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SECTION I

INTRODUCTION

I 
_ _
GENERAL

Phi li ps Audio Video Systems Corp., Gove rnment Systems Division (PAVSC/

GSD) ~ as completed Advanced Product ion Eng i neering (APE) for the DRAGON Ni ght

V is io4,~Si ght AN /TAS — 3 .

The AN/TAS—3 is a lightwe i ght , batter y powe red , passive infra red imaging

system which is used with the Guided Missile System , Surface Attack ML+7 (DRAGON) .

I AN/TAS-3 enables the DRAGON gunner to sea rch , detect , recognize and aim at

targets during hours of darkness and to accuratel y track the target during

fli ght of the DRAGON missile. The AN/TAS .3 is shown in Fi gure 1—1 . Fi gure 1—2

is an exploded view and listing of major subassemb lies .

This Fina l Report is submitted in accordance wi~ the requirements of

1 Contract No. DAAKO2-7 3-C- 0047 , Contract Data Requirenient\ List No . A022.

1.2 OTHER DOCUMENTS

Othe r documents associated with the APE and ED programs for the AN/TAS-3

I inc l ude the followin g:

• PAVSC /G SD - GSDR No. 815 , June 12 , l975, Product ion Plan .

I • 

. DL61e9O69 Data List , Ni ght Vision Sight , Infra red , AN/TAS—3 ( ) .

• SM_D_6L+9070 Assemb l y Drawin g, Ni ght Vision Si ght , InfraredI AN/TAS-3(

NOTE: The followin g documents are app licable to the “ED”

I model AN/TAS-3 onl y.

• DTM11—5855- 21+1 — lO , Operators Manuil for Ni ght Vision Siqht ,
Infrared , AN /rAS—3 ( ).( • DTM11-5855-24l-20 , Organizationa l Maintenance Manua l
for N i ght V i s i o n  Si ght , Infra red , AN/TAS — 3 ( ) .

t • PAVSC/GSD GSDR No. 639, Techni ca l Manua l for Niq ht
V is ion Si ght , Infrared , AN /T AS — 3 ( ) .

‘
I • PAVSC /GSD GSDR No. 805A , Final Report for Nig ht Vision Si ght,

Infrared AN/TA5 3 (ED Model)
1 — I

. . . , 
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1.3 PURPOSE OF PROGRAM

Requirements for this program were to p roduc ib i l i t y  eng ineer the

Eng i neering Deve l opment (ED) Model of the AN/TAS—3 ~nd to establish a pilot

production line . In addition , technica l data , Special Acceptance Inspection

Equipment (SA lE),  manufacturing methods and product ion tool ing we re to be

deve loped. The prima ry purpose was to minimize the lead time between the

ED phase and p roduction deliveries.

1-4
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SECTION 11

• PRODUCTION ENGINEERING

2.1 PRODUCIBIL ITY

During the APE program the entire desi gn of the AN /TAS-3 was reviewed

for proc uc i b i l i t y  to det erm ii.± what changes or m odifications could be made

to enable production of the AN/TAS -3 at m inimum cost, The results of this

S 
review are discussed in paragr ap hs 2.1.1 and 2.1.2 wh ich cover

S 
the electronic and mechanical desi gns.

2,1 .1 PRODUCIB ILITY , E L E C T R O N I C  D E S I G N

Early in the program a review of the electronics desi gn indicated a

number of areas where the major electronic producibi l ity effort was to be ccn-

centrated. Incl uded were the low voltage powe r suppl y, boresi ght pulse gener-

ator , high voltage power supply and the bias network assembl y. These and other

assemblies are discussed in the following pa ragrap hs.

2 .1.1 .1 Low Voltage Power Supply, SM-D-770179

The Low Vo l tage Po’•ie r Suppl y (iv Ps) , be i ng one of the AN/TAS-3 sub-

assemblies w ith a relative ly h i gh assemb l y  labor con tent , was selec ted for a

major producib il ity e f f o r t . The LVPS circui t was si m i l a r  to the cir c u i t  being

used in the Handheld Viewe r (HHV) AN/PAS-j which had been previous l y hyb ri dized .

Therefore it was decided to incorporate the HHV hy brid i nto the AN/TAS-3. A

S 
specification contro l Draw i ng SM—A—770528 was developed for the hybrid and a

prototype module , SM-D-77O179 was fabricated . This prototype module was sub-

sequentl y tested over the full operating temperature range of the AN/TAS-3 .

Results of the test were successful and the module was released as part of the

AN /TAS-3 APE model.

2—1
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The affect of i ncorporatin g the hybrid can re adily be seen in Fi gure 2— I

and 2—2 which compares the “APE” printed circuit ass emblies with the ori g ina l

“ED” vers ions . The “ED” LVPS required 96 electronic components which was re-

duced to 34 in the “APE” hybrid version , a reduction of 6~4 percent .

Other imp rovements to si’np l if y assembl y and test we re also included.

Hinq, ’s required to provid e access to he m odule and separation between Board

No . and Boa rd No. 2 on the “ED” module we re e limin a ted by des i gning the modu le

so tha t i t can be comp l etel y removed f rom the scanner housing. In addition ,

Board No. I and Board No . 2 in the “APE” mode l are desi gned to “p lug toeether ”

as compared to be i ng “w i r e d  toge the r” on the ED model.

2.1.1, 2 Boresi ght Pulse Generator SM—O-77022l

Fi gure 2-3 illustrates the APE model Boresi gh t Pulse Generator SM—C-

770221 wh i ch rep laced the ED model Angular Position Detector SM-C— 649081 . T h i s

p rodu c i b i l i t y  change enabled a sing le IC amplifier to replace a 14 component ,

po tt ed cordwood type mo d u l e , as i l l u s t rared  i n F i gure 2-4. Add i t i onall y, a

s i m p le LED Photo transistor detector , SM—A-770464 , replaced a 16 p iec e electro-

op tica l detector , r e f e r  to Fi gure 2—5. Th is cha nge elim inated length y a l i c~nrnent

and assembl y procedures while y ieldin g imp roved re l i a b i l i t y .

2. 1 . 1 .3 Bi as N~ two rk Ass ei~~jy_

The total bias network for the 64 element AN/TAS-3 detector consists of

21 SM_D_ 6 L+ 9lO l and one SM_ D_ 61+9l07 printed ci r c u i t  assemblies . These PC assembli es

contain the 614 discrete biasing resistors for the detector . The assemb l y l a b o r

required for this subassembl y is hi gher than any other subassembl y w i t h i n the  ~N/

TAS—3 . Therefore a major effort was begun in an at t emp t. to s i inp l fy th s un i t .

The evo l ved p lan was to produce a h ybrid re s i s t o r  package and a hybrid FET package .

S 2-2
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The hybrid resistor package was to contain 11 resistors wh i ch were to be

laser trimmed to enable matching of detector responsivity. This approach

t would have enabled reducing the number of bias PC assemblies from 22 to 6.

Addi tionall y, a multilayered PC mother board and a printed flexible cable

were to be incorporated to eliminate the extens i ve cablin g required.

1. An order was placed with Sprague to fabricate the hybrid re-

sistors. In paral le l , desi gns of the new bias and mother PC boards as well as

the printed cable were completed and prototype part5 ordered. In J ul y of 1973

it became apparent that Sprague was having difficulty in fabricating the re-

sistor hybrid. Investi gation revealed that the problem was centered on the

use of nichrome for the resistance element which necessitated a 1/2 m u ele-

mental line width. This elemental line widt h and the associated element spac-

ing resulted in prob l ems of bri dg ing and voids that could not be overcome . An

attempt was then made to use silicon/chrome , an experimental material at Sprag ue ,

-
~~ as the resistive material which would have allowed a one ,ii i l line width thereb y

eliminating the bridg ing and void problems . The resul ting silicon/chro ,ne units

produced we re unstable and subject to drift.

At the time the nichrome problem was recognized it was decided to re-

eva l uate APE use of the ED desi gn. It was found necessary to follow a pa rallel

approach whereb y eithe r the hybrid desi gn or the ED discrete desi gn could be

t incorporated into the APE un i t s .

Late hybr id  de l i very  s l i ppage and the afo rementioned silicon/chro m e in—

I stability fina l ly resulted In stoppaqe of all further resist or hybrid effort in

January 19714. As a result the ED desi gn was carried ove r into the APE models.

S
I
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2.1.1.4 High Voltage Power Supply SM-D-j702l1

S Fi gure 2-6 illustrates three vers i ons of the hi gh vol tagn power suppl y

(HVPS). Shown are the ED mode l SM_D_ 61+ 9llO , APE model SM-D-770211 and a hybrid

model. Desi gn of the hybrid microcircuit was initiated early in the APE pro-

gram and it was intended tha t this would be incorporated in the final APE des i gn.

As can be seen in the il l ustration the hybrid model would have  resu ’ted in a

si gnificant size reduction as well as an approximate seven to one reduction in the

nuiiiber of discre te components.

In iti a l l y deliveries of the hi gh voltage hybrid were scheduled for

Novembe r 1973 . Howeve r , during September 1973 it became apparent that in i t i a l

deliveries would not be received until December. Schedules indicated that the

December delivery might delay fabrication of the APE AN/TAS-3 units. It was

therefo re decided to perform a producibi li ty review on the ED design of the

HVPS . Further delivery and technical prob l ems delayed receipt of the f i n a l

hy brids until May 1974. Subsequent electrica l testing of the h y b r i d i n d i ca ted

that electrica l performance was acceptable , however , a failure d u r i n g  the scre en i ng

accelerat ion test remained unresolved. As a result of the delay the hy :rid ~ias not

used in the APE model .

The major APE m odification to the ED desi gn was the substitution of a

recently avai lab le , MIL standa rd interlock switch M8805/lOl-OO 1 for the d e d i c a ted

sw itch desi gn wh i ch had been deve l oped during the ED phase. This had a dua l

benefit in that assemb ly was simp lified and that the ED switch desi gn , which

was suspect in severa l field failures , was eliminated .

2—9
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2. 1.1 .5  Scanne r E l e c t r i c a l  Assei~hl y SM~D~6!+9 l05

While perform i ng laborator ? tests of the APE Scanne r A sscii~b 1 y , SM-D-

770174, at low tem perature -40°F (..40 °C) it was noted tha t the a b i l i t y  of the

motor to start at the low temperatur e was m nar qi n al . These results led t o  an

i nvesti gation of motor drive circuitry on assembl y SM-D—649I0~,.

The ori g ina l circuit used a fl i p-fl op, 1AL+A 1U2 (TI , SNC54673T—06~ ,

which alternate l y switched providing a return for the motor cur-

rent. Ana l ysis of the circuit showed that at —4o~r the fli p—flop was current

limiting and not able to adequatel y sink the motor current ther eb y red ii cin :m

the efficiency of the motor. This reduc tion in efficiency, at low temper ature ,

resulted in the marg ina l starting condition .

The circui t was then modified by using two pa i rs of NAND ga te buffers

confi gured as a fl i p—flop. T h i s  was accomp l i s h e d  by m o d i f y i n g  the printed cir-

cuitry and substitutina an t~385l0/0O302BDB microc i rcuit for the TI device at

1 A 14AIU2. Each gate in the new device can provide three tim es the driv e of the

ori g ina l TI unit. W ith the gates connected in parallel a furth er increase in

drive is p rov i ded thereb y assuring tha t sufficient motor current can be 5,~ cu ri —

modated under all operating temperature conditions . This m odification F1 S ~~~~

anothe r benefit , in that the available motor powe r has been increased thereb y

enabl ing a large r range of scan rate adjustment for the scanner mirror .

The scan mirror scanning rate can now be adjusted to approxi m t e l y 30 Hi/scc ,

without additiona l circuit changes. This additional a d just i-en t ranqe ~.-i l l  be

des i rab le  for Image improvement co nsider at ions , in future un i t s .

Changes to the C i r c u i t  were incorporated in the four APE units and test s

performed . Resu’ts of the tes t s  s howed tha t the motor w i l l  ct a rt , in any

position , at temperature s as low as —60 °F (-5 1 °C ) .

2-11
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2 .1.1.6 Logic Assembly SM—D— 649 l 02

During fab r i ca t i on  of the ED un i ts  a r e l a t i v e l y h i gh inc idence of

broken capacitors , C9 and C10 , on the SM-0- 649102 Log ic Assemb ly was noted .

This was investi gated and it was determ i ned that the capacitors are beinq

damaged during handling of the comp leted assemblies and that their size and

location on the assemb l y made them,, subject  to damage . A rev iew in c a ted

tha t the capacitors could be reduced in physical size without requiring any

othe r changes to the assembl y ,  the reb y si gnifican t l y red ucin q the risk of

damage. The resu l t i ng  change subs t i t u t ed  M39 OI L # / O l _ l4 5 5  for the M390 114 / 02—

021 8 on the APE un i ts .

2.1.1 .7 EMl Mod i f i ca t ons

During the l a t t e r  part of 1 972 the ED model of the AN/TAS-3 success-

f u l l y passed EMI tes t in accordance with M IL_ STD_ L+6l and 462. Subsequentl y, in 1973 ,

Hu gh Leve l Radiation Effec ts and Hazard tests we re perfo rmed at Pi catinny

Arsenal. Results of the Picat inny tests indicated that some cor-

rective action was required . It was determ i ned , howeve r , that because of the

type of changes required it would not be possible to modif y the exist ng ED

units . Therefore , it was decided to incorporate the Pi catinny recommendation

in a modification of the APE desi gn.

Areas a f f ec ted  were the following:

• Tracke r Cable

• Battery Powe r Leads

• Scanner Housing and Main Frame
F ront Support.

2- 12
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Tracke r Cable - The tracke r cable used on the ED units was a mod i-

fica t ion of parts used on the DRAGON Tracke r and Launch Tube. Picat inny ’ s

recomme nda t ion was tha t the cable be comp letely shielded. Des i gn of the

shielding was discussed with both MDAC/TICO and Sanders . As a result of

these discussions and to comp l y wi th the APE fabrication schedule it was

decided that PAVSC/GSD would develop the basic desi gn of the shielding and

Sanders would f~brica te the cable. Requirc .ents of the shielding enclosu,e

necessi ta ted removing the internal  f l oa t ing  c a p a b i l i t y  of the t racker Connector

and redesigning the connector mount to provide the float at the r’ountin g

to the AN/TAS-3 main frame. This was accomplished and Figure 2—7 illustrates

the final cable desi gn , SM—D-770439. Figure 2—8 shows the cable installed on the

AN/lAS -3
Bat tery Power Leads — Picatinny ’s recommend ation to filt e r  the battery

leads necessit ated inserting an i mmersion a~d EMT sealed fHter moduH in the

battery lead conduit between the battery connector  and main frame . The desi gn

of the filter module is shown in Fi gure 2—9 and a photograph of the installa-

tion in the APE model of the AN/TAS—3 is shown in Fi gure 2-10.

Scanner Housing and Main Frame Front Support - The final recommenda-

tion necessitated a desi gn change in the scanner hous i ng SM-E—770728 and the

front support SM—E-77O837 to provide an added groove in these parts to enable

an EMI gasket to be ins ta l led in addition to an e x i s t i n g  “0” r i n g .  Pa rtial

views of the housing and front support illustrating the added grooves are shown

in Fi gures 2 — 1 1  and 2—12 . 
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2 . 1 . 2  P R O D U CI B I L I TY , M E C H A N I C A L  D E S I G N

Mechanical review of the ED dra w i n g  pa ckage was d i r e c t ed a t si nmp l i f y—

ing f ab r i ca t i on , assembl y and tes t  of the AN / TA S—3 to the qr ea t es t cx t en t

possible without sacrificing performance or field handlin g c a p a bilities .

A l l  drawings we re reviewed and as a result a si gni fic ant number of dimeni -

siona l cha nges were made . Changes inc luded relaxed as well as tiqhter ne d

tolerances and in sonic cases completely redimensioning parts to e l i m i n a t e

tolerance buildup or to clarif y the pa rt. Par ts were also monitored durin g

the fabrication of the APE uni ts and drawings modified as required , co ns i s t en t

with all requirements so as to reflect the parts as delive red and to minimize

MRB ac tion during any fu t ure  produc t i o n . Ope rations that required d r i l l i n g

and p ining at assembl y were eliminated to the greatest extent possible by

fabricating parts ~i ith pre-drilled holes and where necessary, des~~ning as-

sembly fix tures to maintain the required tolerances . Critica l assemblies

were also reviwed to assure that the tolerance accumulatio n of p iece parts

we re within the ranges requ ired for fina l assembl y. When fabricating pro-

duc tion quantities excessive tolerance cccumu lation can create p roblems

that are not readil y apparent during fabrication of small lots.

A s i gnifican t portion of the mechanica l effort was associated ~j I th the

S 
electronic desi gn and was discussed in paragraph 2.1.1.1 throug h 2 .1. 1.7 .

Other accomplishments are discussed in the following paragr ap hs .

2.1.2 .1 Scanni ng Mirr or , 5M D 770726

Fi gure 2—13 i l l us t rates the comparison between the APE and ED models

of the scanning mirror. The ED mode l requi red a number of d r i l l i n g  and pining

2—20
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F
operations at assembl y i n addit ion to cementin g the capacito r p la tes in place .

The APE model is a once p iece iii rror which eli m inated al l  secondary operations .

2.1.2.2 ~~jç~ct iv c lens Assembly SM— D-770l72

Specifica tions required that the AN/TAS-3 be fixed focus. Th is neces-

sitated that a shimming operation be perfor nnn ed to compensate for v a ri ations

in the optica l path length to obtain final focus. In the ED model shi is were

placed between the detector and the scanner casting as shown in Fi gure 2—1 4 .

lo perform this operation required remova l of the scanner cove r , disasse mbl y 
S

of the scanner cas t i n g  from the main frame and removal of the detector .

Ini tial efforts to simp li f y the p rocedure , we re d i r e c ted a t p r o v i d i ng

a threaded focusing mou nt for the detector . Eng i neeri ng models were fabricated

and proved feasible for focusing, howeve r , it was believed that this approcah

mig ht permit relative motion at t he de tec tor / scan ne r  cas t i ng interface with

a resultant degradation of perform ance.

The res ultiny solution is shown in F i gure 2—1 4 . An objec tive lens

subassembl y,  F i gure 2-1 5 was desi gned to f i t  w i t h i n  the lens housin g thereb y

e n a b l i n g  s h i m m i ng between the subassembl y and the housing. This desi gn re-

tained the ri gidity of the ED model whi le simpl i f y ing the procedure and p ro-

viding a grea ter range of adjustment.

2.1.2.3 Battery Frame Subassembly SM—D_JlQ~~.~j

The ED model parts , equivalent to SM—D—77O254 , consisted of four

sepa rate p ieces wh i ch required approxima tel y 26 t rans fer d r i l l i n g  ope rations.

In addition , maintaining the necessary tolerances while fabricating the ED unit ,

r p roved to be difficult. This desi gn was modified in the APE program by re-

ducing the number of parts to three and m o d i f y i n g t he concep t to a l l o w  t he

II
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part to be fixtured so as to elimi na te all but four transfer d r i l l i n g  opera-

tion . The APE confi guration is illustr at ed in Figure 2— 16.

2.1 .2.4 Freon Filter /3rye r

Durin g field testing of ED units EN’s were received ind ic5 ,t ing th at

freeze ups were occurring in the detector coo l jug system (luring op&-rat ion .

This prob 1 em was subsequent 1 y ci i rn i nated by n~ t a l l  i 5 q a f II  t t -r/dr y -r in t h e 5

gas l ine between the valve and the c ryns t a t .  The f i 1 t e n d  rye r I ri tin. ED mode Is ,

was located w i t h i n  the cover of t h e  AN/TAS— 3 and rcqu i r~-d rei ’ovai of the cover

and loss of the system nitrogen purge for rep lacement. Whi l le the ED units were

being modified the concept was being reviewed for the APE mode l . Resul ts of the

review showed that an external location for the filter/dryer would be a sig-

nificant improvement , in th,at dryer capacity could i nc rease , in-;t a ll a tion

and rep lac ement simp li f i e d  and a cartrid ge concept used for the dryer

element. A cross section of the resultin g APE fil ter/dryer is shown in Fi gure

— 17. Fi gure 2— 18 is a photograph of an i n s t a l l e d  u n i t.

S

2.1,2.5 Coolant Gas Nn i se~~~~ pressor

At i n i t i a l  turn—on of an AN/TAS-3 the flow of coolant gas is at a

relativel y hi gh rate because of the detector demand for rap id cool—dow n . T h i s

i n i t i a l  transient condition caused the external coolant gas pressure relief

va l ve to ( - u n i t  a sputterin g noise for about the f i r s t  10 seconds ot op eration.

Severa l approaches to e li i n i n a t i m j  the Sound we re tested including di fferc ni t

valves , v a r y ing spr i nq rates in the va l ve arid muff ii nq t i~ 5 - sound in the front

lens cushion , however , none yjere successfu l . The fi nal solution , as shown in

Fi gure 2—19, was to appl y a li ght off axis force to the poppe t of the va lv e

2—2 5
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to dampen the osc i 1 1 at ions , by means o f a spr i rig loaded l~ 
I ur ine i~ , and ex haus

the gas into the lens cushion. TI1 is desi gn p roved d CCe F) t c l b l e  and is  i n s t  a I led

on a l l  APE un i t s . F i gure 2—20 is a photograp h of a typ ical i n s t a l l a t i o n .

2 .1. 2.6 AN/TAS—3 Tr icker Mount

Fi eld t es L i rig of the AN/ TA S—3 ED nod e 1 dcrnm n~ t r~ ted t hat bores i nil

shi fts between the Tracke r and AN/TAS — 3 .Jen e occurring at tin ni eht Si (:llt

tracke r mount - Ar1 i nnm edi ate ef fc rt was started on the ED p r o t t r 5 am t e

e l i m i nate the bor esi ght shift by mo d i f yi nn the tracker mount . Duri ng t h i s

period the APE program was in progr ess and it was recom mended by APE per-

sonne l that while modif y ing the tracke r mount cons i deration be cm iv e n to cHum-

m a ting the toggle linkage tha t actuated the en~)aneu1en t of the tracke r con-

necton. The reason was two fold in that eli m i n a t i o n  of the toc~o1 e linkage

would si gnifica n tl y simplif y fabrication and assembl y of ~
5
~N/~ AS— 3 main fram e

arid el m u  nnt p a mat  ion rer~ui ri-cl by the DRAGON gunner t o  enuragc’ the conne ctor

The des i gn modification was completed and D units we re subsequentl y

successf ul l y field tes ted. However , the El) de siqn modifications were a retro-

fi t of existin g hardwa re and this necessitated some additiona l redesign to

adapt the changes to the APE models. ihe evolution of the tracker moent can

be seen i n Fi gu res 2—2 1 through 2—23 which are , respectiv e l y, Ini ti a l  ED

Tracker - !lount , M odified ED T;acLer Moun t and the APE Tracker Mount .

2 .1. 2 .7 Other Mechanical Proc iucibi l i L y  M odific a ti o ns

Additional produc ibi l i ty n iodif ications incorporated into the APE

models are bri efl y d e s c r i b e d  i n  th i s p a r ag rap h .
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Bat te ry  SM-D — 7 70l 80 — Battery case toolin g modif ied to incorporate

in tegra l thumb gri p in d rawn battery case to eliminate cementin g on of

sepa rate p iece. Batter y retainer changed f rom ini~chined part to cast inig

to simplif y fabric a tion . Batter y retaine r riveted to case in lieu of

cementing , to eliminate field failures and simp li f y assembly. Connector

redimensioned to e l i m i n a t e  tolera nce b u i l d — up.

Lcn~ina l Board Subassembly SM-D—770236 - Te rmina l board changed to

printed circuit to eliminate assembl y of app rox i nur a te l y 20 j u m pe r wi res a nd

associated solder connections .

Tracke r Mount and Bores ight /\d i~.stirr ent — Opera tion and asse mtr b l y of bore—

sight adjus tment simp lified by eli minating unnecessary secondary elevation

adjustment . Lead—in angle of tracke r guid es modified to provide improved

engagemen t ali gnm ent with tracke r connector . Bo resi ght adjustment parts

redimensioned to improve i n i t i a l  azimuth centerin g and e l i m i n a t e  t o le rance

build-up. Tracke r release thumb —activator changed to casting to f a c i l i t a t e

fabri cation .

Sc a n n e r  Housing SM-D-770328 - Tr ansfer  d r i l l i n g  operation s eHmin ated

to s i m p l i f y assembl y and provide improved alignment of attach ed parts .

Ma in Frame Front and Rear Supports — Consideration was g iven to chang-

ing the front and rea r supports to casting , to eliminate extensive machinin g ,

however , an i nves t i gation determined that casting alloys would not provide ade—

-
‘ quate strength.

Eyeshield Assemb l y SM-D-649095 - The mold for the rubber eyc sh ield was

modified to provide an inter na l shoulder. Thi s shoulder p lus a metal washer ,

which is cerrncntcd to the shoulder , provide s additiona l support for the eye shicld

eliminating the possi bility of the eyeshie ld bein g d isloge d during f i e l d

handling.
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2. 2 MAJOR SECOND SOU RCE I N V E S T I G A T I O N S

In addi t ion to the norma l second and/or alter n ate source inv e sti gations

performed by eng ineering and purchasing maj or  invest  Hat ions were conducted

on a number of i tems that are d iscussed in the fo l low i nq  paragraphs .

2 .2 .1 DETECTOR SM-D-770349
t 

Initiall y detectors were p-ocured from both SBRC arid Optoc lectronics for

the AN/TAS -3 ED programs . T he f i r s t  detectors  de l i ve red  by Optoe lectro rr ic s

developed sof t vacuums and subsequentl y prob l ems developed in their processing

of arrays . PAVSC provided technical  a s s i s t a n c e  to Op toelect ronics in an effort

to resolve the processing proble m s , however , th i s  e f f o r t  was not succecsful .

Therefore in the early phases of the APE p r o g r a m , SBRC was the onl y q u a l i f i e d

source for AN/TAS —3 detectors .

S Furthe r i nves ti gation of othe r potentia l sources by PAVSC , r e s u l ted i n

an order being placed with Infrared Industries inc (iRfl . in Se ptv m m mer  9/3 b r

one AN/TAS —3 detector w i t h  opt ions for up to nine add i t i ona l  de tec to rs . I R I

forecas ted deliver y o the first detector to PAVSC by March 1974 with qua l ified

op t ion  quan t i ty de l i v e r i e s , if exerc ised , to s tar t  in Augus t )97L1 .

S l i ppage in IRI’ s deliver y was i n i t i a l l y forecas t in February 1974 wi th

prob l ems appearing to be centered in the dewar packa ge and photoimiask . As i t

developed , however , IRI’ s inability to de live r was caused by uns table and noisy

ar rays . flU continued to wo-k on the prob l ems but they were unsuccessful and

the order was u )ti rra t el y canceled.

SBRC remains the onl y qua li f i ed sou rce for the AN/TAS-3 detector , at

th is time. It s hould be noted , however , that  recent events  at  Optoe l ectronics

have a l tered their  pos i t ion and they can again be considered -~s a po te n t i a l  S

source,
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2 .2 .2 NICKEL-CADMIUM BATTERY CELL SM-A—770338

At the start of the APE program General Electric was the onl y source for

the AN/TAS —3 Ni—Cad ba t te ry  ce l l s . In earl y 1973 GE indicated that , because of

othe r production facility commitments , the lead time for t ire start of p roduc-

tion deliveries would be up to twe l ve m onths. In addi tion , GL had been un-

willing to accept all specification requirements because their product line was

basicall y comm i tted to co [nrmercial app lica tions.

Because of the preceeding events PAVSC began a test program to ccu -mp are

the discharge characteristics of GE vs. Gulton batter y cells . One set each

of five cells in series , in accordance with the AN/TA S—3 confi g u r a t ion , were

discharged in to a 6 ohm static load to simulate AN/TAS—3 operating conditions .

Battery cells used were:

• GE GCR1 .O 5ST

e Gulton 5Rl25

• Gulton SR100

Discharge tests were performed at —4°F , 28°F , 40°F , Room Temperatur e

and 113 °F. In all cases the discharge time , from full charge to 5.8 v o l t s  was

greater for the Gult on battery cells with the 5Rl25 providing the longest dis- S

charge time . The increase in disch arge time ranged from approx i matel y 6~ at

—4 ° F to 24% at 1 13 °F . A test under dynamic condition at room temperature , with

the cell providing power to operate an AN/TAS -3 y ielded similar results. Gulton

cells , however , are approx i mately twice the cos t of GE cells ,

io estab lish Gul ton as an alternate source all APE battery cells were

- procured from Gulton . The cells were assembled into batteries and subjected to
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environmental tests with the AN/TAS—3 APE models. Al l tests were successfully

passed . The Gulton 5R125 was thereb y established as an alternate batt ery

for the AN/TAS—3 .

2.2.3 CARTRIDGE ASSE MBLY 7 CUBI C INCH , SM-D-770l78

Kidde and TAVCO were the sources for cartrid ges in the ED phase of the

program. It was intended to continue w it h  these vendors throughout ti m e APE

phase and into production wi th Kidd e being the prime source. PAVSC , how ever ,

continued to investi gate other potential sources with the intent of develop-

ing a l ower cost supplier . Results of this i nvesti gation were presented to

the Government in the June 1973 -:RAGON Quarterly Review held at PAVSC. Fi gure

2—24 is a copy of the cost anal ysis prepared for the Quarterly Review . A t

about the same time it was determined that the quantity of AN /TAS—3 units the

Governmen t was in tend ing to procure was going to be substantially reduced (re-

duced from approx ima tel y 5000 to 300). ft was also ind i cated to PAm/ SC th at

about 10 cartrid ges were to be required for each AN/TAS— 3 or a total quantity

of approximately 3000 cartrid ges. Based on the quantity fo recast and quotation s

- Srece i ved i t  was decided that Kidd e and IAVCO would be ~U - rcient sou rces.

In November 1973 Kidde had a prolonged strike and thi s delayed fin a liza-

t ion of the cartridge confi gura tion for AN/TAS-3 APE un i ts. At the term ination

of the Kidde strike , negotiations were resumed with the aim of finalizing the

cartridge confi guration (to assure that replaceable parts from all sources are

interchangeable) . A m ee t ing  was held w i t h  Kidde in ea r l y  Febr uary 1974 at

which time PAVSC ’ s REQ was d iscussed . Shor t ly  a f t e r  t h i s  there was a major

reorgan iza t iq n  at Kidde which involved management people directl y associated

with the AN/TAS— 3 program. In March 1974 PAVSC had a meeting w i t h  K dde manage—

ment at which time Kidde reaffirmed thei r intention ta continu e in the AN/T AS — 3

program and respond to PAVSC ’ S REQ.
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During A pt- i I , K i dde sud(Icn l y reve r’si-d it s  pus i t ion arid s ta ted  t i m - m t

they wou ld not bid on the A N/TA S—3 APE rcqui remmt e nt— ~ (Cartrid ges & V a l v e s )  nor

would they bid on any future produ ction orders.

A second meet in g was held w i th Ki dde mnana (JeoC-r l t to re-i yew the i r ni-o pus i —

tion . Ki dde m d i  ca te(i that thei r No—Bid dm.-c i si on was based on I i rmm i ted future

quan t it i e~ forecast (3000 to 10 ,000 cdrtr idq e3 ) and the ino t - d i n a t e  m o Umi t 01

handling requi red to produce the part at their ex is t ing Bci i e v i  l i e  iic i ii  ty.

In addi t ion, the type  of program requi red fur the ca r t r i dge  was no longer con-

sistent with Kidd e ’ s future produc t line .

Wh i le  the preced ing dev e lopme n ts we re occur r ing  at Kidde , PAVSC was i n

contact w i th  TAVCO . I n October 1973 a preliminary set of APE cartridge drawin gs

was forwarded to TAVCO for revie w and comment. These drawings diff e red f rom the 
S

ED car trid ge in that all  parts normall y remove-cl from the cartrid ge for  rech a r g ing

purposes were completel y detai led to assure interchan g eability of these parts from

all sources . Af ter TAVCO ’ s recei p t of th e d r a w i n g s , delays develo ped at TAVCO over

a propr ie tary  ri ghts issue w h i c h  was not resolved unt i l  March l971~.

A for.nal RFQ, for APE cartridges , wa s Sen t to 1AVCO on March 1 , 19714.

TAVCO did not respond to the RFQ unt i l  May 24 , 1974 at which t ime the projected

del ivery of for six APE cartrid ges was 7 to 11 months.

When delays were encountered in obt aining rep lies from Kidde ari d TAVCO ,

PAVSC again  solicited other sources for a charged cartrid ge . Brun swick C o r p . ,

was the only respondent , however , the required non—recurring charges could not

be funded at that t ime.

By this time PAVSC had g a i n ed si gnificant experience in rechar ging of the

cartridges for the ED field tests. Therefore it was dt - c i dc- d to s o l i c i t  quo ta—
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tions for an uncharged c a r t r i d ge wi th PAVSC supp ly ing a l l  c a r t r i d ge neck

hardware , i.e., restrictors , burst disc——— , and charging the cartrid ges.

Approximately ten potential suppliers were solicited of which Pressure Pak ,

East Hampton , Conn. , was the onl y responsiv e bidder.

In September 19714 an order was p laced w i t h  Pressure Pak for 16 c a r t r i d g e s

to be fabricated f rom A 1S 1 4130 steel . Tests to be pei fornmed oere :

~ Magnetic Particle

• Rad i ograp h ic
• Total Expansion

• Permanent Expansion
• Heliu m Leak

• C leanl iness -:
• Hyd rostatic Burst
• Hydrostatic Cycling
• t-licros tructure

• Charpy “V’ Notch (65’~F and ÷ 155~ F)

By ear ly  December 1974 all tests except Cleanliness ~-icre successfull y

completed . Some i n i t i a l  problems were encountered in meeting the cleanliness

requirem enis , ituw evem , thi s was rc~o~ vcd ~nd the cartr~ dg’~c d~~1 i v ered to PAVSC

in January 1975.

Res t r i c to rs  we re then i n s ta l l ed i n  a sa mp le q uantity of the cartrid ges

and the cartrtdges ch arged with Freon . The filled c a r t r id ges were then sub-

mitted for particulate contamination anal y s i s . Results of the test sho~-icd that:

the particulate count was within spec i fication requirements.

Further i nvesti gation was made , as to adding a corros ion resistant coa t—

ing to the unprotected parts of the cartridge . Pressue Pak subsequentl y had two

samp le cartridges oxide coated internally and externall y, by the Leeds a n d

Northrup Steam Homo Process. Aft er recei pt the cartrid ges were sectioned and

subjected to~ ten day humn id ty test in accordance wi th M1L-STD-8 10B , ML-th od 507,

2 -1~ 1
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Procedure I • Sonic areas of corrosion were noted after the test , howeve r , the

coati ng did provid e a hig h degree of corrosion protc-ct on . Any l
5
utur e p ro-

curement of 4130 cartridg es wi l l  be oxide coated in a ddition to the noroal

paint finish.

2.2.14 VALVE ASSEMBLY SM— D— 6149251

Th~ coolant va l ve assembl y SM—D-614925l had been developed by ti . Kidde Inc .,

Bel l evi ll e , N.J. fo r the ED models of tle AN /TAS—3 . Bendix In stru oe rm t and Life

Support Division , Davenport , Iowa had also been considered , however , since Kidd e

was also fabrica ting the coolant gas cartrid ge , which i nterfaced w ith t ue  val ve ,

Kidde was the logica l choice for the ED phase.

Bendix was again considered as a second source for the APE pro q ra~: and

any resul ting production. Two problems rema i ned , however , (1) actuation of the

Bendix valve would require the DRAGON gunner to perform mot ions s i qni fi ca n tl y

different from those required for operation of the Kidde va lve , and (2) approxi— S

nma tely $90,000 in non-recurrin g costs were reqL m ired by Bendix. It was decided that

two different operating modes and the non-recurring costs were not acceptable .

Fur ther cons i deration of Bendix t-ias stopped .

Negotiations continued w i t h  K id dc- for procu m - cmie nt of the APE

valves and althoug h somime probl ems rerna in~ d to e resolved negotiations

appeared to be nearing comp letion in mid- Ma rch 19714. Sudde nl y i n earl y S

April 1974, Kidde reversed i ts p o s i t i o n an i dec i d e d  to ‘No g i d ’  the V a lv e

and Cartridge (Refe r to paragrap h 2.2.3).

As a result of the Kiddc decision Bendix and other potential sour~ e~; we re

requested to submit bids . The position of Bendix remna i ned unc h in— :e ! ~mn d t i r e

2 — 1+2
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other vendors rio—bid. Meariwh i le PAVSC obt ai ned drawin gs of the deta i l

valve parts . After review i ng the drawings it \-wms decided that PAVSC wou ld

buy p i ece parts for the valve and perform the assemb l y in—house . A prod u c i b i l i t y

review of the draw ings resulted in some dimensional and tolerance changes to

satisf y operating requi rements a nd f a c i  1 1  tal e assemb l y .  Valv es for the APE

units were subsequentl y f a b r i c a te d , assembled and inst a lled in the units .

Performance of PAVSC valv es has been a c c e p t i 5 le .

2 .2 .5 CATHODE RAY TUBE (CRT) Si-1_A_ 6Lm9236

Throug hou t the ED and APE p rograms PAVSC had a continuing effort to

ob tain an alternate source for the CRT which was being procured fro i The ins

Elec tronics . A l thoug h t he Tho ma s pa rt s pe r f o r med sa t i s f ac t o r i l y, an alternate

sou rce was soug h t to improve both the competitive and supp ly  a s p e c t s  of the

prog ram .

DurHg t he El) phase nume rous sources we re solicited -.-it th P~C4 b~~inq

the onl y s u p p l i e r to respond wi t h i n bo t h the tech ni ca l a n~ cos t l i m i t a t i o n s .

I n 1972 arm order was placed iith RCA for CRT ’ s . RCA p roceeded on

the des i gn of the tube unt i l  A p ri l  of 1973 at w hich t m e ,for tech nica l reasons ,

they abarmdnned their ori g inal de si gn and proceeded with redesi gned electron

optics. Th ree of the redesi gned CRT ’ s we re received in October 1973 . Sub-

sequent tests revealed that the tubes required excessive anode current. The S

required anode curr ent would have degraded DNS battery performance , The

CRT ’ s were rejected and further effort with  RCA was terminated .

Subsequent l y an order was placed w i t h  Special Purpose Te ch cm o loi y Corp.,

Van Nuys , Ca l ifor r a for CRT ’s to be eva l uated for the APE program . A fte r
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recei pt four CRT ‘ S were tes ted and it was ic te r un ned that the 1 1 n: w i dt  Ii cx  —

ceeded s p e c i f i c a t i o n s . These tubes w ere a cc e p ted  for test purposes . At th i s

time all further second source investi gations were stopped .

2 .3 MANUFA CTURING METHODS

A mna~ or por t ion of the APE program was devoted t o  e s t a b l i s h i n g  a l l  um i mi u—

f~ ctu ,- I ny thods and too l i nq requ i red for p roctuct ion of t lie AN/TAS — 3 . The re-

quired effort in clud 2d the fol lo w in g ite- u s :

o Coiiposite B i l l  of M a terial

• Ass embl y Flow Cha rt

o Assembl y Floo r Pla n

o Assembl y Opera t io n P roced u res

o Inspec tion Procedure s

o Test  Procedures

o T o o l i ng .

Afl i tems were comp leted and docum ented under a separate Contract Item . Refer to

CDRL No. AoI L+ , Contrac t DAAKO2 — 73-C—0 01 m 7, Final Production Plan , GSDR No. 815 ,

da ted J un e 12 , 1975.

2.14 COMPUTERIZED AUTO MA TIC TEST SET (cATS)

At the Onset of the APE p rogra m i t had bee n a n t i c i pat ed t hat p roduc t i on  re—

q u i r e m~ nts for the AN/TAS-3 might necessitate the- use of computerize d au t o: :itic

t e s t ing. As part  of  the c o n t r a c t u a l  requ i re ments  PAVSC p er f or~ii~ d a s t u d y to d o —

tern ni n e the fea s i b i l i t y  of u t i l i z i n g  a CATS for production testing. The study report ,

CDRL :‘ A023 , PAVSC GSDR No. 569 5
•~J 3 5  do l i ve r e d  on June 20 , 1 973 and is a t t a c h e d  as

Appendix A to this report .
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2.5 DIFFERENCES DRAGON “APE” Vs . ED MODEL , AN/TAS-3

In the perfor m ance of the APE pro ym ~ mm a no ~ or of proc iuc i b i ii ty chan res

we re incorpora ted  i n t o  the APE model AN/TAS— 3 . A dd i t i o n~il1y ,  cilanqL- s - - i - r e  a l so

made to correct diff i c i c r - m ci o s noted in f ield test of the ED m o d e l  A N /TAS— 3 . Th~

major differ ences are noted in Fi gure 2-25. A pp lic a ble part numi be rs and i ilus -

t r a t ions in th is  repor t  are noted.

2-145

_ _ _  j



c-~1

.5 C—J
C c—i
c—J (~‘1 — .5

Lii I I c—i S CO
c~ NJ (‘4 I I

NJ c—i (‘4
(

55 ~ 
.5 .5 .5

~
- O’~ -.1- N- I~ -S c, - —o -

Li5- — — (‘4 — — — ‘.0 — N- —
I I S I I I I I I S I

c--i NJ c—i c—i c-n NJ NJ C—i NJ NJ (Si (‘4

T
Cf)

IS-
P- 5-——

S eZ
a-

C) c—i c~ O~ C) C) — c - m  ‘.0 Ll\ 0\
W N- N- N- CO — CX) ~~~ C) N \

C) C) C) C) .— CD — — NJ r’\ 0
I- 05-C 0) 0) 0) 0) C’) C’) 0) 0) 0)

-~~ -~~ -~~ 
55

~~ -~~ -~~ _:t- -~~ -~~ -~W ‘.0 ‘.nD ‘.0 ‘.
~~ I ‘.0 ‘.0 ~4) ~ ) ‘.5~~ 

I C)
_J S S I I I I I I I S Li_I

C) C) C) C) I C) C) C) C) C) C)
> I I I S I I S I $
b—’ ~ D: z

Cl) Cl) C/) Cl) U5) CI) VC ,j, CI) (I)
0
Lu Lu

a-

‘-C,
a)
U

mu
L
a)

CC~~
‘C-

C)

C
— 0

I C)
vi N— c—i ,-., 0) C)  -1 CX) — — -.zt ‘.C) -~~ C~t\ 0) ‘~0 CD

N- N- N- N- CX) 0) 0) 0) — oi c~~ r~ m U) C) c~~ c-i
IS- I NJ NJ NJ NJ NI (~~ -~~ N-
-5-- C) C) C) C) C) C) C) C) C) C) C) 0 0 CD C) C)
z I N- N- N- N- N- N- N- N5- N~ N- N- N- N- N- N-

~~ N- N- N- N- N- N- N- N- N- N- N- N- N- N- N- LI)
U) I I I S I I S I S I I I I I NJ

C) C) C) C) C) C) C) C) L C) C) C) CD C) C) I
U_I C) $ I S I I I I I C S I I S S I c—.i
C) —

~ ~~~ ~~ Z T :- ~~ :
5-

o a- If) (I) C/) (1) (/S) 5f5) Cl) Cl) Cl) (I) f)  Cl) If) 1) 1’z C

Lii 0)
0~ Li.

>~ 
C

>- — 0 a)
— C ~ -i 0)

a) C)~ CD CD >-
> ~ C ~fl > >. a)
C ij) a) .— C/) C)) C/C I/C

>- V~ C) 0 0 CD C/C ~ C C)
C/C I C a ) >  .0 CD CD C)

~~ L >. C Cl) C) :~ I) .L) C
L .~ Cl_I >-. tn Cli .0 Cf~C D D
o >— 3 — u, i~C >- 0 a) 0) CI’ II) a- I~
Cl) I/C C/C 0 -C) -Z v~ CX- ~n -- a)
~, C in 0~ E ._ 

~C• C .— ~~~ L 
~ ‘ - — c-

a) a) Cl) L Li. - C  0) ~ U CD C
~~ C __I Cli C/C a) 0) CX. • 0 CD a) -— CD
Lu C). CII 0) C/C >- — C Ir) >— ~~

) t_ U U
I~~ Cl a) 1 CD -~ L ~) 0) i-~ -~ 

w ~C ~~ J > CD 4si C) 0) ~~ — .0 — 0.
I/C . — 1- >. i -o — () C) 

~~ Cr) > C C/)
41 L~~ 0 C C ._ ._ > -— t~. Cl_I L

a) C_I > 0) (II C Li. UI t_ - —  a) C Cl) CD
U) 0) C 4- i-’ 4—i .0 Cl) 0) E ~~ C — C

3 ii C I l  (3) C > C •— Cr) f) C
0 1 )  CI) 0 CI) --- CL) T .— C) 0 Cl) CD U CL)
Z C) Z ~ J CX) Li. I-) Lu CX) C) I— a) Cl) C) Z

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

. 

— —5_S 

S 
-

- 

, . .  

S5-5- S~~~~~~~~



-- ----- -.5--- - - 
-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

SEC T I ON I I I

SPECIAL ACCEPTANCE INSPECT ION EQu IPMENT (sAIL)

3 .1 GENERAL

Requi re len ts  for the APE proqr a imr inc luded the d c ’ e l o p C m m 5nlt and iaH i c a t  101)

of SAlE Test St i t ions for production test of t ine A N / T A S — 3 .  The s t a t ions m~erc

success fin 1 l y coop 1 e ted and v e r i f i e d  dii ring the progr am .

Thi rt mn-n SAlE s tat ions We re requi red as fol 11 1115

~. o - L JISSJ~~P

1 D ’tect or/ B ias Network Assy
2 Prea 11 : ) 1 i i i  cr/Mu 1 ti p l cxc r/Loq ic/Interconn ect

Assy
3A Bores i nht Pulse Gene r,m tor Assy
3B Scan ner Electrica l Ass y (Circuit Ca rdO
3C Sc irme r A s-c~ib l y
14 Scann~’r Ass embl y (Disp l ay)
5A Low Vol t a ~j~ r - j - r Supp ly

NI aN Vol t a ~,: Po ~e r S ~ -
~~

6A E~ e c c -  A ss e  abl y
66 Ob~ cct l y e  L f l S  oss e - b i y
7 Scanne r As~ e,mih 1 y (tl cii 5 mn cal)
8 ~as Leak Det ecti on
9 A udib l e N oise

10 M~ i n F raa~ A- - se 5 1)l y
11 E yep iece A - s eruib l y (Li ah t L1 ,kae5 -)
12 Bo re sight
13 Minimum Reso lvab le T1- - mm ~~- r a t u m m  (MRT)

A br ief descri ption of each SAlE st - m t  ion is qi ven in timc- fol lo’.-i inq I) i r i —

grap hs. -

3 .2 ~~~~ !LDESCRIPT I O N

~~~_~~!C_L La LLcN S1J.. — Pc r f o r umrs  an onem -at i ona I check of th e S ’ t - D — 7 7 o  lq6

Detector , Cryos tat Circuit C u rd Ass em b ly by chl-ck i nq t im - coc ’ I ,I n-:ii t i m - , s i q n - 1 l

unifor m it y and noise on each de tec to r  e l~- -i - n t
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~. L _ 2 LLLm~~~J~2 
- S i u r m ul a tes all inpu t si qnals and valtaqe s to

test the timing wavefor ium s , m nul t i plcxi rnq . and bias vol taqe r - s i s t o r s  of the

SM_D_ 6t+9077 Prea um rp l i f i e r  and Multi plexer Assi- - mi b l y.

— T e s t s  o p e r a t i o n  o f  the S M — D — 7 7 0 2 2 l  B o I c s i C t h t

Pulse Gene rat or Asseuub I y by test I nq the 1 i qii t e ui t t I ng d iode/pho to  t r5)m)s I ~ t or ,

amp I i f i er  qa i n , and wave fo n uns

~~~~~~~~~~~~~~~~~~~~~~~~ — T e s t s  the f c l  low i rig pa im -t e rs of t i m c SM—D—

6149105 Sca nn~ r— Circui t Card Ass eab l y .  Motor drive c i r c u i t r y  and c a p a b i l i t y ,

S horizontal si gna l and wav eshape , cross hair enabl e s ic u n a l , 300 - 5 H :- sys t emi C e s r i l —

lator , and cross hair circuitry associated w i t h  the scan ner boa rd.

~~~~~~~~~~~~~~~~~~~~~~~~~ 
- E lec t r~ c a l 1 y te sts the SM- D-77OlFn Scanner A s-

sembl y for the fol lowing par ameters . Motor drive c a p a b i l i t y ,  hori~~ont aI s i q n al

waveshape  a nd amp l i t ud e , cross hair enable signa l , 303 kil ? system o s c i l l a t o r ,

and cros ; h a -  ci rc i its assoc iated mi t h  the scanri c- r bea rd .

j~~~~~ _i_~~FJ_9u r:c~)_—ji —Si m u l ates all  siqna l s and v oItaeC -~; n~~ce~- -- n r y

to d isp lay video raster and reticle on CR1 of tb SM_ D_ 77 01 7- !m_ l N i ght V i s i o n

Sight , Infra red Disp la~ (Scanner) Assembl y. A lso tested - mm - c l ot-, an.t i i iah v et t m -i c

power suppl y vol tage a impi I t udes , sca nner  spe ed , CRT L I-f h-I t i 0 )  S i ~;na is  , and a I I

CRT adjus tnicr t controls .

— Tests the SM-D— 77 0 1 79 Low V o l t m a e  Powe r Suo~~l y

Assem5l y by wea suri ng all output vol tape s and i npu t  curre n t s at hail and I ul I

load. A lso tested is  the no ise qerie r a ted  by the swi tch I nq rI- I l u l ,ntor , al l  t l i i i  ncr

si gnals , and the 300 volt generated square w ave  to  he used for t im - hi p h v1-il t ac i - -~

• power suppl y.

-4
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~~~~~~~~~~~~~~~~~~~~~~~~~ — Tests the S M- D —7 7072 l C i r c u i t  Card Asse m bl y

H i g h Vol tage . The followin g pa rameters are checked. Vo l ta q e  doub le rs , vol t ag e

d i v i d ers , ripple and n ii se sp ikes , and voltages for focus and c u t o f f  c o n t r o l .

~~~~~~~~~~~~~~~~ - Ch~icks the trans nnn is s ion , reso l utior m , and focal

c h a r a c t e r i s t i c s  of t h e  SM— D - 6l n9076 Eyep iece As semb l y .

SME 6 B — F ~~ ure~3_1 
— Iests the fol lo i-i ing pa ra I t 15 - r s  o f the SM — D —7 70 l7 2

Objective Lens Cell Asse m b l y. Foca l length , resolution , and transmittance. T h i s

is done by p l ot t i nq  a line spread function and converting it to  a lio dulat on

transfer function via a exter na l di g ita l computer .

A_IE No~,5z_ Fi~jureJ—S — Sets  up and tests the CRT aspect ratio , center-

i n g , and vertical r etic l e pos itionin g of the SM—D-77017l N i gtnt V isi on Si ght ,

Scanner Assembl y.

SA N o . 8 —F~~ ureJ—j — SAlE 55 8 perfo rms a l l  necessary tests to chock

for F reon 114 leaks around cryostat , gas valve , an~ tu inq of inc ~h-E— 77Ui ji

without access cover , and nitro gen leaks of complete syste nl with cover in s t i l l e d .

- Tests the SM-E-770l71 Ni gi t Vi s i on SI~~ht ,

Scanner Assemb l y for audible noise em itted during norm-a l opera t ioi .

~~~~~~~~~~~~~~~~~~~~ 
- Te s t  t h e  S M - D -7 70 l7 3  Main  Frame A s s e - m N I - i ,

launch tube connec tor engagement , tracker connector engagem ent , and el e c t r i c a l

continui ty of launch tube-tracker cable .

SAlE No. l L — Fj g u r e J~j2  — T es ts  the presence and leve l  of any l i i h t

being emitted from the SM—D— 6149076 Eyep iece As semmn b l y when it s securi t y shutter

is c losed.

S ~~~~~~~~~~ ~~~~~~~-—----- - ~~~~~~~~~~~~~~~~~~~~~~~~ -- 5 ---- _ _ _ _ _ _
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~~.LEJ±a. 12 - F ~~j~ r ej j ~ — Tests boresi ghi cra dle mm n ov en n mcnt and repeat-

ability by inser ti on of a tracke r si nnu l a tor into the SM—E-770173 M0i Frame

Ass emb ly.

- Tests tim e SM—E- 77017l Night Vision Si qh t ,

Scanne r Asse mbl y to de termnn i ne the n in in n ull resolvable temperature tolerance which

a syste m w i l l  de tec t .
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SECT~ 0N IV

DETEC TO R APE

~i .l DETCCT 0I~ APE

To comp ly w i t h  coot rac t ua 1 requ I m c  lent s for p i l o t  11 n e f a c i  l i t I es , PAVSC

solici ted propos i 1 s f ro:n Santa Barbara Research C cuu ter (SBRC) arid O n t lelec t roil CS

C o r p . , fo r  APE p ro urarmms on the DRAGON 61m el i —ilL -nt PbS~ detector. Proposals were

rece i ved f ronn both com npa n ies in earl y 1 973 . Ab out this sadie time , however ,

Optoelect ronics had encountered technical proble ms in fabrication of det ectors

and was unable to d eliver acceptable detectors for the ED pr ogranis (see par i .

2.2.1). Therefor e PAVSC entered into negotiations with SBRC for a detector !

cryos ta t APE p r o g r a m  d u r i n g  May 1973 .

Nego tiations and p r e p a r a t i on  of procurement docun2 nts continued until

June 1973 at wh i ch time the government placed a hold on al l  APE subco ntracts.

The hold was i n i t i a l l y in tended to be for a 30 day period and PAVSC continued

discussions with SBRC . Howeve r , the hold co n tinued beyond the i n i t i a l  period

and in Novembo r 1973 SBRC n otified PAVSC that they would expend no addi t i o n - -fl

effor t on the detector APE negotiatio ms u n t i l  a fir m-i award date was estahl i - ~h~~d.

A t this tim e all effort with SBRC ceased. In earl y Jan uai -y 19714 PAVSC receiv ed

verba l aut ho r i za t i on  from the govern unn-eni t to proceed w i t h  subco ntm acts .

PAVSC had no tified the government that because of the approx i mate si~

mon t h d e l a y  in the release of the detector APE program It was necessary to procure

additional detectors , that would not b2 fabricated on the SBRC APE p ilo t  l i n e ,

in order to meet the fabrication schedule for the AN/5IAS— 3 APE models.
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Ne gotiations were comp leted with SBRC and they were authori zed to proceed

with the k~tector APE p rogram iii March 19714. In a d dit ion , as a result of Contract

Modifica tion P0001 SBRC was authorized to proceed in A pr i l  l97~m , on the fabrica-

tion of a detector !cryostat SAlE test set and eiqht additional detc- ctors. Con— S

tract Modification P0006 subsequentl y reduced the number of addition a l detecto rs

f rom ei gh t to four .

T11e SBRC APE pi l o t lin e was co-mnp le ted in September 19714 and the first two

va lidation detectors and cryostats we re shi pped to PAVSC in December 19714. Th~

remaining two APE detectors were kept at SBRC for environm ental q u a l i f i c a t i o n

test i ng.

Vendor delays in the delivery of a data acquisition system and the

c ryogenic compressor to SBRC caused the comp le tion of the SAlE tes t station tobe

delayed ur iti I March 1 975.

Envtron rnenta? qu aH fic a tion testi ng of the detector/cryost at ~-ias s t a r t e d

and comp le ted in A p r i l  1975. Dur r r Cc J the environmental t esting the SAlE test

station was used to perform baseline and func t ional tests on the detector and

c ryos t a t .

A ll environmental tests were success full~ - completed with the exception of

one failure which occured during vibrati on testing of the detector . Three

detector element leads we re determ i ned to be open . Duri n g a PAVSC vis i t  to SBRC

in May 1975 this detector was opened to visua lly examni i nc the internal structure

and the failed leads. Exam i nati on revealed tha t, all  three leads were broken just

into or adjacen t to the weld at the sunburst . This is the point whe re the 2 mu

wires from the conductive stri pp ing are welded to the sunburst .
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SBRC indicated that welding workmanship was the cause and corrective

- action on any future units w i l l  consis t of improied operation and inspector

tra i ni ng . It should be noted that no detector  f a i l u res  occurred dur in q

I v ib ra t ion  tes t ing  of the APE AN !TAS—3 units. A l l  SBRC effor t was comp leted

in August 1 975.

1 4.2 SBRC DOCUHENTS

Included as appendices to this report are the SBRC docum ents listed

below . These documents were prepared as part of the SBRC APE program

requ i rements.

Appendix B — Vol une I — SBRC Fina l Productiomi Plan

App endix C — SBRC SA lE Operation a-m d Calibratio n Manjal .
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SECTION V

TEST RESULTS

5.1

Tes tin g during the APE progr anm n was divided into three gener al

I cateqom ies; sub—assembl y, system and er ivi ron m nen ta l test. Al l t e stin ~

was per for med in accordance - - u th cont ra c tu a l  and MIL .—Q—9858 requi reeeni t~ -

t Testing was monitored by Qua li ty Assurance by pe ri odic audit of the

tes ting and review of all data. In some cases , tests were ~oi n t1 y per-

formed by QA and Eng i nee r i ng .  Labora ton y system test was perfor m ed on

SA l E equi pment w h ich  was deve loped on the APE p rog ra m . SA lE t e s t  equi p-

ment was ver i f i e d  by government w i t n e s s  of SAlE V e r i f i c a t i o n  lest  per—

formed in accordance with contractual re qu iremnm ents .

5. 2 LABOR ATORY SYSTEM TEST

A tabu lation of s i g n i f i c a n t  system test results i s presented

i n  Table 5— I . Al  1 urn i ts comp l i e d  ~-ui th the t e s t  reqoi re- -i ~n ts

a 
5.3 TAL _T~~ L~

5.3.1 SCOPE AND SUMMARY

The environ m ental tests for the Ni gh t V i s i o n Si ghts fabric ated

und er Contract DAAKO2-73-C-00147 were performed durin c i the period of

September 2 7 ,  1 9714, to November 13 ,  19714. Iwo syste - nS were insed for the

envi ronilental progra m , serial numbers 30 and 31. Al l  tests i-lore p e r f or mm ~ d

in accordance wi th and as deta iled in the approved test pl an , GSDR No . 7l !m .

5—1
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At the conclusion of the imp act shock ti ” s t  , t was ob s- ,~ved

that the mount i nq bracke t support for the t rocke r iii t i nii conrrc C tor hcd

loosened . A review ~as node and it was de te rini ied t h,i t the co n d i t i o n  
S

was mos t like l y a res u l t of prior inserti ons and not a direct result

of the shock test . However , this cond i tion w~i- und e sir u blo ~nd desi qn

changes C-/ore incorporated to str enqt ho n and pr oi ide o ddi t ion ol suiport

for the connector flaunting bracket. [Cal s 23585-0179 an~ 23535-0180

de t a i l  thes e chang es .

Intern al in sp 3 c t ion of the unit after the Impac t  shock t e s t ,

reve aled some deformation of the Ang l e Bracke t and Plate used as h i n~ o

suppor ts for the Display Ca rd , SM-.D_6t~9l 06 . Thore was no effect on

system operation , but it was deemed desirable to imp rove the Bracket

and Pl ate. [CO 23585-0192 i ncreases the str ength of these parts by a

di  I11 d 11 9e f l u - I l  ~~i lJdIi l u ll  -J I  ~~CIy 232!,—T3 d i d 5052—H32 Lu Co us u I

resis tant stee l , Ci’~ES 302 .

Sys tem inspec t ion , upon comp letion of the loos e cargo bounce

tes t , r e v e a l e d  t he cover  fo r t h~ ba tt ery /cartrid ge st o ra -m~e co npart - l - -D t

i n the carry ing bay had opened allowin g pa r t ial ejection of the b -i tt ery

and ca rtrid ge. While not causin g any da.nage and h E i v i nD ~ no effect on

system perform ance , it was decided to co r rec t  t h i s  c o n d i t i o n . Accord-

ing ly ,  the des i g n of the compa rt~m re nt cover and strike r was changed to

prov i de more positive retention of the battery and co rtr i dg c . [CO

23585_Ol8L+ details these chinjos .

The impac t shock and the loose carqe bounce tests were repeated

af ter incorporation of the ( hanOes noted . Test resu lts v al ida t ed the

desi gn changes .

5—3
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5 .3 . 2 E N V I R O N M E N T A L TEST R E SULTS

Thc env ronnie n to I t e s t S ore Ii s ted i n Tot ) 1 e 5—2 , wh i ch

includes the applic able specification , tes t loc ation , d a t a  coup l et e d .

and results. When noteworth y proble m s or circunst ances were encount ered

dur i nj testin g , the area of interest and cond it i on ar e  l i s t e d  in the

S 
r e m a r ks colum n -

5 .3 .3  CONC LUS IONS

Resu lts of the env i ron iiJ n t a l tests on the DRAGON r—i  g u t S i qht

APE Models , de-nonstra te comp l i a nce w i t h a nd s u cces s f u l com p l etion of

the corresponding require me nts and test s ot Section J 13 of Co-itract

DA ~\ K O 2 _ 7 3 _ C_ O O L i7 .
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SECTrON yr
CONCLUS I ON

- 6J GENEPJ\L

This APE prog ram has resulted in the fabric ation of four pro-

duc t ion eng i neered models of the AN/TAS-3 and the development of ~) p i l o t

production line. A l l  tooling and test e q u i pment necessary to support pro-

J d u c t i o n  a t a 20 u n i t pe r mon th ra te , on a s i n g l e shift has been fabric ited.

- A 60 pe r mon th ra te can be a tt a i ned by the addition of redundant tooling

and test equipment , in the l i m i t i n g  areas , such as noted in the SBRC Fina l

I Production Plan (Appendix C).

The uni ts produced are a production mode l of a l i gh t wei ght , rc-

liable and rugged passive infra red real time ima g i n g  n i gh t v i s i o n si ght

for use w t h  the 
~u i d e d  Mi~~si l e  Syc te i Surfi’cp A ttack ( D R A G O N ) .

6.2 APE MODEL AN/TAS-3

j Four APE model AN/TAS-3 units were fabricated from the p ilot

line tooling and man ufacturing procedure s described in the Fina l Product ion S

I Plan (GSDR No. 815). These uni ts , which con tained the producibi li ty changes S

t 
and improvements descr ibed in Sect ion  II , were subjected to the required en-

vironmenta l test and successfull y passed these tests. Durin g test , some pro b—

I lems were  encountered (refe r to Section v) wi th brackets on the ni gh t s i ght

and the carry ing bag. Corrective action was taken in these areas _ sn d thi- tests

I repeated to va l i da te  the changes.

- 6.3 RESULTS

I- This prog ram has demonstrated that advanced p roduction c-ng i000ri rlg

I can be successfully I n)p l35-lI)Ofl tO(l in pa rj 1 l~- 1 w i t i_ s the latter phases of i-nq i

eer ng developme n t. Production cng inccrin q of the AN/TAS-3 w 3 s  pv rflu I -d dur— S

t Ing the f i e l d  test  cycle of the ED proqram dnd in all Ca’~(-s produc t i on  ve rs ions
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of modifications necessary to correct field deficienci es we re i ncorpordtcd

into the APE models. In some instances whe re i t  was not prac t ica l to Clod i f  y

the ED units to correct a deficiency , such as [MI , ti_ sc m od i ficat ions 1)1-re

developed in the APE program and in stal le d in the APE units onl y.

I f the APE p rog ra m had not beC-- n p laced approx i mate l y t 3 5 3 5- i “c months

wou ld have been added to the p roduc t io n lead t i m e  for t h e  A N/T AS — 3 r - s u l t i n g

in a twenty five mon—th lead t ime  to the s t a r t  of deliv ery in l i e u  of the

thirteen months forecasted .

PAVSC beli eves that the existing A PE model of the AN/TAS- 3 m ets a l l

the requir e-ient’~ f o r  a Ni ght si ght for the DRI\GUN n i i c~ i 1” c~~~tem hoI.’’’~~-r , s i g n i f i  -

cant imp rov ell ent s cnn be made. Thece i I 1 p l ~ovenI~n ts  are d scu cced in S e c t i o n  V I I ,

Recomlnendat i o— s .
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SECTION V I I

Rccomnrendat ions

7 .1 GENERAL

At the conclusion of the AN/TAS- 3 Eng ineering Developm ent program .
under Contr act DAAKO2 72 C—0156 , PAVSC presented a set of recommendat ions
for the AN/TAS-3 tha t w i l l  afford si g n i f i c a n t  oper ationa l and log is ti cs
i mprovements. Events have not altered the v a l i d i t y  of thcs~ recommc-ndat ions
and they are therefore also presented j r _ s t h i s report.

Based on experience gained durin g developm ent and t e st ing of the
AN/TAS— 3, PAVSC reconin_sends ti _ sat four major areas of improvem ent to the
existing design be considered. They are :

Thermoelec t r i c  (TE ) too l ing  - Para . 7.2
I n_sage Improv ement - Para . 7.3
Ex tended Range Optics - Pam . 7.14
Dedica ted TOW Si ght - Para. 7.5

Add i tionally, upgrading for the existing AN/TAS-3 ED model N i ght
Sigh ts and improvements to ancillary equi pm ent are  recom mended as f o l l o w s :

Exis ting AN/TAS-3 NVS - Para. 7.6
Battery Charger - Para. 7.7

S 
Launch Blast Simu iat or - Para . 7.8
Carry ic-~g Bag 

- Para . 7.9

Each of the p reced i ng i t e m s  i s  b r i e f l y  discussed in the indicated
paragraphs.

7.2 CONVERSION TO THERMOELECTRIC COOL ING

A fac tor that adds cost and delay to the development of ni gh t v i s i o n
equ i pment is the choice of me t hod for cooling infrared detectors to cy roq enic
tempera tures. Cooling may be accomplished by one of three methods:

7— 1
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a. Thermoelectric cooling -

b. B o t t l e  coo l ing  by li quef ied or
pressurized gas

c. Closed cycle coolers .

Con tributing to the complexity of the cooling prob lem is the need to modul ar-
iz e new equipment desi gns so that commona lity of components (to a vary in c i de-
gree for each_s equipment) can y ield ben e fits iii reduced costs , s i mp l i tied lo-
g is tic support , and o r d e r l y te c i_ sno l o cjica l F- o1I t h .

There are enouqh performance data on ti _ se v a r i l l us  methods used for cool -
I ng detec tors  in therma l i nlaqi nq syste:- is  10)- Arm y appl I c4 - i t i o nS  tha t  the opt i ll_sum
c o o l i n g  me t hod f o r  eac h p a rt i c u l a r  a p p l i c a t i o n  has become evident . Appl i ca-
t ions may be divided i nto four broad cate~ uri es:

(a) Therma l weapon s i ghts or v i e w e r s  operated
by the foot s o l d i e r .

(b) Therma l weapon s i ghts or viel-;1-rs for drivi n g
aids on li ght~- e i ght and thin skinned vehicles ;
such as jeeps , t rucks , ARSV and MICV .

(c) The rma l weapo n si gh ts and viewers for heavy
vehicles; such as the M—60 and XM -l Tanks.

(d) The rma i weapon s gli Ls an d v ewe I S  1~ Ii Aed

wing and he licopter a i r c r ai t .

For the f i r s t  cateqory , t he des iq n  arid per formance requ i re :ents are t i —
posed by the i n d i v i d u a l i nfantryman .j ho mus t ca r r y  h i s  ~-icapons and who cannot
be readi l y supported or re supp lied under fire . His life d epends on his a b i l i t y  S

a s a bas ic  combat e lement  to per f o rm h is  func t ion .

Accord ing ly ,  t herma l weapon s i a h t s  for the t oot - s o ld i e r  must be l icn ht-
wei ght , capa blc of o p e ra t i nq  af t e r  prolonqed exposure to d i r t  and moi sture , and
must be simp le to sup -po r t .  T he r m o e l e c t r i c  coo l i nq  is  t i_ se onl y f e a s i b l e  coo l i ng
method for these app lica tions .

The rel i a b i l i ty of thermoelectric a l cooling and the (acceptable) opera-
tional range achievable t- ,ith 3 - 5 m icrometer syster ils , far outwe i qh the addi-
tiona l range perfo mnnancc that could be obtained w ith  a gas bottle cooled 8 — l~4
mi crometer system .

in the f o l l o w i n g  paraq rap hs tin- d i  sadv~inta qcs of the gas bottle approach -

as we l l  as the advantages of the thcri inoe l~- c t r i c  c o o l i n g  ap roach w i l l  be d e t a i l e d .
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Disadvantages of the Gas Bottl e Cooler for the DRAGON Ni ght Si ght
are:

• W i t h  two consumab les (ba t te ry  powe r and gas pressure )  
S

the rate of cc_ sn sump ti on is in general , r_ sOt equal . The
rate of consumpti on depends upon usage (cyc i i  n _ s q  -t I me
and number of start—ups) and environmental conditions
(tem perature)  - 

-

2. The operator has no reli a ble way to det erm ine the status
of his cor_ ssumc b les . S t a t u s  i nd i cato r s  must be readable
in total darkness , add 1 i t t 1 e or rio 1-/C gh t , al_ s i fins t be
inexpe r_ ssive and reliabl e . Pr ac tical indica to rs of thi s
type do not exist and , u nt i l  dev e lo ped , constitute a
major ob jec t ion .

3. When ti_se pressure runs low , the gas bott le mu s t  be changed .
This operation mus t freouen tl y be performed at ni gh t w i t h
Arctic gloves or in th e :a ttl efi4 --l d under fi ri. The pos-
s i b i l i t y  of con l t a ina t~ n l  the ga lines dur in g ti_s e bottle
change requi res t hat an i n — l i n e  m o l e c u l a r  filter located
close to t i_ se c ryos t~~t be i nc luded. Like the bottl e , t hi s
filter mus t be changed 1-/hen ts useful li f e  has expi red ,
Ti_se useful life expectancy of the filter is unpredictabl e .
Chang i ng of ti_ sc filters can be d i f f i c u l t  and awkward under
~~~~ . 1 4  -.~~~~,. I C~ 

- 
~~~~ ~~~1 - . 1~ Sa I L l ) .) L L J J , J L J U L  ¼ . L J I I 1 I I L I C J ~~~~~~ , 4 ) 0  C, . C L U I 4 - C C 4 7  S 1 I 1 1 ¼ 5 V L .  • I

4, Gas b o tt li-s as part of a n i gh t  s i ( f i t  inherentl y represent
a hazard to the foot soldier since ‘they are pri-ss ur i ie~ at
3000 to 6000 psi. A fragment s t r i k i n g  ti _ si - gas bottle could
prove le tha l  to the gun _ sn e r even thoug h i t d i d  not i _ si  t inn
d i r e ct l y.

5. Gas bottles ar_s d f i l l  station equipm ent as 1-Jel l as the gas
for refill i nq ti_ sc lIOtt 1 es rep resent n_ se w i ti-Ills for an a I read y
overburd ened Army i nvc n_ story syst& -r :- .

U.S. Navy history w i t h  n i t r og e n  c m y o ~~~~
- _ s i c  bottle r e f i l l s

on aircraft carriers i n d i c a t e s ti _ sat the bottle rer su i r_ sed
an unsatisfactori l y reso l ved prob lel l aboa rd ai n c ra f t
carriers. The p r o b l e m  of r t -~ i l l  i i l q  gas bottle s under field
combat con_sd i t ions i 5 cxp~-c tt-d to be -ame h q ri -u t , - r than _ s i_ s hea r t
sh ip.  Sop i _ s i  s t  i c a t e d  I I 1- i d  chary i _ s q  stat ion s Ire ne i-ssary

S to provid e gas bott le re f i l l s .

6. The 1 eve I of sk i  11 requi red by n ig h t  5 i  gu t In-r at i  1) 1) 5 demands
mo re t r~I in ing  for gas butt I t - s  t hani  for t I C - n I b ,  le l  t r i  c cool i n j .
Add i t i c  lId I 1 y , spec i a I t n - li n 1111 4 i s requi n t ’d fe c ii.i n i  no s a—
t ion a t t e nd a n t s , win o p e - r i o n I l  I_so ot lie n ’ 0111 ion in 1 ) - b l O t

1)
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The continu ing need to refi l l these bottles and rep lace

filters represent a mounting cos t for (he e n t i r e  l i f e
cyc le  of the equi pment.

7. Because- hi gh pressu re bottles a r e  necessary , ti_ se present
techno l ogy shows l i t t l e  p r ol i  so of achiev ing a low—co st

expendable bo ttl e ;  for e xample , p rojected price for ini-

tial procurement of hi gh pressu re bottles are approx i —

nia tel y $25 each in q u a n t i t i e s  of 10 ,000 or $ 100 e n c i _ s  in
quan t i t i e s  of 100. To this mus t be added ti_ se refi l l i n q

c o s t s .

8. G~as b o t t l e s  have a 1 in _ s i ted ref i II m y  ii f e t  im: ~ - In order not
to exceed th i s , the bottle s I-lust be lb )(rked at each _ s re fi fling,
The vulnerability of a defense , depend ing upon_s a gas s tock
p il e  and ga s c h a r g i n g  stations is consid erable since the
destruc tion of ti_ se station could neutrali ze the NW ca p a b i l i t y
of entire force dependi ng upon it for supply.

Advanta ges of Thermoelectric Cooling for the DRAGON Ni ght Si g ht are :

1 . Energy consu med by the t h e r m o e l ec t r i c a l l y cooled ni gh t si ght
is from a sing l e sou rce , ti_ se sam e battery ti_ sat i s used to
operate ti_se el ectronics.

2 . On ly sparc bat ter ies need b~ ca r r i ed  hv the aunner or sup o ly
support ac tivity.

3. The thermoelec tricall y coo l ed unit is l i g h t e r in t-~e i ght than
the gas bott le cooled un i t .

4 . The thcrmoe’-lc ctr i ca ll y cooled un it is of hi gh_sir r e l i a b i l i t y .

a. I t does not suffer freeze ups
b. There are no movi n g parts
c. Thermoelec tric coo ling is a l l  solid state.

5. No additiona l training i s rcqui red for handlin g or re-
f i l l i n g  bo ttles.

6. No addition _ sal it em s arc introduced into Army inventor y
(no f i l t e r s , gas bo t t les , or f i l l  s t a t i o n s ) .

7. A force usi ng t h l- r s o olc ctrica ll y cooled si ghts car _ sr_ sot
be neutral i7cd by d es t roy i n g  a b o t t l e -  f i l l  statl e r_ s or
a gas stockp ile- .

8. The rd is no acId it I orn a 1 I_sa~’a rd to the- gunner wi_s i ch ml ght
resu I t f roll_ s ga hot t Ii- pro - s o  re- -

9, Thcrenn ioclcctrjc,_ s l 1y cooled n _ sigh _ st sigh t -; w i l l  operat e-
unin t erruptedly for (1w- Ii t o  of the b a t t e r y .

7.13
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10. A l ower den_sand for person nel s k i l l  is require J . )
11 . Theremoe ’I ect ric coolin g has proved fiel d experience.

The HHV usin g thermoelectric cooling has been successfull y
used i n Viet Nanl and in operation al tests at Ft. Bragg.

12 . When the total cost of own ors i_ sip over ti_ se l i f e  cycle of ti_ se
equi pme n t i s  c o n s i d er ed , the ther llm oc l ectric all y coo l ed
systems represen t on_ s l y ti _ sd r - firs t cost. TI_ se- b o ttle- cOO l lo g
systems represent c o r n t i n _ s u i n g  re—supp ly c o s t s , Il_sore conlpune-nts
to be add ed to inven tory, cos t of f i l l i n g  stations and the’
labor to operate those st ations.

13. To conserve bat to ry  use , ni ght S i  L i l t  opo rat i on f rol l pow-

supp l i e d  by An -my vehicles can be p n o v i d e d .

PAVSC strong l y recommends that n_ si ght vi si on _ s applications requi rin g mod-
erate system resolution for ranges out to 2000 m eters be cove red i - i it h 3 — 5
micron thern u oelectric all y cooled equire nts . ‘cur future improv ed system per-
formance appears to be - ava i l a b l e  throu ll recent advai_ sces in TE cooler m aterials
and fabrication techn iques as ;-ie ll as th m -ouqh nell and improved detector mci —
terials , better application of a v r u i l b l e  detecto r perfor ma nce capability, cold
filtering and other techniques. Cons i d e r i ng  ti_ se o n e r a t i o na l  a d v a n t u : c s , t i _ s e
avai lab le performance growth p o t e n t i a l  cind ti_se expected b e-icr cost  c f  the the c m —
e lec t  i- i  c a l l ’,’ cooled opprn ~ch .3~~~pr’a rs H oh lv d e s  i cable to deve lo~ a far_si by of
low to medium perfor mance SySte mS Usi ng stalllic _ s rd m odules.

Therefore , it is  recommended that the AN/TAS— 3 cc converted to ther rlo-
electric cooling and ti_ sat as an interim step, ti _ se existin g ED u n i t s  be m o d i f i e d
to TE (see paragraph 7.6).

7.3 IMAGE IMPROVEMEI .1

The DRAGON Ni ght Visio n Si gh t (Nt’S) signal proc e ssinq i_ si s been desi gned
to comb i ne high s e n s i t i v i t y  w ith f as t  o v e r lo a d  recove ry .  Th i s  e- ias  done to opt i—
mize the image from weak target s at ma x i ’ .u _ s weapon ram_ sge - Ti_se coi;ibi n_ sat i tx_s of
these desi gn char a cteristics h as resulte d in _ s a si cnna l dyna l l ic rI f l e- of 25— 30 dB
which is sufficient for low con _ strast tar g ets but results in a b an e [roll I_ si gh
contrast targets , such as vehicles at c l o s e  range , t i_ sat F_ save a d e f i n i t e  wi _ site
on black appe arance with loss of gr ey sca l e.

Other c r 1  t i c i s m s  of t he NVS i nn/m gi_s F l I V I  be e_ s n di re _ s c t e - d  t oward  ra s t e r  [1 i c L - r ,
perceptive line structure and low bri nh _ su _ s e ss.

A numbe r of .improv en nent S to en i_ san _ sce I I l _ s O C  gIna 1 i t  y i_ s a ve I l l -en Il -v i sed  and
tes ted  in various PAVSC T ln e r mi n r_ s 1 J I - I q i  nq sys te mi ns . Ti_ sese i nl nprov l - I -1I - r l t s ire di
cussed in the f o l l o w i ng p I r .l g r _ spl_ ss as set forth _ s in Iab le’  7 — 1  not i rig 11104  t i_ sese
image prob l ems are not - l i i  r e l y Se4 n n ’a l I l t — — i I I p l ’o v il _ s g i l l _ s I -  c ima r a cteri s t ii li_say or
may not affect others.
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TABLE 7- 1

IMAGE 1MPROVEMENT TECHNIQU ES

7.3.1 Prean _ sp li fie r Signal Processing

a. Overload Recovery

b . Pre annp li fier Gains

c . Preamplifier Bandwidth

d . Hi gh Frequenc ’, Con_ spensation

7.3.2 Mul t i plexer and Video Signal Processing

a. Improved Multi plexer

b . Multi p l e x e r Ra te

c.  Interchannel  B lank ing

7 .3 .3  D i s p l a y

a. CR1 Phosphor

b. Image F l i c k e r

c. Increased frame ra te  J
7.3.4 Quasi-Interlace
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7. 3 .1  PREAMPLIFIER SIGNAL PROCESSING - _) 
S

a. Over 1 oad Recovery — A f a s t  ov er load  recove-  ry c i  rcu i t  is i ncorpor —

a te d into the A N f l A S — 3  p r e a m p l i f i e r . ihi s allows fast recovery fro mm _s saturation
due to extre ml ne l y ho t flas h es suet _ s as is expI- n ’ic-nc~-d at t i_ sc 111011_sent of mi Ss i  Ic
launch and ensu ing  l aunc i_ s tube a fterbur n_ s . T h i s  overlo r d recovery c i r c u i t , a
form of si gna l l i m i t e r , is one cause ol dynalli c range loss . T I_ s e preamnp l iii e n
noise ou tput leve l I s typ i c a l l  y 1 C) — 15 m i _ s i l l  i v o l t s  p—p and t I_ se 1 i m i t  eel eu t put
leve l is t yp i c c l  I y 3 0 0 — t iOO mi l i i  vol ts  . Dy r ~~~ Ii c ran~m e t ine-r i - fore , er _ s ri es f ru -il
130 to 20 . On an ex per i ; : len ta l ba s i s  e~~i lb bin _ s i t i n l 4  r el ieved , ti_ se pre d:L ) l i t  ic r
output leve l has been measured at  over ~_s v olts p—p r,- _s-m l b t i n q  in a 20 dO inn-
provement in dynami c r o n g e  and a correspondin g i :_ sp rov - - i - e _ s n t  I n scene rey s c a l e
rend i t i o n _ s . W i t h  t h i s  l i m i t i n g  removed , labo ratory ti-’ t S to si t mmu l ate launch
blas t we re conducted and no si g n i f i c a n t  i n _ scm ea se In _ s re_ scov i-ry time was noted.
On two systems , the Veh icle Austere Ni g ht Si ght (VA h )  a syste ml l i ncorporat in _ sg
NVS s i gnal processing , and a ther m oelectric all y cooled ve rsion of the NVS w ith
an extended range lens , t i_se 1 i n _ s i t i nq level of t lie recovery ci rcu i t -/ aS Ni sed

by a fac tor of ~~ This m o d i f i c a t i o n  was installed along w i t h  a reduction of S

p reamp l i f i e r  gain increasing the d yn _ sam l n i c range to a l_ s oot L45 dB . The VANS wid er—
wen t a series of field test firings with the 105 - m n  r i f l e , 20 mm cannon and
50 cal machi n_ se gun. No excessive overload w3S noticed and scene qre~i scal e
was noticeabl y enhanced . The exten _ scIed range TE cooled system e-ias not exposed
to field test firings althoug h recovery time is expected to be ti _ se sane as in
the VANS .

b . Prc~ mp1 l i — c  fi2~ — Th~ A N/TAS — 3 nrr’ar in l  h e r  c a i n _ s  of 295 was es—
tab lished to~overco;-lc m ultiplexer noise. This fl O i S e  c x t S t S  r~ the f o i -

~i i  of
switching sp ik es dur ing w h i c h  no s i gnal is prese nt a~ time output . Reduci n_ sp
preamp l i f i er gain doe s improv e_ s the d y m l c i l i C  canoe (by re d u c i ng  the p r c a p l i -
fier noise output) but at the expense of S/N ratio . The a b i l i t y  to d etect
low contrast targets of arourm d 0 . l °K delta is decreased and inter—channel
dead bands increase in w idth . A decrease in o re / m i l l _ s p l i t  ic r gain - l u st be ac-
companied by a reduction of multi plex er sp ikes (see par aqr aqi _ s 7.3.2)-

c. P reamp b if Ic r Bandw l i l t h — An I nc r ease n t i  - upper cut —off freque n_ sc y
of the NVS prean _ sp b i fi ers from _s 2 kilz to 5 klli was imp l emented i l _ s  the VA l~S and
the TE cooled , extended range NVS . S i n c e  t i_ s c  d c t e - c t o r  no i s e  i s  i -SSe r l t a l l y
1/f , increasing the upper cut--off frequency w i l l  not s u b s t a n _ s t i a b l y degrade
S/N but w i l l  improve the in_ sa ge quality by reason of an in crea sed MU . Al-
thoug h_ s no comparati vu data is ava l  b a b b e  , inc rec’scd I , ll II m i d t h  (along - i i  ti _ s other
image i r_snp roving modifications) substantiall y i nnprov ed p icture re solution of
small de tailed targets.

d. H i gh_s F reguency Colilpensat ion — Om i I N -  on - i gi nla l TE cooled ext ended
range NVS , with the fr anne rate i ncrelse (l to 20 , iii t i m  I’ l -I 4uel _ scy p e akin g t-/~lS i n —
corpora ted to ext e nd the i _ s i  gh f re qm l -ncy rub I —c _ s f I to at oll 1 3 kb-li . TIi i s Il_sod i —

~ i cation in con] unc t ion  wi th a ie d tm cec l  pr )~ ui lj ) l i t  icr g a i n  of 150 enha n ced I l1a 11~

1)
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grey scale and sn_s_ sa l I target detect ion as observed in _ s various field tests.
The effect of hi g her scar _ s rates an_ sd in _ s c - eased hi gh frequen _ scy response n_ seed
to be furth _ se r eva l uated to d e t e r i _ s _ s i ne the o v e r a l l  e f f e c t  on i m ~_ s a ge improve—
n_ sent .

7 .3. 2 MULTIPLE XER AND V IDEO SIGNAL PROCESSI N G

a . IIm _ sp n ov edh Mu 1 t I l  exn _ s r — Dec reas I rig pr eamnp ii f i or qa ni (p~ rag ran h
7 .3 . 1 . b) req ci i  re_ s s ti_ s e use of a b e t t e r  m I_ su I t  I ph cxc r u-u t i _ s  a 1 owe r be- ye I sw I t cl _ s —

ing sp ike in _ s order not to lose S/N . On t i e VANS al_ sd the  l a t e s t  ve _ s i- s io r i of
liii ’ TE e :oeled , ex t e n_ sded  range NVS ci mnu l ti plex en - w i t b a n_ soi s e energy output
per pu ls e ’  o f 1/5 to 1/10 of ti _ se l\N /fAS_ 3 m u l t i p l e x e r  e-uas used . The pr ea r ’ig l i—
f I er gain _ s -uas rechuced by a f a c t o r  of 2 .5 u-u i ti _ sou l los i _ s o  S/N , t h ereb y I ncrea s  —

ing dy n alml ic ran ge and grey scale rendition .

b . Multiplexer Rate - On the VANS and the imp roved TE cooled ER/N V S
t he fr a me rate cias increased to 30. T h i s  re q u i r e d  u_s co r re s pon _ s d i~_ s g i n c r e a s e
in the v e r t i c a l  scan f requency (and t i_ se mas te r  c l ock  f rom _ s _ s 30 kHz to 650 kH:)
in order to p rov ide  an adequate number of i ncre ienta l samnp l IS ’S  and to preserve
a merged raster . The preamplifier ba n dwid th was a l s o  i n c r e a s e d  as d i s c u s s e d
in pa ragraph 7 .3 .  1 . c . The i nn_ sp roved mu I t ip I exer can also liar _ sd he the
c o r r e s p o n d i n g  increase in m u l t i plexer switching rate (72 time s the vertica l
scan frequency )

c. In tercha nne l Blanking — On the AN /TAS— 3 n _ sL il t i p bexe r , s- - u i t c h i n q
sp i kes  are remov ed t roll_s the v i d eo by a si_ sort interchannel b l ank in q pulse fed

i n to  the video output stage . On the V/INS and urn t i _ s e impro ved v e r s i o n  ~t t H --
TE cooled ER/ NVS the use of the hi gh sneed  m u l t i p lexer s -ui ti _ s t i_ sd r extremely
narrow swi tch i ng spikes obviated the need for this blanking pulse _ s and it was
removed resulting in a more homogeneous displa y. Ihis is be caLise t hc  scan
efficie n ncy goes f rom 80 percent (not count in retrace) to 100 percent . Fur-
t her  in_ sprov ement in d ynam ic range can be acl-i eved b y changinc m a transisto r
shun t switch on the output of t i_se l imIt ip l exer (still requi red for hori ’e n lta l
cross hair bla nkin e ) to a FET sw itch ther eb y e l i m i n a t i n g  c l i pp ine of the
v i d e o  s i gna l a t t h i s  stage . Il_se resultin g improv em _ sie nt in cross hair b r i _s d l t —
ness n_sust be wei ghed aga i nst cir c u i t  changes requ i red to incorpora te  t h i s
F FT .

7.3 .3 DISPLAY

a. CRT Phosph ors — T i_ s~ AN/TAS— 3 U5I~S a CRT ~-~i ti _ s a P20 phos phor . T h i s
is  a br i q l_ st y e l l o w -g r e e n  d i s p lov (5600!c peak) with u_s p e r s i s t e n c e - of 0. 2 mmm i 1 1 1 -
second . Two othe r CRT ’ s , one e - u it i _ s a P28 p h_sosp i_sor and one w i t h  a P145 phos: ;ii et r
we re eva luated in t i_ se l a b o r a t o r y . T he P28 phosphor i s  ye— i l ou-i - g reen (550P”
pea k) w i t h  a re la t  i veb y s b  1 1 /  MO ni 1 1 i s - c o _ s d  p e r s i s t e n c e _ s . It was t ho ln q l_s t  I hat
this slow pers is tence mni qh t tend to reduce S t i_se I licke r i_ sI feet hint a s I d c — N v  —

sid e comparison with a s tanda rd  AN/ TAS - 3 d i s p l a y  revea led  an o v e r a l l  deqnw_ sda-

t ion of p i c tu re  q u a l i t y  to  a nn u n_ s a c c e p t a b l l - Ic -y r- b , accordi n g to several t r a i n e d
observers .
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S The Pl~5 pl_sosp hor i s white wi t i_ s 1.7 millisecond persi stence. A b r i e f
evaluation was conducted and relative l y favo rable cor l - 1 t - r _ s t s  we-re receive d ro— S

gard in g a somewl_sat reduced leve l of f l i c k e r a ltl _ so u (J i_s m lnor e test m g  is needed On_ s

this type of phosphor . Ti_se P145 phos pho r has he~I’l _ s successfull y used on_ s t i e
other PAVSC m a i l i n g  sys tei .iS an _ s d ap i_ sa l - i-nt  iy has l . _ s ss phosphor burn _ s—i n_ s than ti _ se
P20 type , an i mportant co n sideration for ti_ se t-JVS .

- b. image Flicker — As p rev ious  i y s tated the present i-N TA S— 3 ope r e t e s a t
a frame rate of 15 fps . Tb_se effective disp lay fr an_ sc re te  See - n b y the eye c_ so - be
one half that or 7.5 fps due to two effects.

L u _ s _ si ted low frequency response of amp l i f i er s

Ed ge flicker caused by back and forth seal_ s .

The bi n_ sited low frequency response on thc l~~S was purpose l y cho sen so as to
p r o v i d e  rap i d  recovery  from strong therma l t a rw -t s and also to reduce ti _ s c _ s v i s i b i l i t y
of the detector 1/f noise. How ever , the limited l ou-i f requency response produc es
diffe rentiation of the video wave form p a r t i c u l a m l y for extend ed t a r u e t s .  T he i _ s _ sage
presented on the CR1 w i l l  therefore be sl i ghtl y d i f _ s c rent during the scan from left
to r i gh t than fro _ sm _ s riqht to left.

The eye is particularl y Sensitive to this and view — ti_ se tu-u o Hages as diff e r—

- : ent frames and thus in effect , sees a 7.5 fps i _ sane.

Edge fli cke r is caus ed by anot her e f f e c t . Th i s n_s_say be e x p l a i n e d  by cons ider-
ing first a target in the exact center of the field of v ie - -/ a r_s d second ly ,  a ‘ r e t
nea r the edge of the f i e l d  of vi e u-~’ . W i t h  the tar g et in t i _ se center , t i_ se vid e o -/ove-
form would appear as show n in (a) and with the target near the ed ge as in 1 N ) .

(a) ~fl fi~__________  
LOWEST FREQUENCY

I C O M P O N E NT IS (5 t1z

bj~~

SEC4.. 

~~

SE
Ct~~~

SEC

~~~

(b) .j tjj t J1.j fL — L0W ~~ST FREQUENCY

SE C IIJ 

C O M P O N E N T  5 7 5 I i i

Of I i_ sn.~ t -in f b i  eke r p roduc i nq effects , t i r e-  ed lm e 11 I c L1- r e f t  ee l  i _ s i _ s i _ sea I S  Ic _ s I)) ’
t i r- lesser .
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New s i gna l process ing t e ch _ s n i  ques are  bel n_ sq i l iVe - S t  gated on_s t i _ s _s C ou nn on M i-P u be s
Proyra nm _ s tha t appear to h_ save a p plicat i on to tb _ s e fl i c ke r , recov ery a nd irr . _ s i l e - q ua l i t y
prob len_ ss of the t~jç Specif i c a l l y, a noi _ s linear teci _ sniqu c which _ s produces a video
respo nse such as i s  shown in (c) be l ow .

________________ 
H I G H  SIGNAL

(c) 

Z 
~~~~~~~~~~~~~~~~~~~~~~~~~ L O W  S t G N A L  

FR EQUEN CY

For u u - i k  v i d e o  s i o n a l s , t hu _ s n requi — ncy renpo ’ _ s s - e i s  e x te r _ s eled t o  e ry  10 - /
frequencies and t h - u~ -i 1 1  produce nearb y i d e n t i c a l  I r u l e s  fro _ sl_ s right to b e _ s t  and I - -

l e f t  to ric jht. For very hri - ; i _ s t  extended t a r g e t s , the video ban -N ess is redeicr - 5~ in
the In.-’ f reque ncy en _ sd . T h1~ he lps  to i lm_ spr n -e the recovery. The’ i -  peeled b -  7
t h i s  techni q u e  I s th at t i _ se n _ s or ei 1 backq ro im n I oh i cii cont a ins re bat I ye b y u , _ sa~ ~ Pr- - - - 

—

nals wi 1 1 be seer_ s a t  ti _ s c _ s frame rate of tho scanner or -m d - u i th less  f a t  i cue oroc~~c 
- n_s

f l i c k e r . St ron_sq target vi si hi Ii ty - -u i l l  pans i b by be er _ s i n a nced s i nec the I Ii c k r - _ s  -

q uency u - s il l  be on_ se half t I _ s i l t  of the scanner .

Another i leo rt an t be-n _ sr - fit expected from _ s_ s this t e c l i lmiqu c IS the rt’dL;:ti . - o~
virtual e l i n _ s i n a t i o n  of black streakin g to ti _ se ri ght and left of bri ght t a r u e t s .  i — -
sho u ld  subs ta nt i a l l y reduce the obscur ation of u-,-eak targets near b ri r t h t 1a r ~u e- S .

c. I n c r r _ s n -d i r - ~~c i c _ s e  — On the -N /TAS — 3, bec _ su sI - of AC coup lin g  and th .
ed ge flicke r elf) c _ s disc us s -P above - , t i_ s e apparent flicker frecuency is coed to

S one half the f ram e r a t e  ra t i _ s c - n than bc— i ng equal  to ti _ s e f r _ s r _ s i r -  r u _ s te .  On the ~-~‘.S
and on the in_ spr ri ved TE coo l~~d ER/N1J S the scan rate was i n c r e a se d  fr~xii 15 t d  30
fram es per second. The hi giree frame rate does incr o I~~e the apparent I l i c l n - r
frequency and dcl i n i t e l y imp l - ves the image qua lity . Tb_ s e i n cr c- ._sscd scan r e te
requires ci_ sanges in the pr e alm_ sp l i f i e r  and m u h t i p le~ cr as p r e v i o u s ly d i s c u s s e d .

7.3.4 QUASI-INtERLACE

The pres ent AN/TAS—3 desi gn uses a s-nm p lr -- back ~nd forth azi m _ s nuth scan
motion. The scann _ sed area is covered by a l i n e a r  a r r a y  c o n s i s t i n g  of (d nearb y
conti guous ele m _ s_ ser m ts. TI_ se arn a y cjeomnetry is dep ict ed in F i u n r e  7— b. It w i l l  be
noted ti _ sat the inter—e l ei ;r ent spacing i s  nor m a l l y 0.0008 in _ s c i_s and the c l e w - i t
size is norm all y 0.00315 i nch. Il_se ac tual detectors as delivered h_ save an aver-
age clement spacing closer to l i_se upper tolerance l i m i t  01 0.001 i nch and ar_ s
average clennent size closer to ti_ sc lower t ob e ra _ s _ sc - _ s H - - i t  of 0.003 inch. The n-
exi st s therefore a gap of ro ir i it _ s l y 33 pe re e l _ s t  in I i _ s I -  sc an r_ sed ._s i - i  one. - ra s- ( n  -
count i ng opt. cs spot h b in rr i m~~)

I t  i S puss ib i  e by i T _ s t cr1 aci n_ sq I wd_s S uncc ess i ye s e e r  I i e 1 ds o doej t 1. ’ h r  -

numbe r of ra s t e r  l i nes  in ti _ s.- d ispl a y (see Figure /—2). li _ si t , i yoe i i n _ s t - i  1 .  --
S 

w i l l  con r_ sp l et el y .— l i n r l i n _ s a t I -  the 33 Percen t  nap. Ti _ sc ’ i l _ s I r - r i - n e  w i l l  n I r V i f -  — S

o ve rlap  c i t  5 ( 1 ) 1 1 _ s i 1 ines r e s u l t i n g  i l _ s  a im _ son e  n t n n i t n r j m  d i 5 n r l I\ r a n t - n . lIlt h

number of ve r t  i ca l  _s a r - r  le p01 nt s is ex pecte d t — .  a t  ‘-m 1111 1 11 ev e  i i - - ~- .  i t  ~ l ‘ -
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To achieve these desired imp rovements PAVSC proposes to i nvest igate two
method s for imp l ementing the requi red interlace scan mot i on . A pre limina ry
eva l uat ion of the two methods has shown that each can be desi gned into the ex-

~stin y DRAGON Ni ght Si ght package with minimum redesi gn . Ihe two me thods are :

a. Scan Mi rror Interlace — Fi gure 7—3 shows the method of interlacing
with the scan mirror . The elevation axis is p laced on the optica l axis to p re-
vent axial displacement , and hence defocus , with inter lace. The interlace drive
elements are two push solenoids which are actuated in synchronism with the azi-
muth scan mirror. The ex i sting bounce/contact sprin gs can be used for solenoid
progranining. Two adjustab le stops are provided to accuratel y adjust the excur-
S i On.

It would be desirable to p lace the two solenoids on the “short ” end
of the mirror to provide better balance. However , the drive sector qear is
in the way and a symmetr cal system is used instead . the e x is t i n g  balance
we i ghts on the mirror , therefore , remain the same . Since the added mirror
mounting frame and solenoids pushe s the center of grav ity further away from
the azimuth scan axis , t’ie balance weight on the drive shaft is increased to
compensate for this shi ft. Electrical leads to the solenoids are flexible
wi res of berry lli um coppe r (spring temper) to ensure  long life and qood flexi-

~ I ty.

The calculated elevation angle movement of the scan mirror is ve ry small
amounting to 0.088°. The linear motion at the drive points i s  on ly  0 .00095 inch .
To prevent excessive errors from being introduced at the elevation axis flex-
ure pivots wi l l  be used instead of ball bearings , thereb y eliminating the pos-
s i b i l i t y  of rad ia l  p l ay.

b. Wobble Plate Interlace — Figure 7-h shows the me t hod of interlacing
us i ng a refractive wobble plate element . Imaqe dis p lacement is qenerated by
tilting the optica l plate in the convergent optical beam . The most convenient
location for the opt ical plate , consideri ncl size , inertia , and balance , is as
close to the detector array as possib le . Two rocking solenoids are used which
actuated in synchronism with the azimuth scan m irror. T0 transform the rock-
ing motion from a horizontal plane to a vertica l p lane , a transfer arm (bell
crank) is used . The calculated wobble ang l e is .t14 .O ° us i ng a 0.020 inch thick
silicon plate.

Same obscuration wil l  occur during the extreme ri ght azimuth scan ang le.
However, the amount is very small and deemed acceptab le to system performance .
A prelimina ry i nvestigation ind i cates the magnitude of the obscuration to be
equa l to or less than 5 percent.

7.3.5 RECOMMENDAT iONS

Most image improvement techniques discussed in paragraphs 7.3.1 throuah
7 .3.3  have been successfully imp l emented in two ima qi nq systems , thn VANS and
the TE cooled extended range version of the AN /TAS— 3 . A substantial degree of
improvement has been achieved in reduced raster flicke r , grey scale rendition
and display homoqenity as wel l as imp roved MRT and MTF . These improvements
have been rcaflzed without a major redesi gn effort and are readil y adaptable
to present AN/TAS-3 ha rdware . P
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It is therefore recommended that., as a m in i m u m , future versions of the

AN/TAS—3 incorporate the spec i f i c  mo difications listed be l ow.

a. Overload recove ry circuit modification
b. Preamp fl fier gain reduction
c. Preamp lifier bandwidth inc rease (Hi-f cutoff)
d. High Frequency Compensation (further stud y required)

e. New type mul tiplexe r .iit h reduced swit chi ng sp ikes
f. Increase in mu lti plexe r s’.ii t ch in q rate (master clock)
g. Removal of interch anne l bla nk in g
h. inc rease frame rate to at least 3OF ps
i . Replace transis tor shunt wi th [El shunt
i. Change CR1 phosphor (further stud y required )
k. Eva l uate siqna l processing t e chn iq u es  f rom Com,,(,n Module Program .

Quasi—interlace , as discussed in paragrap h 7 .3. 13 , would provide a mo re
uniform display raster and also improve the vertical MTF . However , the methods
of achieving the interlace have not been mechanica ll y or e l ect ricall y imp le-
mented and the affect on system wei ght and powe r consumption evaluated. Fur-
ther study of quasi- interlace is required .

7.b EXTENDED RANGE OPTI CS

Based on PAVSC observations of many missile fir ings , discussions with
DRAGON gunners and a review of a comp ilation of mos t missile firings to date
utilizing the NVS , it appears that the optimum firing range for the DRAGON sys-
tern guided by the AN/TAS-3 against a tank size tarc iet is about 750 meters. The
r e s o l u t i o n  and s e n s i t i t y  of the NVS is su ffic~s~nt to afford the ~iunner a ~ood
sight picture of a tank size targe t under most field conditions at this range.

At 750 meters the gunner has about 8 seconds for his si ght picture to
clear from launch blast and afterburn , to recover from launch shock and to re-
estab lish a smooth track and/o r stable aim point.

TOW firings during OT Il test phase at Hehenfels , Germany , h~’ve
resulted in a 60 percent hit capabili ty from 600 to 1000 meters using the NVS
as compa red to a 17 percent hit record using the day tracke r under illumina-
tion . An unexpected result was a 75 percent hit record at 1500 to 1675 meters
wi th TOW .

PAVSC recommends that the NVS be outfitted with a somewhat larger ob-
jective lens ~+.9” , f/l .2, to give the DRAGON weapon , guided by the NVS , an
optimum hit range of 1000 meters , the maximum wire length of the DRAGON missile .
The extended range NVS would also make the NVS very effective for the TOW Ifl JS
sil e system g iving the weapon a good hit probability in the 1600 to 2000 meter
range , and providing a good survivabili ty range against threat force ni ght
counter fire , such as that from 50 cali ber weapons.

A comparison of the parameters of the AN/TAS-3 and a m odified system
i ncorporating an extended range lens to g ive the DRAGON system an opti niLim range
of 1 ,000 meters is presented in Figure 7—5 . The rmoelectric coolin g parameters
are included.

7-16
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FULL DRAGON RANGE

PARAMETER AN/lAS-) • 
NVS 

— •_____ 

)

ff1 1. 2 1.2

L. 3.6” 4 9 ”

Lens Dia 3.0”

DAS (mr) 0.86 0.63

HElD °C 0.1k 0 .11+

FOV 4° x 6° 2.9° x 4.4°

Frame Rate/Sec 15 30

Detec tor

Type PbSe PbSe

Number 61+ 61+

Oper. Temp 145°K l95°K

Cool er Type Jou1e—Thomp~on Thermoelectric

Weight (Ibs) 10.3 11 .5. est.

Battery Capaci ty (AN) 1 3.6

Cont. Oper. Time (FIr) 1 1.8

5 Mm ON , 5 Mm OFF cycl es 6 21

Display

Type CRT CRT
Magnification 4.8 6.5

Logis tics Battery Battery
Freon 11+
Gas Bottle
Charg ing Station

I.
FIgure 7 -5 . System Parameters 1)
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7.5 RECOMME NDATIONS FOR TOW

During the ED phase of the AN/TAS-3 program several adaptat ions of the
Ni ght Vision Si ght (NVS) were made for the TOW weapon , Fi gures 7-6 throu gh
7-10. They are :

Sight Coolin g Lens Contract

TE/NVS TE 7.2” FL , ff1. 2 DAAKO2—7 2—C—O1+8~
ER/NVS JT 7.2” FL , ff1. 2 DAAKO2—73—C-0022
AN /TAS-3
w/TOW Bkt JT 3.6” FL , 1/1. 2 DAAK02-72—C—o 156

These programs demonstrated a number of si gnificant features of the basic
AN/TAS—3 design , as follows :

• Commona lity of modules

• Adaptability for conversion to IC cooling

• Ada ptability for conversion to a dedicated
TOW confi guration

• Capability of performance with the TOW weapon .

Commona lity of Modules DRAGON/TOW — The i nherent desi gn configur ation of
AN,’TAS-3 w H  pe rm it the complete sconncr ~ssem b~ y to he ir ~ t rrh~ nnr’~ h lp between
a TOW and DRAGON system . T h is  is t rue for a JT or TE fina l conf i guration .

Conversion of TE Cooling - Completion of the TE— DNVS demonstrat ed that
the existing AN /TAS—3 JT desi gn can readil y be converted to IC coo I~ nq wi th
re lative l y m inor changes . These are : remova l of the cryogenic coolin g sys-
tem , replacement of the Detector/Bias Assemb l y, modification of the detector
mounting surface , modification of mai n frame battery bracket and replacement of
the battery . All electronic components , with the exception of the detector and
battery remain identical. Refer to Fi gures 7.7 and 7-9.

TOW Configuration — A dedicated TOW confi guration of the NVS is i llus-
trated in Fi gures 7-6 and 7-7. This JT cooled uni t includes an integra l bore-
si ghting mechan ism which attaches to the TOW weapon and incorporates a 7.2”
focal length lens. The entire scanner assembly of this unit is identica l to
the AN/TAS—3 . In a TE cooled unit , the outer housing w i l l  be substant ia ll y
simp lif i ed by el imination of the tube portion of the housing required for the
gas bottle and va l ve .

TOW Fi rin g s — TOW firings durin g 01 11 tests in Ge rmany , April 19714 ,
showed the effectiveness (56.2/, hits) of the AN/TAS —3 when used with TOW •
It is expected tha t hit percentage would have improved had not berm obscura-
tion and gunner attitude been questionable factors as indicat ed in the PAVSC
f i e l d  test report. Furthe rmore , i t  is anticip a ted tha t if the fti ll DRAGON
range optics recommended in paragrap h 7. 1k , or the TOW dedica ted extend ed range
optics is adopted , per formances wi l l  be substan tially improved.

7-18
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Based on the preced i ng factors , PAVSC recommends th at, as a
nm ini m um , t he ’ AN/TAS—3 be considered as an in terim ni ght si ht fo,
TOW . It is furthe r recommended th at to improve performance , m i n i —
m ize logistics and to optimize human factors consider ations for the
gunner that a dedicated ni q h t sight for TOW be confi gured wit cx-
tended range op t i cs  ( 14.9”  FL , f/l.2), IC cooling and a housing de-
dicated for the TOW weapon .

7.6 RECOMMENDATION FOR EXISTING AN/TAS— 3 NVS

At this time there are 29 ED and 14 APE models of the AN/TAS-3
in existence. PAVSC believes there is a need to have all
AN/TAS-3 units available on a standby basis. Standby systems L-~ 11
provide an immediate NVS capabi Ii ty at minimum cost and provide
maximum utilization of the large expenditure of time and Govern-

- 1  ment funds tha t have been invested in the existing system.

S Modifications and improvements determined during field testing
which are included in the APE units , have not been incorporated into
all 29 ED systems . Therefore , PAVSC recommends that all ED models
be updated , as reuired , to incl ude the following items:

• Improved Boresight Modificat ion
• Refurbishment to eliminate degraded detectors
• Addition of Freon dryer/filter
• Modification to accept rugged i zed BVD
3 Replacement of cyesh ields
o Additi on of no i se suppressor valve
o Replacement of soft rubber battery connectors

It is also recommended tha t the following APE improvements be
i ncluded :

o Low Voltage Power Supp ly
o High Voltage Powe r Supply
• Scanner Printed Circuit Assembl y

The preced i ng modifications wi l l  provide a source of i mmediate
night si gh t capability with JT cooling. It has , howev~’r, lo ng been
PAVSC ’ s conte ntion tha t man portable type Night Vision systems should
emp loy TE instead of JT-type cooling to enhance “Desi gnated Gunner ”
and operation and minimize logistics problems and lif e  cycle costs (refer
to paragraph 7.2). It is , therefore , strongly recommended that , in
addition to the modifications , all or a portion of the 29 units be con-
verted to TE cooling and modified to incorporated a 14.9 inch focal
length full DRAGON range lens. It has been demonstr ated on Contract
DAAKO2-72-C-O1483 and by in-house effort that this IC conversion can
readily be accomplished.
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7.7 BATTERY CHARGER RECO MM ENDATIONS

During field testing of the DRAGON Ni ght Sight reports we re received of
degraded battery performance , that is , discharge time under fi e ld operation
ave raged somewhat less than the norma l 60 m i n u t e s .  Th is  led to comparison test
between the Battery Charger Adapter , NVL8147 (schemat i c  SC-D—770955) which ~-as
be i ng used in field tests , and a battery charging c i r cui t in use at PAVSC .

The PAVS C charg ing circuit is shown schematicall y in Fi g ure 7 — 1 1 .  Iwo
DRAGON batteries SM—D—770l80 containing Gu lton 5Rl25 cells , SM-A—77 0338 , were
used for the test.

Resul ts  of the tes t  are p lo t ted  in Fi gure 7-12 and tabulated in Figure
7-13. As show n , the re is a vast imp rovement in battery performance when usin g
the PAVSC charg ing circuit . It is to be noted that in the last charg ing cycle
(cycle 19) the batteries were interchan ged on the charges. As shown , the re-
sulting discharge times were compa rable to those previous l y obtained . This
further confirms the relationshi p be tween charg ing me thods and discharge time .

The most si gnifican t feature of the PAVSC desi gn is cons idered  to be
the preconditioning cycle which automaticall y discharges the DRAGON battery
mode. Additionall y, in the charg ing mode , the charg ing curren t is controlled
and tapered . Con trol of the current is m aintained by sensing the batte ry ter-
mina l voltage . This comb i nation of characteristics in the PAVSC charger el ir-
m ates the pos sihi 1 i t y of hattery polarity ~e’.’ers~~l er~d thc r~~ l ru~3~~y. Thc~ e
conditions arc considered to be princip l e causes of i-educed battery p e r f o r ma n c e
when charged in the NVL 8L+7 charger.

The refore , it is recommended that a battery charge r suitable for field
use be developed using the PAVSC c i rc u i t . Addition a ll y, the charger should be
capab le of operation from 50, 60, L~OO cycles and vehicle battery power.

The preceding test results and recommendations we re documented ii a re-
port to NVL dated 28 Februa iy 1975 , GSDR No. 793.

7.8 LAUNCH BLAST SIMULATOR RECOMMENDATIONS

In a 60—day program , under modification P00018 to the ED contr a ct , PAVSC
deve l oped an experi mental mode l of a Launch Blast Simulator (LBS). Results of
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this effort are full y described in a f i na l  report dated 2 August 1973 , PAVSC
GSDR No. 565. The LBS was desi gned as a siriulator to produce an effect of
the Ni ght V i s i o n  Si ght d i 5 p l ay  s i m i l a r  to that produced by the i n i t i a l  miS—
s u e  blast and ensuin g afterburn.

In an Army feasibility test fina l report dated March 20, 197~4, six
of e i ght test soldiers stated tha t the LBS simu lator tr a inin g ‘‘would bene-
fit a Ni ght S ight  gunner ’’ . In th e sonic report , the U .S . Army In fantry Board ,
in part , concluded tha t “An obscuration devic ” for use with the DRAGON
Trainin g Equip m ent and Ni ght Si ght to train gunners is des irable and feas-
ib le ”.

During and a f te r  gunner t r a i n i ng  cond ucted by both PAVSC and the Arm y ,
PAVSC observed ‘first round” f i r i ng s  by student gunners.  These observations
showed tha t first round hi ts were 52 percent greater by gunners trained using
the LBS then by gunners trained without use of the LBS . Fir st round f i r i ngs
observed are listed below .

W ith LBS Tr ajn i~j,~

Hi ts  l i r i n Q s  / Hits

19 30 63.3

W i thou t LBS T r a i n i n g

H i t s  F i n n  /~ Hjt~

9 12

Based on the Army report and the available PAVSC data , it is recommended
tha t a lau nch blast simulator be irciuded in any future NVS tra ining . Use of
the LBS should substantia lly reduce training costs associate d with live firin g s.
It is also recommended that the existing experimental PAVSC LBS desi gn be i m —
proved and rugqed i zed to make available a unit suitable for fie l d t r a i n i ng  ap-
plicat ions .

7.9 CARRY ING BAG RECOMMENDAT ION

There have been numerous suggest ions dur ing the course of the DRAGON
program for mod i f i ca t ions to the Ni gh t Vis ion Sight (NVS) carry ing bag that
wou ld improve i t s  u t i l i t y  in the field. Among the most important was a reco-)Imer)t-
ation that the carrier be changed to a back pack confi guration , wi th, or with-
out , the use of a back pack frame .

- In a technical proposal dated 23 May 1971+ , PAVSC/GSDR No . 71 2 , PAV SC
recommended tha t the ‘existin g NVS carry ing bag dcsiqn be modified for use with
the standard A rmy All— Purpose Li ghtwe i ght Individual Ca r ry ing Equi pment Sys—

1)
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tern (ALICE) . It was also recommended that a suppleme ntary carri er be de-
signed to transport sufficient batter i es and coolant bott le s to support ten
hours of cont i ,iuous operation . The proposed concept is i 11 LIs t rated in
Fi gure 7 ~1I + . It is to be noted that in the event TE coo l i fly is imp lemented ,
the concept can readil y be modified to eli mi nate s t o r ag e  for the coolant bot-
ties.

The present NVS carry in g bag can be oas i ly mcd i lied for CISC W I t h  the
ALICE syst e m of hardware by the a d d i t i o n  of the standard design attaching en—
ye lope to the surface of the bag. The back pack can also hI’ uSed wi the ‘t the
f rome by a t  t aching the Standard  shou 1 der s t  raps di rec t I y to  nic t a l loops and
r ings fas tened  to the bag. A shortened v e r s i o n  c~f the p re s e nt  ca r ry ing s t r a p
w i l l  remain for use when the night s ig h t  must be hand c a r r i e d .

The desi gn for the supplement ary carrier for bat tory and coolant bottles
is i ll us t i -a ted in F i guru 7— 1 i. The bas i c component i n the cons t ruct  ion of t h i s
c i rrier is a simp le mo ldin of closed cell polyeth y lene foam , the S0T:o - m aterial
that is used for the ni ght si ght and t racke r shock cushions . Th is  mo ld ing  w i l l
be approx imatel y 3—1/2 inches w id e by 7 i nches high x 7 inches deep, and w i l l
have three cavi ties for the support of two batteries and one bottle or the
equiva l ent of two hours of system ope iation . S ide by side attachment of up to
five of these nodules , as shown , w i l l  g ive the requi red ten hours of opera t ion
in a package 17 inches lo nq by 7 i nches hig h by 5 inch es deep. A further arm l i—
ficat ion of this concep t mi ght include the addition of the Boresi ’iht Ve rifica-
tion Device to the package .

O A % l ’Z r - - - , . •,. , • t ~~~ - - - g - -  - - - . 
- - -l S ~ I~- I J s s I I ’ I S . I ) s _~~~ L)~~UL. 1 1 1 1 5  s_~uI s S . ~ l~~p L  L) t~ I I  V L I I  C- L ) , IS I U C) c I t l L i , ,  I I I  c i s l y  L U L U I C

effort concerning the DRAGON Ni ght Vision Si g ht.

7.10 IMPROVED I3ORESIGHT VERIFICATION DEVTCE

In February 1973 , PAVSC completed the desi gn and f a b r i ca t i o n  of thc. f i r s t
three experimental models of a Boresiqht Verification Device (BVD) to be used
during testing and eva l uation of the Ni ght Vision Sight (NVS). These experi-
menta l BVD ’s establish ed the f e a s i b i l i t y  of usinq a I i qhtwe i qht coi l i -na t m c i  die—
vice to enable field bor esi qht inq between the NVS and the tracke r , in lieu of
a distant aimin g point. A distant a i m i n g  point necessitates f i n d i ng  on settin g
up of a common IR and v i s i b l e  radiation soui-ce wh i ch is remote from the DRAGO N
gunner. The experimental BVD is shown in Figure 7-16. A lthoug h the experi -
mental BVD ’s performe d their intended function , they lacked the ruggedness and
ease of operation required for military field use.

In March 1974, PAVSC proposed a program to NVL to rugqedize the BVD and
modif y its design to simplif y field operation and installation . Aut hon i ia t i on
to proceed with this program was g i ven in June l97~+ , at which time PAVSC began
the redesi gn effort. Fabrication and ali gnment of the RIjqqedi7cd Ro res qht
Verification Devices (R—BVD) was completed in lebruary 1975 and enviro nmental
tests we re successfully completed in March~ Figures 7~l7 and 7-18 ShOW the R—BVD .
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Fi gu re 7-16. Boresi ght Verification Device - Experimental Model
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A l l  of the known S hoi - t corn i nys of t he experi m ental mode I s w er e  c o n  —

rec t ed  in the R— BVD . Improvements inc luded :

• S i uip l if ied a ,i c li ; :nenit to the NVS and e l i m i n a t i o n
of the we,i L att a chin g lat ches.

o Inc reased  bni ght nes~ of the vi s j, l ’  t a rg e t  image .

• Imp roved des i qn to w i t  hs (and Ii old hand l i i : .

• El imi  nat ion of expo’-ed cables .

• Sirnp l i f i e d  ma chi ni n j  of a r t s  -

• Sim pl i f i e d  i nt c-rn a l opt ic a l al iq i r  ‘mt and test -

A review of the completed R— E3 VD dosHn has indicated that a wei ghi say-
ing i n the order of 0.1 to 0.2 pound can b~ realized i n  future u n its by reduc-
ing some thick stee l sections in the i nne r optical assembl y. A ctual wei gh t of
the present unit is 2 .95 pounds cxc l ud in L  the b a t t e ry  ‘ -j e inht of ap roxi ri a t e l y
0.76 pound . In addition an i r;lprove mt ii ’ the v i s i b l e  iria ~ es of the R— BVD can
be made to facilitate laboratory tests of the units . The p resent v i s i b l e  in -
ages are sa tisfactory when the R— BVD is insta lled in a combined Tracker-NVS .
I t is recommended that these addi t ion al i m p r o v e m e n t s  be incorporated in any
fu ture production units.
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PHIl IPS BROADCAST EQUIPMENT CORP.

~ I A NORTH A M E R I (  AN P H I L I P S  ( O M P A NY

- 
ELECTRO-OPTICAL and INFRARED

Our Government Systems Division is a
- leader in the field of electro-opt ics , wit h

- - emphasis on infrared technology. Princi pal

‘ 

I activities include infrared imaging systems ,
low light level television systems , TV sys-
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 produ-
tion companies.

— Plumbicon Color Cameras and Filni Chains ,
Porta ble Color Cameras , Conso le Housings ,
VHF Transmitters , Color and Monochrome
Monitors , Sw itching and Distribution Equip-
mont , Audio Systems.

-i 
- 

~~~- NORELCO VCR
New (o lur \- Ide() cas sette re( urd/ 1)Ia\ un it -

Stiperb ( () l( r T V in I he ( (  )!lVOfl lent 1/2 t ape
— (d~~(’tte Iorti iat . I \t reme l\ portal)k’ and reh—
• aIile . I or ed u (at io nal , t r a in ing , I)roI~l~~t Ion1a t

and I)u’-.l ne’e. ( onimunit atR)ns In ‘-.~ hook ,
• — r u e d i t i  no , i nd list ry and government.

COMMERCIAL VIDEO SYSTEMS
I Nore lco color and monochrome TV systems

- for industrial , educational , medica l, mi litary

1:1 1 
and Cable TV applications.

• - AUDIO SYSTEMS

- - Full systems for radio and television sta-
tions , recor ding studios , t heaters , churc hes ,

- sc hools , industry, hospitals , and all sports
- and entertainment facilit ies.

- S S Paging and Intercom Systems , Sirnultan-
- - 

cous Interpreting Systems , Sound DeLis
P11 ILiP’~ I3ROADCAST FQ(J IPMFNT CORP. Equipment , Microphones, Amp lifiers , Sound
A NORTH \M i  RIUAN PHIl IP”  ( O M P A N Y  - -Columns , Loudspeakers , Mixing Consoles

• - 

ONI PIIIiiPS PARk~ A’v ‘Ol 
~~~~~

,, 

-I 

~~~~~~ 
Tape Duplicators , Multi—Channel Commu-
nication Recor ders.
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