  i . e  I i ’ - I

i U~ \ U 1  10 .0 :  \ ‘A t ’ ( a c t
1(i’~i ” 0 ( J :  ‘~i_: j , ;
FlL’[’i-R ~ u 1 I

T E R ~\ 1 l : - - A L ~ R1 - .- \ -

2 , A d j u s t  the SCCJU ’flCel’ coot m i s  as  io1 lo~~’s ( s e  i ’ j ; ’~~~i’ ’ I -

S6: I ( ~ I~T Ol ~~I
S8: 510

3. A cHust tiu i ’ S can s ’ ] ’  c On t r o l S  us foil0-’: - , (s~’ ’ l’ ig ut ’ t ’ I — —I I :

F1RSI’ 1 01N I A s  d e s i re ’S
J_~AS’ii’ P C ) IN ’L : S ane ’  a s  , i I ) 0 v ~ ’

Iv IAN I,J A L :  P r e s s  in
RESI ’T ’l ’ : Pi’t ’ss in
S’I’AR ‘I’ : ~ ri’ s s in

S A N T A  BA I I D A R A  R E S E A R C H  C E N T E R

~ 
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-I . Ai I~ u st  t I ; e ’  pc i) r ec o’ d e ’t ’  ; -o ~~ t is i s  ,c ; li e llow ’ ; ( 5 ’ ’  l” p ’u i ’ e ’ 1 I - - :

51’:NSI 1 IVI ’lY : I t ) I i ; \ ’ / e l i \ ’  ( ( l t a n i i e ’ I V ’, I — I ) ;
2 (1  n v /5 iv  ( ( I i , ;  i i i t ’ !

PUS ’! l ( S’O : ,-\ s  d ’ s i ;’ ’ j

(‘lIAR I 5!’!’Tt’TI ): 2’ i t , n i / s e ’c

a , Ad p i s t  t h e ’  \ \ u \ ’ ~in a l y i ; ’ i ’  c e n t  co l t , ;s  f o l l o w ; - ;  ( S c ’ ’  l ’ i ~~u i ’ ’ I —

N I J ’ : ’ i i : R  T- , l I , 1 , 1  V

~~ \ .l: ’ t J  LL C (  
V
;\ ~~~~~~

;

I’S l O t  10 I ( ‘ : t i , I
h,V\Nl)W1I )i 1 1 :  1 ( 1 :
l”R E QU to ‘-IC ~; : I ( ; l i ’ ,,.

M l’: l E R  > “ ] : R o  Pe t’ i e . r a g r a~ eI1 3 . ~~. I

6 . M o u n t  t h e ’ c r~ ~ t a t / d ; ’ l ; ’e to t ’  ~; S 5 e ’ l i W I ~~ t i e  t i ’  h e l d  i n p  ~~~~~~~~~~ 
~ 

, I - : )-

f le e t  in l e t  c r y o s t a t  ~~ 15 l i t -i ; ’  I t O  ~~J .S t o n i ~ i o I ~~ i ,S1 l1 ’c~~i0’ ,

and (‘Oflfl ’c ’ ft c r y o s t o t  ( c U t l e t  ~~d s  l i t ) ; ’ t O  i s -  f l o v ’  0 e t c  5 ,

7 , l’u ] l  c lown  d t o i t ~ ~‘ i l ~ ’e 1 ; ; i -: c ; h ; ’ o U r  con: ; ’ t l j O S ;  ;~~~~t - ;  U e e~’ i i i :u ’ t o

t h e  gas pa t i o ] .

8. F O n e r giz e  c o n I I ; r c ’ s s o r  ( ‘O ’ l P  ON s~’,- i t c I ;  t o  (SN ( s e .’ e ’ l ”j ~~;,i’ e I - :~~J ,

1 , \\ ‘i th R c ’0 t : l , ; t u : ’  I c o n t r o l , : : i~ u s t  (~ U I LiO l I r e  5 5 1 1 c c  ; ~~; t  I s - t i ,

10 . V , i t l i  R~’ 0 o h . l r  2 ~~~~~~~~~~~~~ ~~5j e ~~~~t ~~~~~~~~~~~ 
. r , . - u : ’ ,~ 3 t ’~ - U  V i ,

2 . 8 , 2 I n i t i a l  C o ; l e l u v.’n i \ l t ’a s u r i ’ l ; ’ e ’ n t

I . Pi ’ e ss  t h e .  i n  ;‘ e ’ c ; i ’ u e ’r  (i” i~.’t ; r e  I e e  I C I I A I U I  S I C E J O I )  5~~~O ’V t i  I :  ~~- - 2 0 ,

( V O )ld \, : 1~ t i l t ; ’ i S  a- f u n c t i o n  ( c i  l i t ’ V i ’ s p e . e n s t v i l y  le v e l i s -c ru d - -n
r e ( ’ or d ( ’ I’  C h a n ne l  I , t i e ’ - t ’ I c i V t e . ’ i i  ( I e ’ I e ’ U I i r e ’ l t ’ i ; i e i J  a- S i i )

pi’ ap l~ 2 . 8 . 1 , s l i p 3. b i a s  d e s i r e d  d ’ t i ’c te~~’ ‘ P l a i n t  a t  a V I ’ .

2 . S im t t l t a n  i ; I s l y p r e s s  t h e . ~ ‘n r c a -  o r d e r  \ l , - \ I U ~ l \’ iO N I . s ” i ; ~~~;
l o c a t e d  e t c  I I ’  i ’i ; ’. I i t  S i l l i ’ of t h e .~ l’ i ’ t ’ . il ’ d e  r f i ’ e i n l  i~~t n t ’l  I ~~~ f i s t

l i o n  the  g a s  p a n e l  ( H Y O S I A l  PR1- 5 S L i( E  s w i t c h  1,  U N  t I  i v  -

or e  1—5).

3 . A f t e r  t h e  l’e ’ cO ] ’ ( I l ’r  l’t a s  l ’t t t )  f o r  a : u ’ ; ’ o x i t n a t ’ ’ I ’  I S  S e ’ ’. O t i r I s , h e i \ \ e S

the i’ ;’cOl ’ i I i ’ r t i e  ) m i l l / i c  (p I ’ ;’a s  ( 5 l I A l ’~ I’ S l E P t 5 \ ’, I t (  Ii ~ t .

2. 8. ~ Ste’ad ,~ St u t i ’ and Ave r a~~’ E ’low L e t ’ M u  s ; i r e n n ’n t

I . Let  t i ~ r e c o r d e r i ’ t tn  i t  5 m u t t / s e a -  w i t h  a c i ’ y i e ’ ; t o t  p r e s s u i ’ e ’ i t

3000 ps i  for a j e p rct x ilue.; ; t e ’I y 15 i f l i r l h t t i ’S .

2. I’ross p e n  l’ e ’ ( e e t ’ ( l t ’ l’ M~\ H I - ~ 1 - : \ I - : T \ :  I s’,e ; t t ’ h i .

3 . 15’ itlu 1~ e ’~, i u l , e  t e i r  .1’, c e i t e t  r e e l , •t i l ’I t i  st  ( l i s t t. ~~ I i\ I ~u i ’  e ’ ’ ;~~- l i  I’ - t e e  ,
‘

(l’ ’i g u t ’ e ’ 1 — ‘i ) .

S A N T A  F3 A R E I A R A  R E S E A R C H  C E N T E R
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-I , \\ l t e ’ i l  ‘ c U t )  
~

1’ ’ 1  ‘ .0; i t ’ e . s’~~’ : ;s~ l e e s  h e ’ ’ u i  i’ t ’ ,o h i e ’ e I , e l i ’ s ’ ;  c e l l

~\ l A l ’~ P 10 \ ‘ l O N I sa  i t t  hi  ( l ’ ’ i g t ;  i c  I - t ’  I.

N 01 10

] e , , 1 1  c’ , ’ t , e t ’ e l , ’r  ( V h , i f l e l i V I V ;  2 , i ; t e l  e i r e ’ i’ e ’~~ e e i ’ , l i i t ; ’

l’ e ’ Si  St  I t h  t ’ ot t c i t e  pc si I t ; I e  Sc ’f l  S i e l ’ ’i I . in ;I
.oid ‘leotlnt ’I I j ’  ‘ e. ’ ’. e i t ’ e I i : ; ; ~ , i ’e ’ c ’ i t ;  I l i v: I , i t e ’ ,

‘ e , P e t  t I i ~ ’ i c e. e . e r d e ’ r  r u n  , i t  ‘ 1 1 1 1 1 1 ~~ ‘ c c  ~ i t l t  , i  e. ’ i’v ; e s t , t t  1 e u  e ’ ’ ; s i ’. l  0 ‘ ‘1
‘ U I  ~ I c~~ I I e r  t I  It ’.; ‘ ; t  1 t I  n o n e . ;  t c -

I ’ , ,‘ \ t t e ’ i’ I t t  i n t n ; t t ; ’s hl.Vc ’ c ’ c ’ l c t l l ; i ’ e ? , l l r ; ’ S  I ’ l l  I ’ e ’ e, t e  l ’ e S ’ l ’  h l , \ I L~ 1 . 1  I

s ‘cv I t c h ,

\\ l lu g as  f e , c 0 e ‘ I  P c t  t i  a t i e r 2 ;en t 1 c i , c i  I V t  ‘ I ,‘\ I ‘ i  e ’ ’~~~~; e . ;

R e  ~ 1 ) 1 )

14 , \S’h ’;l 141) 11 ~ i ’ : j  10 , ; s  p r e ’ ’’,s ’, : ; ’ ’ ’ l ; . t ; ;  b e e n rc ’ , c e I i e . e i , ‘ i ’ s ; ;  
~u ’n  S c e O  ‘ I ’

M A R I O 10 \ I ’N  I ; ; \ v ; l c l ;

) , L e t  t h e ’ r t ’ e . ; e l’de ’r  i t ; ; ;  I t  5 l l t l f l ’See ‘ c ’ c ; t l t  ,; ta- t e l  ; ‘ l ’ e ’ , , s i M • e

S U I )  f S  1 I c ) ] ’  ‘ I  I I~ ’ i s  I I ‘ e ow ;  i t t , ’

1 () , ,‘\ ft e ’ r 1 0 i i i  ii t i l e ’ s ho ‘ c i  - ~ a ~c 5 ~d , t u r n  j ’ ’  n i’ ’ e . ,~~i i l ; ’ i’ i l I A R  1 14 1 ‘ 1 . 1 1

S W I  (c li t e e  1 4 1-OP .

I , l ’u e ’ t e . i ; n  ‘;c ’ e ; l : e ’n e e ’ l ’ . I ) \ ’~ e .t , ,u n ; I  e. - r \ e e : I e t ‘ e  r e ’ ’t ’ ; e ‘ e ’ ’a-’ i l l ’  I i  ; c }  1-

l i f t  t i l e ’ 1 1 ( 1  ~ I L ~ \ A I , \  10 h , e . t i ; I  I ’  , i l i c i  . 0 !  I I  ‘ - I  ‘: , e n n e r  c ‘ 7 ) 1  ; V ~~ I s  , i s

d ’ s c i ’ i l e e ’ e l  i i i  ‘ I , t l e l e ’ ‘ 2 , ~~~~~~ t ; ’.- , , e .  (
~~I e e ’ t ~~i t l e ’ :; t i ; ~~ e i i ’ ,

r~~1 A  B A R B A R A  l o t  11 E A ] - ’ i, I l  C I N T I R  10

V V -- ~~~~~~~~ ,_, ~~~ -—~~- V~~~~~ - V --~~~~~~~~~~~~~~~~~~~~~~~
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Section 3

C A l l  U P A ‘i ’ll ) N P P 01 ’ 10!) U U 10

3 , 1 (P I O N I O R A I

‘h hie c a ij l .ui ’ o t l o n  pt ’ ’. i c ; ’d e . : r e . ’ J e e r  lb s  ~e : ’t i 1 ’  ‘lost ~‘, ‘t  d i  s e  r j h e ~~ c c ’ ; V i ) !

: ;y st i ’ i e t  eV iL l i b l ’ , ; t i o n  and  i n d i ’ c ’ i e l e . i a l  ( U j h U p t U i ’f l l  ‘.Oi i i b t ’ O t i e i n  ce, O e r e  . 1 1 0 e l c W i e . ’ .

‘1 I i i ’  t e s t  t ’q c i lp i i n ’ i ) t  ( i c ’ s ’ . r i b t ’ d  i n  h i t s  c a - I i l e r a t t ’ ; n  p i i c c e d u i ’e h a s  I1’ a c i ’ , I - ; I i U -

to titi ’ N ,et i c ;n , t l  l l t t t ’ ~’::U o f ~U : t ; i i I , e . i ’ d s ,

3, 2 l ’HE’\ ,\ i i ’ i , l  S i  I O U  ( ‘ V \ L l I 1 l - S\ ’i l t )N

3. 2. 1 Test E~~e .; 
; V s ~~~~~~ i~~~~~ 

R i q u l  r o i l ;  cot

1 . T e s t  o s c i l la t o r  } -IP -20  ii  or c ’ o u i v a l e n t .

2 , A t t a’f l i t at o l ’  l I P —  3501) c c i ’  e ’c 1uj val  ent .

3. i t em ; 1 c u d  1 ma y  b , ~t i b s t i t ; ; l  ~;1 icy  a Its qu;’fle. y —a- n t h e ’S i i ’ e ’i’

I l l  - i , t i l e ,

- I . Tru ; ’ l ’l i lS  \ o l t i i u e , - t t ’i ’ , 1- I P — 3 - I 0 ( .t or e q e . i i ’ c ’ a l ’ .’n t .

3. 2, 2 Pt ’ot ’e c l o r e ’

1 . Connect a 5)0 .—lIz , I — v o lt  i ’ne . s  si gna l  h a -’ . ;n g  a Se e m ’ ’. e i’ i ’ S i ~~~l ; I i ’ . e ’

of 300 c_ c i t r U s  th i ’ i e e.ig h i to  i n t e r n a l  in ’ e x t e r n a l  a t t i ’n u a t o i  ( I ~) ; l b )  ; e e

Ch a n n e l  00 on ti~’.
, c 1,05 s b a r  (~1 I i 14) .

2 , P o sj t i c c n  1110 s e ’ ( I t t e. ’n c e ’l’  f t i t i c t i ; e r i  s w i t c h  ( l e c _ i t e d  \ ‘ ‘ i t h i l )  t h e  s e -

clu en t ’ ei’ Nmt’l) tea NOISE a-nd th~ N U 1 S l O  ( A lE  t e .e .  10 1, 0 ,

3. R o l u t i ’ t h i ~ 1) V i ’ . l  ~;A I \ 1 P L l ’, 1 1 A 1  I .  c ot i t i ’ e e . I  t o  11OLI) .

4. Adjust th e.’ scitflne ’I’ i ” I R S T  J e ( ) p .,53’ to O~ I e1’ e ’ ; ; ’~ II ~ e.~ ?“.N - \ \ I 1A L

;; \ e : i t c, h , t I c ; ’ 1 i .’e. ’i ,-\ s’,v i l t ’ll , :in;I t)it’ 141 \1~ ’)’ -i ’c’,’ t t e h ,

0 . R e n i ove ’ t h e  pr e u ’ ; l i ~ i I : i ! e ’ r  c l v i’ ( l o e , i t c - i I  an t - r , c ’ ; L e , t r  h , i a s m 0
u’ i ’ i r  ) c n e ’ l )  and conii ia- ’ t t h e . ’  u ’t n s  “. s i lt f lu e ’ I e - l ’  a c r o s s  ; e e . i t }~~u t

s t a t e ’ No . 1 (Al — 6) ~tii~l f l ’Ohi  1)1 1 ,

Ic . Ad~ u i s t  H 19 f o r  ;t p a i n  of 5 ( 1  — v o l t  r , u u s ) ,

‘1. R ep lace ’ t h e  1 t ’ e ’ ; t t i i 1 ; l i f i i ’ r  t eav ’ .’r  a nd  t el  l u st  t h e ’ a t t e ’ e t ’ e : t c ) l ’  to t ’ (  d h .

hi , ( ‘ on n e ’ e t  n fl ’; v o l t i t i e . ’ t t ’ r t i c  t i t e ’ pt’ e’ai’n 1 d i f i e ’r oe,il I e c _ t t , I I 15 , and

a dj r i ; ; t  R 2~I f o r a g a i n  .1 10 (11) (i—vol t I n t O ) .

S A N T A  FI ,~ R B A R A  R L S E / - 1F ZC H C E N T E R  3 - I
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I ’ e e ’ - ; i t ’I c n l  t i l e ’ S t ’ ( h I O t ’ i l c , , ‘~~
‘ N t )  i S l  ( ‘

~,\ I N  t o  i i , ( 1 ( 1 ( 1  , i i c ; l  ad ‘j e a t t h e ’ i i

I i ’ I l i h i  I t O ’  to ~ I )  I l l ) ,

I I) . A d l i t  st P 2 3  f c c  r a pa  icc e l  10 , O W )  ( I  — ‘c’ e i t  t o t : :  ) .

H. l e o o j t I o I l  t h i ~~ 5 c ’ ( J t t t ’ I )~~~t ’ 5 P t  i I S I O  t P \ I P  t e e  1( 1 0  , c i i e . I  , a i j u s t  t h e ’ , ; I I e ’ f l -

t t  a t  i i i ’  I t t  — 1 0  Sb ,

2 , ( ‘ l i t eR t h a t  u t ’  i e ’ , ; i t ; ; i l i f u e ’r  ~
‘ , e : d )  i s  h i t )  ( I  \‘ i e l t  r n ; ’ : t .

~ 
c~~5 j t;; i lt t I n  s’.’ l ;i ’rtce ’ r ~~( ) 1145 t O’\ U’-’. t e e  I I ’  a nd  a - c l  ‘; ‘: t t l i e  i t  - ‘0 -

i t a l i c s  l i i  ,O t )  Sb ,

I — i . ( ‘hi ck t h a t  b it e  pl ’ ;’ i t I t ; f l i f i i ’l ’ g a i n  i s  1 t ( 1  - v ol t I’M i : t l ,

15 , Po s i t i o n  t h ~ s i a - 1e . t ;’n cer  F U P ( ’  I ~ ( ) 5 , s \ e ; t ’ .’it  t -  S i t ;P A I .  , , t ; i ;

t i l e ’ p i ’ e ’ a- l i d ) l i f ~~c ’ i ’ ~‘u i n  ‘c e l t i c  t h e ’ f t e I I i c ’ c v i n ~ , ; t I c ’ t ’ t W t~~~r s e - I t  101:5:

, S R ; N A 1 ,  U - \ l ~ -O A ’I ’ f I O E U V V I oP

10 20 Sb
I 00 ‘I t) Sb

1 , 000 t O  c I a
1 0, 001) 140 d -

1 6 . R i ’ i t a - e ’ c ’e ’ th - t r u e  m i s  V c l i ; ) ) ~ ’) i~ fj ’ en n  ( I t ; ’ I r ’. , ;n c p l ; l i e ’ ’ - s i t  u t  , ;nd

(V o i l f l e’ . t  I c _ c  t h e  h a t ld 1)t ;S s f i l t e r  o u tp u t  ( J 2 O  1 .

17 . i~ o s it i O f l  t h e  s e ’ q c _ t t ’nc el ’  1 U N ( ’ l I ON  s w i t c h  to  \U1SL , t O t ’ N O I - Sid
GA I N  to 1 ( 1 1 , 1 ( 1 , a- ia -I t he a t I e ’ n u a - I L i r  i i  60 c _ l b .

18 . A d ju s t  t i l t ’ f i l t e r  g a i n , p 1~~; , f~~r a- I - v o l t  i~i ; ; s  e ; l ; t 1 i ~ i t  l e v i ’! ,

3, 1 J3AN I)PASS F IL l  ER C Al  S U It  .-\ 1’ 1( )N

3. 3. 1 U~~ l F P j~~fl~~d e ’ n t R e ’ l 1e.i i r t ’ n ; e ’n t

I_ J o e ’ th e ’ s a in t ’  l a b u r a t e e r y  e ’( 1t i i j i i t ’ ; i t  ;;‘: ( e ; i ( l j n t - d  i i i  c~t 1’i l g i ; e p I: 1, 1, I ,

3. 3. 2 ) e ;. , e , _. e , (h , t  S i ’

1 . C o n ne c t  a 5 1 0 — l i : ’ , i — v o l t  r u n s  sj ’~ n , ; I  h a - ’ c ’ i n~’ ;e ‘- o c l r e ,’ e ’ r i ’ s i s t , ; r ; e .
e.cf 300 O l l i l e . ;; t l a ’ e ) e .I g I’t an  j n t t ’ i ’ n : i I  or  t’~~i i ’ S I i , ( I  ; : t t c ’ i u i t , ; t e i l ’  i l - I  t i b )  lii

( ‘ha f l l l ’ .’l 0( 1 ot t  t h e  c Se C : ;  s b~; ;‘ (. 1 1 I 8).

2, Po - ; j t i e . n  t h e  s e ’ c 1 e : , ; u c e ~~r f t t n c t i c c n  s ’ c c ’ i t c _’ I u  ( P e t a l e d  ‘,‘ : I I I ) i l l  I I ; ’ se ’ —

< j t ] c ’ f l( ’ i ’~~’ pa- I l l ’ ] )  t i )  N()1SJO i t o 5  h i t ’ NOISE C A I N  ( i e  I ( 11W ,

3. P t e t , t t i ’  ( l i e ’  ] ) ‘e.’ f l (  S A N I I 1 1 , 1 0  H A  1 1 0  t e i n t c ’ ’ > !  t o  I i i  ) l , I ) .

‘I . A d j u s t  t i l e  s~ c l i n t ’s  1 11(14] P()lN’I to 11(1, I i 1 ~ e s : ~ th~’ ? \ 1 V \ ’ \ U V \ I ,

switch , tb ’ l )A ’l A s w l R - I e , and t h e  SI. \i( I ,sw i I c _ l i .

SANTA B A R B A R A  R E S E A R C H  C [NTER
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5 (‘o n n e u t  s l i t s  \‘ e e l t i i ; i ’ t e ’ i ’  I i )  ( ( ‘I i ’ e d e ’ fi ’ i e t t t  j e a n e l  c on n e ’ c t c e i ’  i ’ l l .  1 ’ l O h (
( ) S i  (.1 2 0 ), ant i  a - e I~~e .i s t  ha i t c h  Pa- so l i l t  ‘l’ g i l  i t t  c i  i i t t  i ’ e 1 1( 1 (1 f~cc’ i t  pa  i n
of 1 000 (1 - c _ s i l t  l ’ i ) ) s  ).

t e , R e c t a - t i ’  si gna l  O t ’ I l c ’ t ’at ci ’  t o  ob t a i n  l i i , f o I I e c ’ c ’ c ’ j i u ’  , ; t t i u t  S I L I 1 , i I
h i ’ v c _ ’ l s , and r e ad  ( h i t ’  A t’ e ’q ; ; e ’n cy  a t  I ;  c ’ S, ’ ;; i p ti ,iI L ’’c ’i ’] s :

S I G N A l ,  h . h 0 \ ’ i O l .~ ( ; I I ~ )

I)

r -4  U 1 e 1 e  i’ - ‘1

Lo wi ’r  - I  IJ 1 e j i e ’ i ’  - I

I c i i \ V t ’  i’ - 1 0 ~J PP ” 1  - 1 1 , ;

L i i v , e~ i’ — ‘.0 ti p p e ’r  - 2 0
Lov, ’ e ’z ’ — 3t) ll ppi’i’ — 30

7 , I ’r o n ;  t he  t a b u la t i o n  i f si p n a l  l t ’ e , -~’ i s  ‘c’ e. ’r ~,c ; s  fu’ , ’c i : ’ u t ; ’y , e. - c e t l ; p u t e ’
t h e  f l O i s e  ;‘ u i v a l t ’n t  I c a i t d w i c l t l t  (N10 P \\ ) at - ic _ I r ’ c e n ’ d .

3. 4 \\ ‘A\ ’ lO A NA LI  ;d i- :R

V 3, 4, 1 i c _ d O t e ’ r 1.’.’ i’o

I , 1)jsc onri’.’ c t s itonal f r ; e n :  IN I i t i  1 C o t t f l e ’ c tot ’ .

2. Turn the ~\tILLi\’OL’i S S c_ V i P  1, ~ , e  t i i ’ . X ( t I ’ . ; t T i ;

3. a’~~~-~ t h e  iUE ’I E R  ic _ I I~ ’I’l1 - ’L 1EP. s w it c h  t i e  N . ( i i ,

4. Alterna te l y adjust t h e  ‘. IF i ’ER Z E R O  c o n t r e l ’  f in ’
me t e r  r e a d i n g .

3.4, 2 Inte ’rnal Calibr ation Che’. k

I . D i s c on n ; ’ct  s i gna l  INPI0 1’ c o n n e .’ c( t c r .

2. A dj u s t  f r r ’ qu i ’r t c y  c on t i ’ c c I  f e e r  10 , ( 1 1 ) 0  lIz on l i i i ’  L E A )  ( l i s h e I ; \ ’
( f r e q uen c y  in l iz ).

3 . Set  MJL 1 , IV O L TS  Fl1.L I~ S( ’A hE sw i l  cit  I c ,  (‘A I pea s i l l  on .

4. Adjust CAL AJL1 (I~~ -~;t e t i  on i’ i ’a r Iealli ’ I  ) fea t’ ~i f i t ! !  s c _ a -  Ii ’ ;i t& ’h t ’ r

t’ e ’ a c O l n f ’  ( 1 . (1 ;,i

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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3 , ~~ POW 1~~ P St t U P I  ‘iES \ ‘OL !A (  E A l ) ,] t i - S I ’

( ‘ onn e ’ c _ ’t  a d i g i t a l  l l l U i t i I l l i ’ t i ’ r  ( d c _-  ) to t i n ’  lo E l o c_ ’c ’ ing  ; : y s t c ’ i ; ;  1eov. ’ i ’r  S l i l i l e i i i ’ S

( a c c e s s i b le (co In  r e a r  of e.-o n s i d e ’  ) and c h e c k  c c l ’  , ee . l j c i s t  ‘c’ ’ . c h t , e ~ ’ e ’ .

St, I I ’}’L’i’ \ 0 1 , ’ l ” .\ G I ”  , ‘c~I ) , t tI 1’

PSi :115 v dc  ( ‘ ‘ .c~~ e )

P142 ~‘ v d c  ( ‘
I -’143 ± 12  c_’d c ( 5 ’~.c l

P144 5 vd c (:1 5 ‘
~

‘
~~)

IILAS i i  ~~~ cal si’ iling

I’S(c - 112 vdc (! fe ~~~e )

3 . 6 OSCILLOSCOPE

T h i s  i n s t  r um e nt  is c , t l i b i ’ a t  ed 
~~ 

r ~J’ t ’ 1 ti’ e in  ix  T L14 S4AR i ; a -i nt  01; :;  0 c _ i ’

n ian u a-i,

3. 7 I)VM

j~lt is i n s tr u m en t  j t ;  c a l i b r a t e d  i e . ; ’ i ’  f l t ’ ’c~ ’ J e ’ tt  I ’ . a - t’ k : c i ’e ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ; : l a - i n

tenance.; n ia nt i a l .

3 . 8 P A P ER  1’ RI NT E R  L O A J ) I N C

H en ’i uv e  SCaf l f l t ’l ’  f r o n t  pant’ ] b y to t’n i l lp  l o t -k in g  se r ‘ ‘ c _ S  u : ; ; ; : :  i i -: t o n

C C \V

2 , T u r n  pl’ in ter  l o c k i n g  sci’c’c_ c_ ’ rn axiu’ iuu rc t ( 0 \ \  a - n i l  i s a - I ]  Ill ’il ;li’i ’ (Jil t-

c_ Va i’d s

3. H eniove pa pe r ro l l  and s p i nd Ic ’ ,

4. I nse r t  sp i n d l e  in l e a p e r  ro l l  a-nd l ,e : ;d  in  p I ’ I n t c ’l’  so that P a - I c e ’:’ 0 , 111
V u n wi t ’ t d f r on t  t h e ’ 1~~

t OP.

5. i’c’ed pa pt  r b e t w e e n  pa-pc ’  i’ gu i dt ’  p Ut t  i ’s c _ i n t l  1 i t  \C i l l  go nt  f i t  i t  l i t ’ r

6 . Pie s s PAPER A L)V A N C  JO un t il  pape r cx  its front of pr j o l t ’ s ,

3 . 9 PAPI•: R l - ’UN CII

1 . P u l l  tin’ p o l i t ic e eu t w a r d  t ; ciii its S l i d e ’S .

2 . P I ; i e e ’  th1~ 110W lOP ~‘ cc _ ’ i I t ’ h in  ( l i t ’ 0]- ’] - I e e c s j ( j nn .

S A N T A  B A R B A R A  R E S E A R C I -1 C E N T E R  1 ‘1



3. I- ’i ace ’ t h e  H , U N / I , O A ] )  s w i t ch  in tin I.OAi) p ieSit ,ic ett , I I t s  i s  ,i ’.

C O u l l } d i s I l i ’d  b y m o v in g  tin ’ l e ’ ’ .’e ’r  t e e  ( i i i ’  h I t  t i i ì h i l  i t  e ’ i i ) ’ a ~~~e ‘ : t I c ’  -

4 . Place ’ ii 5 1)001 of t ap e  ot t  t u e  SU~ )~ e 1’y r e e l ;  l i l I ’ i - i d  i t  t I i I ’ ca ; i i ’ l ;  h e  
, :0

~t n 5  o u t  ~~~ op i ’ f l i  lt~~ in  the  f i s ;n t  p an t ’ ! . ‘J l i c ’  ( I t  i’ ‘ a - e l i  t i p  c _ c ! ’ i s  - ‘ ; - - ‘ . c _  cc

in  d i~ig t ’ a n t  on p u n t - li c I i ~c s sj s .  A d e  cal  j s  l ) t ( > U f l t i ’ e I  c c  ‘ a - e l i  5 1 ‘ :e  I i -  -

ad j ac- e ’n t  to t he  p u n c h  i l l u s t r a t i n g  th~ t , i 1 t c _ ’ p a t h .

5. P l a c _’ t ’ t i - i t~ POW 10 P s c _ c _ i t c h  in  t h e ’  ON p ea s  j t j c c t t ,

(e . i N c  r Mod i i  ]( PS 1 0 7 5 , this’ ad t I n ’  t a - l i e ’  I’ a - i l  e r  e ; u t ’ I t i e ’ c s I  , I Ii !‘ e ‘ ‘ I ’ .

( h i ’ i ’u l l c _ ’  i’s , and On t t )  t h e  t a - R i ’  — t i p 15-e l .

7 . P l ace  th 1~ R U N / L O A D  s w i t c h  in  th~ R U N  1 i r c s i t  l e a n ,

8. On I \ l o d c _’l H PS 1 0~ 5, lilac e t h e  SI’OOJ s ’’c’ ; l~c P in t h e  i i p h t ’ . - d  P° -  j l i o n .

9. If a lea-cl e r of tape with (eec_I heele s onl y i ri ’ q i i i  r ed , p r e S s  1- ’ 1010 I

sw i tch  u n t i l  the  r e qu ir e d  a n ioun t  of t ape ’ i s  p c _ i n e P t ’S

I 0 . If a l e ad e r  of tape wi th  code  h i o u c ’ s  oni y i s  r e ; c 1 i ; i r ;’d , a r e ’ 55 I )} O l .10 1 1 O

sc_; ’itcii u n t i l  the  cc’ qui r ed a mou n t  of t a -p c  i s p u n c h e S ,

3. 10 I 3LACKBOD ’i’ / T E M P E RA T U R E  CON I RO L L ER  CA L I I 1R A T 1 O N

1 T ,- , ’ .~ s ~~~~~~~~~~~~~~~~~~~~~~~~~ 
,, , -~ ,- , - 1 , ’  ,-~a 4’ , , , ,  ~~~~~~~~~~~~~~~~~ I -.- , , c . ’ ,-~n , - ~~ ‘ - - - , 

a , S t a nd a r d  the  rm oc o u p lc_ ’

b . M i i i  iv olt pi 1 en t iot : :  e tc  r , Lc’ t’d s a- I t S  N e - s l i t  r ti p, ~~ I c _ n I  ‘1 ~ e t  - c i r

eq u i valet-it

2 , P r io r  to t e s t  set i n s t a l l a t i o n, chc ’ck the ’ in t e m a - I  t i l e ’ I ’n S c t  00 ~l

a g a i n s t  a Blackbod y Starida r d .  A cu I ’Ve c c l  t c _ ’ n i p c ’ r e ; t c _ i m e  v t  u’ s tt s

c on t r o l l c ’  r t-n us t  Pc ’ p lo t ted at-id r e c o r d e d , T h i s  pr o c  c ’dU rca i i  a - t i ’ ;

the  b lackb od y wi  Lb the  c o n t r o l l e r .

3 . Aclju st the’ r r i i l l ivol t  pot~~nt ioui tet t ; i’ c o n t r e e l  t i  f or  t b t ~ b l a c k b e a c i v to:-
t e rn a l  thc_ ’ i’i’ytocou 1cl ; ’ (p l a t i nt in : , 1 ~~~ r l i e ; t I  i c _ t i l t ) .

4 . U s i n g  tO e m i l l i v o l t  po tcnt io :  c- ‘ ( e r C O f l V e ’ S s i o n  t a l ) i i ’  S S U I ; h i I i c _ ’(I c_v i t  Ii
t he  i n s t r u m ent , c o n ve r t  ti’it ’ i i ; j I h ~~v c c l t  m~~; ’d i n g s  t i e  de ’p;’ ec ’s ( e ’ t l t l —

oi ’; v ] e ’ (‘~C) or c]e ’~~ l’ !’es R e  I c _ i : :  ( 10 ), ~~~~~

5. A dj u st  both  b lackb od y c o n t r e d l o ’  r d i a ls  to p r o v i d e  a 5() 0 ° K t c ’ n ’t p e ’ ra  —

t u r e r e a d i n g  and l’e ’cor (I .

6 . A f t e r  t em np er a t u i ’ c’ s t ab il  i’i~at ion ( lnt ’t t ’r  y .e’l ’O),  c heck  t h a t  c_ t en t  I’ d h e ’  r

d ia l  t’ t ! i t c _ I  in g  con c ’ s  pond tu tin ’ Se ;;i i’ed I t’ml ee’ t ’ a t t i  Se  2

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R
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t , II Pi, N P 1’ COR 1 ) I - R ‘ ,‘\ Li I t s  ,-\ i P

Pt ’ i’f o i ’ i c i  I e e ’ t i  iSs o r d er  c a - l i h i ’~t t i e e n  as  e o i t l l i t e ’d i n  l’ e i ’ e t s lt R e t  c i r c l e t’ , N I c e d , ’ i

(I A , In sIr u i - l i o n  \ In n t t . i  I .

3 . 11 ‘i los-i ’ si’ ’ ~S\\  1’! ‘ I I ! : O ( ’, \ i ,\ I ’ R ] \ h  , •R O S S l A I . R  M }’ :ASI_ R ; - : ~~ 1 i - : N  I

I . ] c ’ s t  e ’ t I c I j I c i t l c ’ I i t  i ’ c ’ q i i j t ’ t ’d i s  iii;’ s , U l t i ’ as  t I ; ’sci ’ i h j t ’ e i  iii l i : i i’ .;~~~i’ , c h e ! ’

1 , 2 . 1 ,

2 , ( Ncnn ~’ c _ - t  a l - c _ t i l t  i ’n i s  s l~~u t , ; I  4 e , t ,  5, ca h l , i t ’ I U L ’ ,i J l ’ e c 1t ; c i t ’ \’  e e l  “ I  V I I : ’
and th t ’ i n t e r n a l  n i ’  c ’ \ t e ’ r i t , ; i  , c t t ; ’n u a - t c _ c i ’  ( t e h ’  dO f~~i’ I ( ) ( ! L - i Z , t t t t  ; t j ~~!t , c l V

in  the  p r c ’a i i l p i i i i e ’ r  ) t i c  t l t ’t e ’ c t c _ t ;’ s i l O  e c _ ; t • -n ’ c- o nn t ’ c ( e c l ’  p i t :  I I) ,

1, Ad~ u s t  t i n ’  l V l \ 1  ; ‘ e c ~~~t 1 ’ o15 a s  f e e I l o c _ v s ( s et ’ l- ’i g u r c ’  I _ c ,

F U N C’I ’ R ) N :  \ ‘A C (a~’~
R A N C I O ’. A t i ’ L C )

FIL ’l ’ER : O U I ’
‘I’iO P M IN A L: H EAR

1. A dj u s t  the  sc _ ’ quen c  i ’m cont  m e l  i t s  f o l l o c _ c _- s ( s c a t ’  Fi p c i  V t ’  I t -

S6 : I ’ ( ) CKOl . i i ’
S$: S I ( ~

5, Adjust t h c _ ’ s c _’ :tnm ’ r c o n t r o ls  as  f a l l o w ’ ;  ( s e e ’ 1’’ n u r ~ ’ 1 — 1

F IR S T  ] C O I \ p ,  :~
LAS’l’ I OU’, I i - - I

S I N GL E :  P r e ss in
H E S I :  i~ h e r t , s s  in
S’I’AR T : lk’ t ’ ss i l l

(;. P o s i t i o n  th~ N — b ar  (‘ontl’ (dls as t e , l h l e d \ V ’ :

SPOT SCAN ( ‘ 1  IA N N  101., : I I )

1 . R i ’c or i l  t i t t ’  I) ’\i’l’c _ l si g n a l  r e a c h i n g  f r o i i c  , c I d  ‘ i l a n n e ’is ,

8, F o r  i c e t ’ a s c i r i n ; ’  t i ’ o~~s t , e i k  l’ r i , o ;  ( l ; ; i : n c l s  , c i : e I  - I c , F e ’ I e c ’  ; e . : t t ’ e 5

I h r  oug h 7 ( o r  I i i ’  i t ’ s  j > e  e, l i v e ’ ha -  I i T l e ~ i s -

~ ‘fh~ i ’ I t , i t u c i < ’ l  (‘ z ’n s 5 t  i l k .  c _ ’ c c i t , i ; ’ c ’  r e . i d i i i g  i s  I h i t ’  c _ ’ o i t , e ~~~’ ’ dt ’ e , i i e e 1 e t ~c I
a( ’ ro s~ ; t he’ S\i e - i t c h t i l l g  i c , t t  i i ’ , (\‘ ( - ( - d , l i i i ’  i i’ c e s ~~ t , c l L  p t ’ i ’ i - c ’ l  ; ; ‘ h i t ’
a t l i ; u t t s e h  i s :

1 ( 11)

S A N T A  E 3 A R C A R A  R E S E A R C H  C E N T E R  I;
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W h e ’ l ’ i ’ :  V~~V I1 , :A S - output c_ ’c a l t a - g e  n i i ’a su r e d  oil i a - e l I  t h l d f l f l e ’ i  \VI1 e ’Il

a c r t e ; ; s t a l k  c a l i h r a t i e c n  s i g n a l  i s  i n j e  c I t e 1  ofl

tin ’ r i ’ f i ’ r e n c’ed t e st  - h a n n c ’ i  ( 1 0 , 30 , c -c r  - R e  I

V 51( ’ onit 1, u i t  c_’ e e l t i t g e I)’ii’ aS ’ tI’ t ’d (en ~~~~~~~~~~~~~~~ t e ’~~~ t

c h a r i n t ’l  ( 1 0 , 10 , c_i l ’ t O )  c _ V h j i e ’ ( l i e ’  c_ lo s

c _ a  Ii Ii i’ at ion si g n a l  is  a 1) 1- i l  i t t!

~~e - t ’  ‘Fabl e 3 — 1 , C han n e l  gn~~l f T c ’  st  Si gna l  P ,,~t i  c _ c s  i n  U -  - c e n t ,

3. 13 GAS P A NE L  PRESSUR E G A U G E  cA L I I I R A ’r l ( )N

3. 13 . i ~~~~t i j ?ment_R e qu i l

I c_ - l a s t e r  P r e s s u r e  G a u ge , I l e i s e , ~-Iod i: l 17 , ’ or  e q u i v a l e ’n t ,

3, 13 , 2 Ia- r c c i ’dur c ’

I . U s e  F r e o n  l ’i g a s  f o r  p cr fo r rn i ng  g a s  ~ ane 1 c a l i b r at i o n ,

2 . Pos i t i on  C R Y  OSTAT PR E S S U R E  sc_ c_’ itch to OFF.

3. A t t a c h  m a s t e r  p r e s s u re ’  ga u g e  to r y o s t a t  i n l e t  pr t ’  s s c _ c r e  l i n e ,

The  r o a s ter  p r e s s u r e  g a u g e  sht ulcl be in an  u p r i g ht pu s  i t  Ion
f . ,: -, ta-, 
L a . t ,f le L, 1-, L

4 ,  Set th~ c o m p r e s s o r  hi g h l i m i t  s w i tch  to 6000 p s i g and  t i n ’  1- c_c
l i m it s w i t c h  to 3800 ps i g,

5. Pt si t ion  the COMPRESSOR s w i t c h  to oi~: a l l o win g  the  sy -a- c ; -

p i ’e SSul ’C to r i s e  to 3200  ps i g c_)n t he  c o m p r c ’ s s c e r  p s i  g a - u~.
Pos i t ion  the COMPRESSOR sw i t c h  t o  OFF . Ii t h e  s y s t c ’n l  i s
a l r ead y ab ovc ;  3200 psi g, d i s r e g a r d  t h i s  s t ep,

6 . J)o not  ad ~u st P e g ulat  i S  No. I unle  s out  it’ t ~~ i i  ug  e of ‘ i ’ps  I a - t a - i
No .  1 reads less than  32 00  ]) sig  a f t e r  s t e p  5.

7. T u r n  R e g u l a t o r  No. 2 f u l l y CCW ( c l o s e d ) .

8. C lose  the d u m p  va lve  (dr ~’vn ) .

,4 , I-~t e ; ; i t i o n  C RY O STA T  PR J O S S U P  IT ‘, ‘,,‘i t :c l i  to (‘) TO ,

1 0 , A d j u s t  H ‘gi~la t u e r  No.  2 t o  31 00 
~~ 

ip ot t  ma-s  t t ’  t’ 1°’ e s sore p atige ’.

1 1 . Sluv5’l y i ) l c ’ ( d  sy s t e ;n l  to 3000 ps i g ofl th c ’ nias tc’n pl’c ’ s SU l ’ e ’ t a u p e ’

b y c a r e f u l ly l i f t i n g  the  o hi m p  v a l v e ’ b an d i t ’. W h e n  3000 p si p i s
a c h iev e d , r e c o r d  an(i l ab e l  a l l  ~ at i g i ’s .

-
V 

12 . A dj u st  R c a g m i i ~i t o r  N a - . 2 u n t i l  (h i ’ i t i a s t t ’ r pI’ t ’ s s u n i ’  t a - t i n ’ i’e a r l s
2 500  p ’ i g .

V 13 , R e ’ c u i d  and l a - l i c _ ’l t h e t  - i ’y o r t i t t  p r i ’ s s t i i ’e ’  g a - o p t ’  w i t h  t i t i ’  i i e , e s l e ’r

p1’ e ’  S 5 0 1  t’ p a t u g  ca .uI jil sit’S to 2 500 p:~ i g

S A N T A  B A R B A R A  R E S E A R C H  C E N T E R  3.. 7
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5BRC

‘ia-b it ’  I - I . C h a n ne l  Si g n a l  lie ~~t Si p na - i P c t  I c ;  -s in  I c ‘ j ’cc ’n t

— 

CH A NNE L ~-V C C P1IA~~NI I %VC C C lIA -2~I I ‘~‘V pp CHANt’S I

0.9 Il i , 4 33 1 . 3  49
2 1,2 18 1,0 34 2 . 1 50 ‘-11 . 5
3 1, 7  19 <0, 8 35 1, 4 51
4 2.0 20 <0 , 8 36 1, 0 52 ‘-~f t s
5 1.5 21 1.7 37 0. 9 53
6 2. 5 22 4, 0 38 <0, g 54 <0 , ~

— 7 1. 3 23 2. 8 39 0. 9 55 <0 , S
8 3.8 24 1 . 6 40 <0. S Ste ‘5) , S
9 4,5  25 1.6 41 <0j - 57 < O S

10 - 26 <0.8 42 <0 . 8 58 <0 . ”
II  4 .7  27 1,3  43 <0, 8 59 <0. 8
12 2.4 28 <0 , 8 44 <0, 8 60 ‘-5 S
13 1. 1 ~9 <0, 8 45 3, 0 61 <0 . 8
14 1, 1 30 2, 7 46 1,0 62 <0, 8
15 1 . 6  31 <0.8 47 <0.8 63 <0,8
16 1.0 32 <0. 8 48 <0. 8 64 <0, 8

1 1, 1 17 3. 0 33 2. 8 49 1, 1
V 

2 1.5 18 1.8 34 4 .3 50 <0, 8
3 3.8 19 1. 1 35 2.2 51 <0, 8
4 3.0 20 1.0 36 1.9 52 <0, 8-
5 1.6 21 4 ,4  37 1.1  53
6 2. 1 ~?‘? 3. 7 3% 0,9 54 <ft S
7 2. 1 23 3.9 39 1, 5 <0, 8-
8 2 .3 24 

- 
1 . 9  40 0, 9 56 <0. 1

9 , 3. 6 25 1.6 41 0,9 57 0 ,9
10 2. 8 26 1.2 42 1. 2 58 <0.
U 2 . 0  27 2 , 8  43 1 . ] 59

12 2.0 28 1,6 44 1.3 60 <0. 8
13 1. 6 29 1,4 45 3. 2 (c i <0. 8-
14 1.8 30 - 46 1. 4 62 <0,8
15 2.2 31 1,3 47 <0,8 63 <0 ,  8

16 1 . 8  32 I .  2 48 <0 , 8 (e4 <0. 8-

1 <0. 8 11 1.7 33 2. 6 49 0. 9

2 0,9 18 1.4 34 4 , 4 50 <0. 8
3 1,7 19 1.0 35 4, 1 51 <0.51
4 1 . 6  20 1 . 1 36 2. 5 52
5 1 , 1 21 3,8 1, 7 53  1.?
6 1, 4 22 3. 8 38 <0, 51 54 <0. 8
7 1. 7 23 2 .2 39 0.9 55 1 , 0

8 1, 7 24 4.0 40 <0, 8  5e,e 1 , 3
z 9 2.5 25 2.8 41 <0.8 57 1 , 6

10 3.0 26 0.9 42 1.? 58 ‘-0.8
1 1  2. 9 27 1. 5 43 2, 0 5’) ‘.0 , 8

12 3. 7 28 1.0 44 1 ( e  60 <(1, 8
13 1.0 29 1,0 45 - 61 <0. 8
14 1 . 1 30 3. 1 46 3. 3 62 <0. 8
15 1, 3 31 1.2 47 1.? (t3
16 1. 1 32 1.3 48 ‘0 , 8 e~l ‘:0 , 8

S A N T A  f 3 A R R A R t -  R E S E A f l C H  C E N T E R
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H . A d ’j i i ;~t P t ’ g u l i t o i ’  “~e c . 2 t i n t  ii I li t’ ii~a~~I i’i’ ~) t ’ i ’ S 8t1 I’ (’ L S t u g t ’  1’ (’ , t c I S

800 ~e~~ i p .

J i ) i~ e c _  oj ’ 5 o n cE l a-b c_ I t h e  c r v n s t , i t  ~~~~~~~~~~~ a - t O U t ’  ~t i t i i  i l i t ’  t I l ; i s t t ’i ’
IC’  g a - o p t ’  i i l j t l S ( t ’ ( l  t i e  80( 1 l~~ t P .

1 ’~~~, P osU  t o n  (~ R~~’OS ’l’A’1’ P R ES S I .’- if l-  s c _ v i t t l :  t o  OF1” .

17 . l I l t ’t ’ t l t h e  o u t i e t  sv~~I e ’ i n  t l i i ’ o t i p h  t , e  out !~~’e ( Ic _ i n :!) v , i i c _ c ’  (c i  ( I

18 . l)etot - li ti-ic m a - ; t c r  p r i ~~.s s01’( g : c u i ’ t ’ .

3 , 14 FLOW M E T E R  CAL 113RAT It3~S

3 . 14 . 1 E qu ip u n en t R c ’ u u i r e ’ d

I . Wet T e s t  I c _ l e t t’r , Am e r i c a n  M e ter  Co . , Mode l  A l , ]  8 — 3  or
e q u i v a l e n t .

2 , Need le  Va lve , l lcj kt ’  M o d e l  2 p Y 2 8  1 or equ i v a l e n t.

3 , 14 . 2 P r o ce d u r e

R em o v e  f low m e te  r f r o nt  t e st  set  to p e r fo r m  c a l i b r a t i o n .

2 . Connec t  l ine of we t  t a - S t  i n c ,’t er  to in le t  of f low m e ter  uncle i’  t e s t ,
U s e  i d e n t i c a l  s i ze  t u b i n g  as  i n t c ’r f a c e s  t h e  c : ’yoe~t at  w i th  the  /1 c c _ v
m e t e r ,

3 . C o n n e c t  d ry  ga- s  supp ly h a c .’ in g the  n e e d le  valve ’ in l i n e  to th ea - w e t
t e s t  me te  r inl et se t to 3 l i t e r s  / r n i nut e .

4 . Set gas  supp ly p r e s s u r e  to 2 50  p si .

5, E n s u r e  al l  in le t  w a t e r  f i l let ’  va lve s on f low  m e t e r  a - F e ’ c l o si -’d ;
do not  exceed  h oc_v m et e r  c ap a c i t y  of II l i t e r s / r n i n c _ i t e ,

6 . Open d r y  gas  supp ly v a l ve  and run  g a s  t h r o u g h t h e ’ c _ e e l  t e s t  m e t ’ ’  i’

f o r  15 m i n u te s ,

7. Close d r y  gas  s u p p l y  V O l c ,’i c o nn e c t  ot i t l e t  l i n e  (if the  wet  t e st
n - i et u  r t o the  f l ev, ’ !flF- t.c ’ r u n d e r I.e ~ t . U si i d e n t i c a l  s i7~e t c _ t l ) i f l 3 t
as intc’ i ’fa ci ’ s I hi ’ C )‘~~ 0 s t a t  e~, - j t I  t l t ( ’  fj i ’\ \ ’ n ’ t  e’ r .

it . Open dry  ga - s  , s u upi’,- v a - i c _ ’e ,’ ;  c c e l n J : c r i ’ t i ;  1’e ’ ; ’di i1 g ;~ b e ; :  v’ c - c  c c  I: -

wet t e st  n-ietc r and the  f low m e t e r ,

9. R e c o r d  the  f low mete r r e a d i n g ;  p l a c e  c a l i b r a - t i  c c l i  l a be l  on T i  c e ’ t e ’  1’ .

10, II er r o r  b e t w een  the ’ \‘, ‘ e ’t U ’ t  r n e t c ’r and t h e  f 1 o c _~’ ine’I e,’r i s g r e a - t e c’
than  2S~~e, f l - i e t e r  m u s t  be set -it to f a c t o r y  or a u t i i o t ’ i z c ’d  S e rv i ce  —

c e n t e r  f u r  a d j  ‘a-s t i r t e nt ,

11 , Re  i n s t a l l  f l ow t e c t ’t c_ ’ r in S AI I -  T e n t  Se’ t and b a lan c e .

S A N T A  B A R B A R A  R E S E A R C H  c I l I r ER  3. ’c
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Sec t i o n  4

P R  J ’ V l N T I \‘ J’~ M A I N ‘r E N A N C’ 1’

4, 1 G E N I :R A L

The fe~ i lo~ .’i i ig p i~e. V e’ 1’I t 1~s C  m a - m t ‘ - a - a - a - ’,. t’ p i  c e ’ d u i ’ i’ sl~,S1 b~ ~~t ’1  f c ~~ i e s ’  I cit

e v e r y  c a l i b r a t i o n  p( ’ l’iud ( t ) 0 — d a y  ; e ] i b r a t i o n  c y c l e ) .

V ~~ 2 PR O CE I) U R E

R e c o r d  the  1e r  e ‘~‘ i ’ f l t i c _’e ’ n ia i n t e na nc  e ~~ i’ uc i’d , ,  r :’  c rio r e  a- j~ a
Preventive ~‘S~ i itt t c’io ni’ c_ l , o p .

2 . C l e a n  t e s t  c i t  e x t e r i o r  a-n i l  v a c uu m  i : : t c ’ r i o r  t h o r o u g hl y ,

3. Clean all f a n s  al-id f i l t e r s ;  oi l  L : o t ( - r ~f f l ( ’ C C S

4. Check  al l  t e s t  se t  i n t e r n a l  c a b le s  f or  good ccn:-~ ’c t i o n  at t i ~ c _ ’ i r
r e sp e ct i ve  c o n ne c t o r s , C o r r e c t  w h : c _ ’r e,c ~ pp l i c a - d e .

S. Check  b l ackbod y c o n t r o l l e r  n :c~. ’ t a - r  for  mdl .

6. Pos i t ion  s e q u e n ce r  R E AD Y  sc_ v i tc t i tü  L O C K O U T , r c ’ t a - t e  1’CN ( ’ ’I I O N
switch to S I G N A L, and i n sp e c t  b lackboc l y c a v i t y .

7. If  f u r t h e r  m a i n ten a n ce  is r e q u i r e d , p e r f o r m  t h e  n e ce s s a r y  r e ; - c i l ’

- and r e c o r d  in the P r e ven t i v e  M a i n t e n a n c e  Le, e L ,

4 . 3  C R Y O G E N I C  R E S I D U A L  T A N K  A N D  D k Y E R

The r e s i d u a l  t a n k  a n d  d :- \’ er  i s  l o c a t e d  a t  t h e e  b a c k  o f  t h e  t e s t

set in t h e  i n l e t  s idc ’  of  R e g u l a t o r  N o .  2 .  ‘i’h e t a n k  a n d  d r y e r  r o —

v id e s  a c o n s t a n t  p r e s s u r e  s o u ~V c e  t o  a c c i s t .  i n  n:~; i n t n i n i n g  t h e  r a - g u~
la tion of C c  gas s u pp l y  t o  t h e  c r y o r L V 1 t , as  w e ) ] .  a - s  p r o v i d i n g

I : t ~ t ~ c ~ a- c_I 0 e-y I a- p. of t h e —, r q ~i 3 i a- i l  ‘
~ 3: a - c ;  1: n i ’  0 0 ‘

~ 
c- i

r e p u i r c ’ s  p r ev e n t a t i ve  m a i n t , e n on c e  a t  i n f r e q ue n t  i~~t e c _ v a 1 s  d c _ p e n d i n g

on t h e  v o l u m e  p r o c e s s e d  a n d  p u r i t y  o f  t h e  gas  u s c ’ i .

As a gui d e l i n e , r e .p l a cv t . c c u t  o f  t h e  r e ’n o v , i b l ’ ’  c a r t r l d 1’, e O~ t i l t.’

tan k a n d  d r y e r  is  r e c o m m e n d e d  a f t e r  t i S i ’ W i  i i i  t U ~~’ i t t y  ( 2 0 )  -~

Fr eon 14 i’ a l; b o t t l e s  . S p a r e r .  may l e e  p u r c i i V e : t.e l f r . e r:i R o t c h i n s  \ ‘,‘ l : e t j e c fl ,

I n c  • , 38 17 S au i, ‘ Fe A V C O O  P , V t ’  r o e  u , Ca i r a- 00 ‘
~ 8 a-~ 

d c  u r e 1 c r

C ~~~ ‘ t r I dl: C , R/c I’— S P ‘r~p; 
~
‘ 

i l l  c C Ot ’  t ( 1  9 7 ‘c ) , 1 a- H o t $ ~~

S A N T A  B A P  B A  ~~~ R L S E A I - I ,CH C E N T  Li ’ 4 -1
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4 . 3. 1 R t ’ n i o v a - i  ~~~ r i r  C a - r t r i  d p . ’

T h e  r e s i d ua l  a n k  a n d  d r y e r , t o g e t h e r  w i t h  t h e ’  i e t e i a e e n b ] c _

car t r i d  p. a- , sit a 1 1 b a- r e m o v e d  i c_i a- C cc  i c _ I a n  ci’ 5’ 1 t h  t ii e f a I I ow i n  p p r 0—

ce d u r e :

1 . Cl os e itt’ g u 1 a t o r N o  . 1. ( 0 0  t I.e I p r C’;.  a- u r e a- a- ro  )

2 .  C l o s e  R e g u l a t o r  N o .  2 ( o u t l e t  p r e s s u r e  z e r o ) .

3. Set C r yo s t a t  P r e s s u r e  Sw ~~~ c i i  ON , Coi:p r~-’ssor Sw itc h  O F F .

4 .  C a u t i o u s l y  o p e n  D u ; ;p  V a l v e  t o  b l e e d  s y s t e m  f r o m
R e g u l a t o r  N o .  2 .  L e a v e  l ) u m p  V a l v e  o p e n .  

V

5.  Cautio usly open Re g u l a t o r  N o .  2 t o  b l e e d  r e s i d u a l
t a n k  a - m c i  d r y e r .  L e a v e  R e g u l a t o r  N o .  2 o p e n .

6 .  At r c a- c  o f  t e s t  s e t  ( t o p  d o o r  bc ’l ’c i i i d  C r v o g e n ~~c
Pane]) i d c n t ’ 5 f v  t h e ’  r e s i d u a l  t a n k  a n d  c _ l i v e r , i a - l e t
a - n d  O u t  ~ c t  g a - s  l i n e ; , a n d  n c _ ’ c l i , ; n i c e _ l m o u n t i n g  c o n —
n e c t i o c i s  ( r e f cr e n c ~ D r a w l  n g  2 9 ” e 8 5 )

7 .  D i s c o n n e c t  i n l et  at -i d o u t l e t :  ga s  l i n e s  a t  r a n k .

8. D i s c o n n e c t  m e c l t a n i c a l  m o u n t i n g  c o n f l i c t i o n s  a n d
remov e tank from the test s e t .

~~~~. U i i ~~~e i e w c _ u p  e o , - e c_ o f  L~ -. 1 k .

10. L i f t  o u t  p u r i f i e r  c a r t r i d ge a n d  se t .  a s i d e .

4.3.2 
~~~~~~~ 2,f .  ~~~~ iVP~~ L C a r t r i d ~~~

1. R e m o v e  t h e  s e a l e d  p l a s t i c  b a g  in  w h i c l t  t h e  c a r t r i d g e
is p a c k e d .  R e m o v e  t h e  r e d  p l a s t i c  t a p e  c o v c r i np .  t h e
v e n t  h o l e s  a t  o n e  e n d .  R e m o v e  t h e  p l a s t ic  c a p  I r on
the tube at the other end.

If a spare cartridge is n o t  a v a i la b l e , t h e  u s e d  c a r —
t - r i d g e  m a y  l e e  r e f u i h i s l - i e ci by  b a k i n g  a t  120 ° C i n  vac -
u u m  f o r  a t  l e a st  o n e  h o u r .  T ) i s c o n t i n u e  b a h i n t ’  a - n d
p u r ge w i t h  d r y  n i t r o p e n  as  t h e  c a r t r i d p . e  r e t  Inn s to
roor i t,~ - n j e c ’r a t - u r e .  ‘ f i i i c ,  r c I c _ c r b i n h i m c _ ’~’t i  i s  b o t h  nore
e x i L : c f . : . v t .  a - n d  i e ’ , ;S e f f i , c i t . . ;  t h i c u t . i~~’ r c _ p~~a c a ’ s t- n t
of t h e  ca rtridge.

In h a n d l i n g  t h e  c a r t r i d g e , u s e  clean l i n t — h a-c
g l o v es  t o  p r e v e n t  c o nt a m i n a t i o n  b y  b o d y  o i ls  on  t h e
car t r I. d g e.

2 .  l r i s e rt  t h e  c a r t r i d g e  i n  t h e  t a n k  ( c _~’1 t it v e n t  h i c e l e s

u p ) .  ~1i . e  lu b e a t , t h e  1)ot(orc of t h e ’  c a r t r i c l . t m u s t ,
1, a- ~‘ a I a- d a g .i i n :  t t h c’ p re S a- or a- o f a - t i  i — r in  i: a t t. Ic
b o t t : o ; i  o t  t h e  t a n k .

S A N T A  F A R L t A R A  R E S C A I~CH C E N T [R  
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3 . It a - p  1 a c e ’ t ii e I e, c p c- ce V en 1’ c’ I t Ii a- t a - i t  1. a n d  c F e W  1 P i~ 1 a c t ’

U n  t I I w e  ~1 I — a- a - a  t, i ’d a i t  ci nt a i  -:5 on  t i t  a- C O  V I ’  r a i d  t a ti:
b o d y  a r e  a l i g n e d .

4 . In s  I a - I  I t i e  a- t a n k  i n  t lt  - t c’s t S e ’  t , e i i  0 e : c ’n n  (‘ c ’ t t 1: a- l i t — ’
I c’ I an  ci c ’u  t I a- t p. as I i n e :; ( r c Ii’ i’ a- a c t ’ 5 c_ ~ a-~~~~~ a- it ~I 7 o I
4 . 3 . 1 )

5 .  C I o n c ’  I- ’~c p . u i a t c r  o .  2 .

6 .  Set Crvo sta t P r c ’ s s u r c ’  S~-, i t c h  O F F .

7 .  C l o s e  D u n p  V a l v e .

8 . Co i-i I i t ’m t i e a t F r e  on 1 4 p .r  a- S U p p 1 y b o t~ I e I s p r 0 pc’ r 1 v
COfl htf’ c _ i _ C_’d a- n il \ ‘a ] v e  i S  0 1 ( 0 .

C o n f i r m  t h a t  C o m p r e s s o r  G a u g e  P r e s s u r e  L i n i t  S w i t  a - l ea-
a r e  s t  a t  6000  (111 g b )  a - n d  3800 ( L o w ) .

10. S c _ c t Cc’mprc ss;or Sw itch ON.

11. W h e n  p r e s s u r e  i.s i n d i c a t e d  on i n l e t  g a u p e  o f  R c _ ’ p . u l r t o r
C N o .  1 , s l i g h t l y  o p e n  R e g u l a t o r  N o .  1 t o  a l l ~~’, .’ p r e s s u r e ’

to b e g in to build u p  in  r e s i d u a l  t a i k .

1 2 .  C o n f i r m  t h a t  g a s  l i n e s  a -nc!  f~~V L t 1 f l p . a -  a t  t h e  r i ’s ]  d n a - i
ta n k a r e  p r o p e r l y  i n s t a l le d .

13. When inlet pressure of Regulator No. 1 is at l e a s t
3300 , ad~~u s r  R e g u l a t o r  N o .  1 f o r  o u t l e t  p r e s s  o r e ’  ‘f

V 
3 6 0 0 .

C A U T i O N : R e g u l a t o r  N o .  I m u s t  be opened s l ow l y ,  a n d
the ’  a d j u n t r : : e n t  m c t n i  t o r e d  c a r c ’t ’, ; i V l v  . O u t ’ l c t .  p r e s s u r e
w i l l  d r o p  r a p i  0.1 y t o  i it i  t a - l i ’. f i l l  t h  ,c r e s  c lu a  I a n
P e gu l : t o r  N o .  1 a - n e t :  P - e n  O p e ’ f l e’ d  o n l y  s u f f i c i e n t l y  a - n
t h a t  t h e  o u t l e t  : ‘r ea --;~ ; u r e  i s  3600  s l i e n  l i t c r e s i d e ; : ; ]
t a n k  in  f u l l y  r e r e n a - u r i a - e d .

J l ~ . S~ t C c ’ y en t a t . P i~ a- ss  a- r a- S c_: i t cli  C) N

] r 
. S Joe  ~ 

‘,‘ 0 1 e c ’f l  t en p .o  I a  t c r  0 . 2 a n  0 i a- .1 c_i V a a S I (1w 1’ 1 ow
t h r o u g h c r y o s  t a t  o u t l e t  t u b e  f o r  f i  f t e c ’ n m I n u t e ; ;  t o
p u r g e  sy n c _ c m .

16. Se t  Ci’ ) ’ o n L a t  P r e S S U r e  S w t t c ’ h OFF ’ , a - i t ch p r o c ee d  as
101 t h e ’  t I a -m e  ‘I i  a t cc in:  t’  (

V
e f  t h e  i a -  t a- C t i n  d i  a - a t  I V

S A N IA  I A R P/ ’ , LA  P E S I A h t C ’ i- h C I N I ’ EP - t 6— _ i

_ _ _  .
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PHILIPS BROADCAST EQUIPMENT CORP.

A NORTH A M E R I C A N  PH I L IPS  C OMPANY

- 
ELECTRO-OPTICAL and INFRARED

I Our Government Systems Division is a
leader in the field of electro-optics , with

I - emphasis on infrared technology. Principal
activities include infrared imaging systems ,
low light level television systems , TV sys-

I - tems for defense, and short-pulse X-ray
detection systems.

TELEVISION BROADCAST SYSTEMS

Complete Norelco color and monochrome
- TV facilities as well as studio and mobile[ units for TV stations and videotape produc-

tion companies.
- Plumbicon Color Cameras and Film Chains,

Portable Color Cameras , Console Housings,
VHF Transm itters , Color and Monochrome
Monitors, Switching and Distribution Equip-

-t . ment, Audio Systems.

NORELCO VCR

— New color video cassette record/p lay unit.
Super b color TV in the convenient 1/2” tape

T cass’ette format. Extremel y porta ble and reli-
t . able,”~b~ educational , training, promot ional

V - and busin’~ss commun ications in schools,
medicine, industry and government.

COMMERCIAL VIDEO SYSTEMS
Norelco color and monochrome TV systems
for industrial , educational , medical , military

• - and Cable TV applications.

AUDIO SYSTEMS

Full systems for radio and television sta-
tions , recording studios , theaters , churches , 

~~~~~~~~~ schools , industry, hospitals , and all si nrt ’~
• and entertainment facilit ies.

S S - Paging and Intercom System ”., ~imc i I tan
eous Interpreting System s, Sound D~ Ia~PHILIPS BROADCAST EQUIPMENT CORP. Equipment ,Microphones , ’\mpI~t e r ~ \ C eunO

A NORTH A M E R I C A N  PHIL IPS  COMPANY Columns , Loudspeakers , \~~e~~ ‘ig ( c~n’.u~.ONE PHILIP S PARKWAY , MONT~ A
, 

, 

~~~~~ V !1c~~~~~~~~~~~ 
Tape Duplk a t n n~, MuItI-Charirti’ ! ( -

nication Recorders ,
I

- ~~~~~~~
- --
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