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SUMMAR Y

This report covers the act iv it i es undertaken and accomp lished relative to~ i~~~~~

development of an improved reflector assembl y for the AN/VSS-3 and AN ‘VSS-3A

1 Kilowatt , Xenon Short —Arc Searchli ght Assembl y. The work involved a

number of interrelated act ivi t ies .

Initial operationa l and performance tests were accomp lished , using a Government

supp l ied A N/VSS -3A Searchli ght Assembl y, to ver if y that certain performance

degradation , w hich had been noted in previous production contracts involving the

SeorchUght Assembly, was the result of instobiUties of the reflector mount , or hub,

or of a ~sUppage~ or movement of the electroformed reflector relative to the mount ,

or hub. Ray trace and re—image optical tests confirmed that such movement or

~sli ppage ” was, in fact , occurring .

A complete re— design of the reflector assembl y was accomp lished through sequent ial

fabrication and test of modified versions of the components. Improved stability

and gripping of the reflector was accomp lished by a combination of changes

including hub and retainer materials , quant ity, s ize and torque requirements of the

clam ping bolts , the development of a lapping techni que to im prove the match of

the hub and re tainer to the reflector , together w ith other related improvements .



T h e  resultant ie—designed reflector assembl y was then subjected to a multitude ~f

ope rationa l tests including exposure to exaggerated flexure s (simulating operational

c hange from compact to spread beam modes) , tempe rature extremes , and other

factors intended to detect any remaining deficiencies. Additionall y, in an effort

to improve overa ll Searchlig ht per formance as wel l  as minimize production costs

associate d with extensive “ tuning 1 and component matching. e tc . ,  during Search lic iht

manufacture , a more str ingent series of tests was develcpe d to make possible the

detection and select ion of reflectors capable of ~et ing an improved performance

spec ification .

Comp lete drawings and specifications were developed to depict the new reflector/

hub/retainer assembl y, and new test procedures and criteria were developed . Six

reflector assemblies conforming to the new drawings and specifications , were

produced and tested to verif y both the improved performance attainable and the

increased stability and consistency of the new design.

During the course of production tests of Searchlig ht Assemblies employing the new

reflectors , a previousl y undetected problem was discovered. Certain new tests

revealed a tendency of the electroformed reflectors to suffe r a permanent loss of

performance due to residua l deformation when exposed to high operationa l

tem perature while maintained in the spread beam, or deflected , mode for prolonged

periods of time .

It is concluded that all orig ina l objectives of the program were fulfilled with the
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development and documentation of an improved reflector assembl y. Further work

may be required to full y determ ine the cause of , and to develop effective correct ive

measure s to prevent t he degradation associated with high temperature , pro longed

flexing of the reflector.
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SECTION I

INTRODUCTION

The basic purpose of the c~ r i t r ~ t .VUS to ‘ prove the SC— D--~47 0lO Reflector

Assem bl y uti lized in the AN \ ‘SS-3 Search li ght , and to develop improved test

tec in ic 1ues to be Uti l ized in ac cepta nce test nq n the ref lector assembl y to I n~ m e

t hat future procure m ents wi l l  ‘ro ide reflector assemblies which maximize sea r cn—

li ght performance and re l iab i l i t y  wh i le  minimizing t he cost associated wi th  search-

li ght ali gnment and attainment of specified per formance .

The program , as propose d and performe d, consiste d of a number of interrelated

areas cf ac t iv i ty .  For purpose of c lar i fy ,  t hese areas are listed independentl y

below and are similarl y del ineated in the subsequent sect ions.

The specific areas of actL ity  w Hch were undertaken included:

I. Preliminary Reflector Testing :

Test results and accompany ing eng ineering data v e r e  developed from

extensive testing of individual reflector assemblies. In order to obtain

true comparative cri teria , a number of units of the “old sty le , “ or present I >

spec ified ref lec t o r  assembl y # sC .D..o47olo , were teste d so t i m ct  the ir

performance cou ld be direct l y compare d with that of the improved desi gn

as developed during the course of the program.

The tests included standard “sphere of confusion ” tests , “gri d tests ” (which

pinpo int local anomalies), and other related tests wi th the re f  Icc ~ su b—
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je~ tod tc a var i e ty  of de f lec t ion  o d n s , inc luding severe “ov e r—f le . i .

2. ~~~~neering and Desi gn:

An eng ineering arid desiqn phase evaluated two versions of an im prcv ed hub

retair rei confi guration , wh ich were intuit ivel y and empir ica ll y deve looed to

combine inse r contro l of tolerances w Ith a more sta ble and accurate physica l

conf i guration emp loy ing increase d c lamp ing forces t~ e liminate the observed

s li ppoqe or le~ r’~~t ic ’ r m ss h ich somet imes occurred during the ‘‘ f lc>.ed” 0:

sp i tar i  beam operationuf cy c le .

A basic requireme nt of the new desi gn was t hat comp lete interchangeability

wit h the presentl y spec i f ie d ref lector  assembl y be maintained to el iminate any

poss ible problems associat ed w i t h  retrofit or maintenance.

3. Development of Improved Test Techniques:

In con 1 : , L t I O r l  wit h the above , an extensive stu dy o f new and improved

optica l testing t r c l n m i i qun wa~ undertaken which provi ded ~cr “zc’nal ma pp ing ’

and compariso n nt ~ e entire act ivr surface of the reflector. The result~ ~f

t hese n’ m e stringent tests provided a basis for the determination of a more

meaning fu l sper if ica t iomi und for new ref lector product ion “point source ”

tests. These tests should urovide future reflector assemb l y acceptance cr iteria

that has a meaningfu l relationsh i p to ultimate searchhg ht performance.

It is a goal of the program t l n o t  all reflector assemblies of the new and

i r m m p r o v ’ 1  desi gn, i e s t t ~c i and accepted per t he improved test techni ques, w hen

a



r n t m e r  I. instal le d in a Searchi ght Assembl y wi t h other con forming compo nents ,

s ill v i rtua l l y gua m u mi t ’ n attain ment of a ll searc hli ght perfo rmance sped

re lat ive t n peak beam candlepower and beam holeing requirements.

4 .  Develop me~~~~ e-des ign~~.-~~~f lect~ r Assembl y:

Experi mental versions of the nes.’ hub and retainer conf i gurations were pro duced

and the performance and stabi l i ty of each resultant ref lector assembl y was

teste d, both independent l y as a “ ref lector assembl y on ly ” (being subje cted ~

def le ct io ns su bstantial l y greater than t hat to be exper ienced in actua l opera—

t iorm ) and as a functioning part of the searc hli ght syst c m n . This .. us acconip l I shed

by incorporation into the GFE Searchli ght Assembl y, w here they were sub j ecte d

to mu lti p le f lexir igs between compact and spread beam modes of operation ,

w hile exposed to all normall y experienc e d operating temperatures as deve looed

wit hin the Searchlig ht housing.

5. Finalization of Desi gn, Drawin~~ and Specif ications:

After a ll evolutionary des i gn nro dif icat ions and co rrections had been comp leted

and eva luated, t h e  desi gns and spec if icat ions were finalized and draw i ngs

developed for the comp lete reflector assembl y, inc luding details of nUh ,

retainer , and all nther components. Final details regard ing material s o ec i f ic a—

tion , finis hing treatments , assem bl y torque requirement , and other factors

relate d to the repet i t ive production of high performance ref lector assemblies

were developed and documented .

It is Intended that these resu I tant draw i rigs and spec if ic it lo r i s  w i l l  be the basis3
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conditions , w hen t i re mirrors were left in the flexed , or spm ~~~ beam , condition

for a prolonged per iod of time at high temperature , t he peak beam candle-

power was observed to have dropped drasticall y a fter the Searchli ght was

returne d to its compact mode of operation. Repeated tests at Varo and at P11 ,

in w hich the prolonged duration of flexing was again combined with high

operational tem peratures , produced similar results indicating that a problem
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did indeed exist .

“Old sty le” or present speci fication reflector assemblies , including residual

units wh ich had been produced more than two years previousl y on another

contract , ex hibited the same deformation and degradation of per formance

when exposed to Sim ilar test conditions, indicating that the problem was not,

in fact , new or related to a recent change in the characteristics of the elect ro —

formed reflectors themselves.

It was concluded that the problem may have alwa ys existed with the present

desi gn con figuration and material specifications , but that it had previousl y

been masked by two factors . (1) The more obvious deformation and perfo rmance

reduct ion previousl y experienced wh ich was related to slippage of the

reflector w thin the hub/retainer and, (2) the fact that the specific test

conditions which apparentl y contributed to the newl y discovered deformation ,

namel y prolonged duration of exposure to high temperature in the flexed ,

spread beam mode, had never previousl y been applied in a manner which

caused the deformation to become evident.

5
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SECTION II

• INVESTIGATI ON AND DISCUSS ION

During the course - f nhe program , certain phases of the act iv. ty were undertaken

simu ltaneousl y w here possible , -~.hi~e ot her phases were , o f course, sequential ly

dependent on comp letion of tnc preced ing effort .

The ensuing discussio n of tHe work accomp lished during the course of the program

is presented, in t he interest of better organization and conciseness , independentl y

for eac h phase in the same general sequence as outlined in the Introduction.

1. Preliminary Reflector Testing

F 

The test technique utilized for the independent testing of the reflector assemblies

encompassed both a repeat of the initial acceptance test procedures, and additional

tests associated w ith controlled flexing of the reflector assemblies.

Spec ificall y, each re flector was subjected to the following tests.

A. Grid Test — The Reflector assembl y is positioned on a support structure whic h is

capa ble of movement in both elevation and azimuth. A point light source is

positioned on a manipulato r w hich prov ides a capability of three axes adjustment

(X-horizontal , Y—vertica l, and Z-ax ial). A grid of 1/8 inch wide bands equall y

spaced at one inch intervals , both horizontall y and verticall y, is placed in front

of the reflector so that the collimated light from the reflector is projected through

the grid to a target area , w here is is observed and/or photographed.

0
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In th is test , w hen p per focal point pos itioning of the point source is achieved , and

w hen a true , undistorted , para bolic reflector surface is present , a shadow of the

gr id is projected to the target area without distortion.

4 If local anomalies or deviations of the reflector shape exist , the deviations cause

t he shadow pattern of the grid to be disp laced on the target , show ing the exact

location and extent of any anomal y.

The degree of angular deviation of the reflector can easil y be calculated from the

observed disp lacement of the gr id pattern ‘~s related to the distance from grid to

target. A diagram of the grid test components , and related calculations are shown

in Figure 1.

B. Sphere of Confusion Test — The standard sphere of confusion test is used to

determ ine the overall inregrated , or average, performance of a reflector assembl y.

In t his test, the reflecto r and light source are pos itioned and utilized in a manner

identical to that emp loyed for the grid test , except that the grid is removed from the

beam and instead of allowing the projected image to fall on a target for visual

observation, t he target is swung out of the way and the beam is directed onto the

reflective face of a parabolic “coll imating ” m irror of high accuracy from which the

rays are red irected to the focal po int of the collimating mirror. An integrating

sphere, having variable aperture plates , is positioned with t tle aperture at the

theoretical focal point of the collimating mirror. Aperture plates hav ing a variety

of different entrance aperture diam&r’rs, which by calculat ion relate to various

“spheres of confusion ”, Q1 l’i~5’ determination of the overall accuracy of the reflector 
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being tested . A diagram of the test set up is shown in Figure 2. The specif ic

test procedure and criteria for calibration and determination of “sphere of

confusion ” is containe d in Appendix A.

The two test procedures above serve to identif y t he overall preexisting condition

or quality of each reflector assembl y and to establish its relative performance

capa bility as related to the specification. App lication of these tests prior to

flexing or searchli ght operation provides a reference point or “base ” condition for

comparison and measurement of potent ial degradation.

Prior to initiation of this contract , a large number of reflector assemblies manu-

factured to, and in tota l comp liance with , the ex isting drawings and specifications

for the SC-D—6470 10 Reflector Assembl y had been tested by the above described

techn iques. However , to prov ide an up-to-date basis for exact and specific

comparisons , a ser ies of re—tests was made utilizing standard reflector assemblies.

A summary of the “sphere of confusion ” performance rest results and accompany ing

“grid test ” pictures is shown in Figure 3.

After establishing the base performance capabilities for each reflector assembl y,

each reflector was mounted in a modified searchli ght frame assembl y w here it wos

sub jected to flexing forces which duplicated the reflector deformation conditions

produced by the mec hanism of “spread beam” operat ion within the searchli ght.

To accomp lish this in a controlled and infinitel y var iable manner , the eccentr ic

electr ic motor driven deflection mechanism was rep laced by ci mec hanical , screw

9
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SPHERE OF CONFUSION PERFORMANCE
REFLECTOR SERIAL PRIOR TO DEFLECTION AFTER DEFLECTION

NO. 1 mm .35 mm 1 mm .35 mm

008 98.5 78.0 97.0 25.4

011 98.5 85.0 98.5 38.4

012 99.0 85.0 98.0 46.3

0t4~’ 99.2 91.2 89.0 9.7

018* 99.0 78.0 89.0 15.2

019 98.8 85.5 96.5 18.0

023 98.5 69.5 92.0 15.2

027 96.8 77. 3 98.0 49.0

112 98.6 52.8 85.0 23.8

038 99.0 88.2 98.0 43.7

NOTE: I) W t h  .040 inch equivalent aperture (4.085 in.) virtually all of the
beam energy can ente r the aperture, even though the beam becomes
badl y distorted due to reflector movement between adaptor and
reta iner. This is not the case , howeve r, when the 0.35 mm
equivalent aperture (1.407 in.) is used as can be seen by the right—
hand column.

2~t All reflectors deflected .250 in. actuator travel.
Residual deflection graph shown in Figure 4

FIGURE 3 SPHERE OF CONFUSION TEST RESULTS
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driven actr .~ator which provi ded a niethod for inducing specific and controllable

deflect ion.

The test frame was also equipped with dial indicators mounted at the top and at

eit her side of the reflector , approximatel y 1/8 inch from the outer rim of the

re flector and normal to the reflector surface. The test mechanism was mounted on

the standard mirro r mount equi pment , prov iding both azimuth and elevation move-

ments in such a manner that the “grid” and “sphere of confusion ” tests cou ld be

per formed exactl y in t he same manner as previousl y described for normal static

mirror assem bl y testing.

lo determine the effect of vary ing degrees of reflector flexing on the perfo rmance

and stability characteristics of the reflector assembl y, the “base” test condition

was repeated and the characteristics of the “gr id” and “sphere of confusion ” tests

in the unflexed condition were recorded . The reflector was then distorted in an

incremental manner by app lying the deflection force through actuation of the

screw mec hanism in increments of .050” .

After app lication of each deflecting increment , the dial indicators (which had

been previousl y zeroed for the “base ” test conditions of the undeflected reflector

assem bly ) were read and recorded . The deflecting actuator was then backed off

to remove the deflection force , and the reflector allowed to return to its “normal”

cond ition. At this point , the dial indicators were again read and recorded .

If return to normal or “base ” condition was comp lete , all dial indicators would

12
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coo zero ami d the “grid” and “sp here of confusion ” tests wou ld dup licate the “base ”

condit c’ris . I res idual defor mat ion occurred to the mirro r assembl y, t he amount of

suc h Jeforma t ion was m-~j is ter e d by th e dial indicators , and the effect on performance

was Jn.~tect nd hi> the “gri d” and “sphere of confusion ” tests. The residual deformat ion

wu~- indicated in the “g r i d ’  test by a d is t inct  f lattening of the disc of lIght pro~e c t c J

ny the ref lector assembl y arid a disp lacement of the grid lines as prolected from ti~c~

v icin ity of the bottom of the mirror where the deflection fo rces were app lied . The

per form ance , or percent of tota l energy contained within an aperture of a given

size , was o Le observed to drop in t he “sphere of con fusion ” test.

As noted , t he amount of deflection was increased by mult iples of .050” in each

successive test sequence , with t he deflecting force being totall y removed after

eac h deflection until a maximum deflection of .500” had been app lied. Data was

recor ded for each deflection increment while flexed and after removal of the flexing

force.

It should be noted that the definitior, of “degree of deflection ” applies to t he amount

of movement of the push rod caus ing the deflection , rat her than to the actual nrc-: , -

ment o f the re~Iector rim itself (which is of a lesser degree and results from a transfer

of t he fo rward push rod force through the push pad mechanism to the reflector rim

as an angu lar component of the fo rward force). Desp ite th is lack of direct coup ling,

the amount of actual deflection of the rim of the mirror was found to he quite

reproducible for any fi xed increment of push rod movement.

13
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vV hen t he Searchli ght is asSe r ’ L lca and adjusted , the amowit ~ mirror deflection

can be varied. Actua l deflection results from the total poss ible movement (u~

produced by t he drive motor cam) reduced by “free travel” between push mechan ism

and reflector. Such “ F ree t ravel”  is adjustable.

A ltbc~ugh various fi gures Hud been supp lied to P11 regarding the amount of push rod

or mirror deflection mechanism travel utilized in obtaining spread beam operatio nal

conditions , the def l ect ion m echanism of the GFE Search li ghf was re—measured and

related calculations performed at P11 to verif y what the maximum possible deflect ion

movement cou ld be. Calculation of the cam and cam follower disp lacement , den t

from actua l measurement of the components resulted in a possible total travel of

.272” minimum to .276” maximum. To determine the possible effect of clearances

and “back lash” , the mechanism was actuall y rotated and measured . It was deter-

mined that true resultant ush r:.d rr.”vement was .270” .

Since it has been stated by t he technical personnel involved with search !i ghf assemb l,,’

and test that the push mechanism is normall y adjusted to provide a stroke of onl y

approx imate ly .200” , and since the maximum possible deflection induced by t he

drive mechanism is .270”, the test parameters wh ich prov ided deflection move r n- -t :

up to .500” actua ll y applied deflective forces more than double those which would

be experienced in actual operation. Graphs showing t he results of these def lect ion

tests are shown in Figure 4.

It should he noted that while cert&rr of the original SC-D—647010 Reflector Assemblies

showed l i t t le residual distortion at normal deflection levels , other units exhi bited

14
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severe - t-sidu al def or r r at i~ e and ac~ ~r Dany ing oss of performance. Ccrc-~ul

exo rn inaflor i ~~~~ all of tee cc mn pon e rrt5 , u~se r r Lh y procedures arid tc rque val ues

indicated no measurable di f fe rence between the “qo-~d” or “Lad” € - t l ec t om

assem bl ies , ieadin~ ~e the cu r ’~ lusion tha t the “good” L: I I I t S  were probabl y border~

line , ~~~~~~ th-c t overa ll perform ance wa s unpre dictab le.

Normally , t he reflector securel y rno~ ’~tcd in an u r i  Hing manner at its

inner ner in :ry, a re rJrn to normal ~-nn f i rj u rc t io n c r t c r  f lex i ,- a does , in fact ,

occur. It , ho , - iev er , under the solidl y app lied force o f t - c  mechan ica l l y ac r lj a t ed

push ro d, r-~re rehec~nr s~ ps or moves scriewhcr t bet ~-ee r  the t - .’,-~~ C L m  :ing surfaces

c f the iJopior j nC e~-J iner , t h0n when she def ier  fln~ force is re rnn-ved there is

no equa l or opposing Force c a llable to d r i v e  th e reflector back to ~s or iginal

ecr -F i gur ot ion , a’~~ r ef def~ rc c’d c ’a n riq uccrsioms is retained by the clamp ing action

of the -rd~; -r r and retainer.

T his characte r : r c  “s 1 ppu~ e ” has been conclusivel y proven by simpl y loosening

the sc r~.- - - ~~ whic h provide t h e nmn rg force between adopro’ and retainer , u~lo’. v ,~ ;

t he rr irro r to et-j rn ~e l’s - r - n r f n a i  oara bolic contour. \“ hen the screws are then

re—t i ghtened , the o r g ina l, symmetr ical , hi~’h performance beam cha racter ist ics are

restore d. In v i - ~uc VL y each instance , t his cha racteristic .‘- -o~ repeate d , leading to

the f irm conclusio n t h a t  the mirrors were not bending o distorting as had prev ious 1’,- -
‘

been supposed, but were merel y s l i pp ing wit hin, and being retained in the sli pped

or distorted configuration by, t he adaptor and retainer hardware of the reflec tor

assembl y.

ló

_ _ _ _ _ _ _ _ _ _



A num ber of units of SC- D—6470 10 ref lector  assemblies were then installed in the

GFE Sear hli ght and , after fi rst al lowing t he searchli ght to obtain stabilized

internal operating temperatures , were su bjected to a number of cycles between

compact and spread beam modes of operation. In many, but not all , instances , the

beam pattern was o bserved to degrade after repeated (up to 50 sequential ) f Iexieg~- .

Such degradation resulted in an observable flattening of the bottom and general

spreading of the projected beam shape after return to compact mode , accompanie d

by o mar ked reduction in peak beam candlepower.

The above tests served to further confirm the conclusion that the reflectors were

indeed sli pp ing, and that an improved hub retainer confi guration and overall

re flector assembl >~ re— design was required to gain the required stabil ity and rel ia—

bit i ty.

2. Eng ineering and Desi gn

Since it had prev iousl y been determined during the course of past re flector assembl y

and searchli ght manufacturing procra rn s , and was currentl y being verified in

greater detail throug h dup licate tests and evaluation, t hat the prime cause for

performance c~egradat ion was related to mirro r movement or “sli ppage ” within the

adaptor/retainer assembl y, certain correct ive desi gn approac hes were obvious.

The most precise portion of the electro fo rmed reflector is , of course , t he parabolic

re flective inner face. Because of this fact , log ic dictates that mounting and

uni form geometrical support of the ref lector be accomp l ished relative to that prec ise

17



face , and that c taHl i ty  of the ref lector be assured by t he method of attachment.

In the previous or existing design for the SC—D—6470 10 reflector assembl y, the

“retainer , “ w hich serves to coup le the reflector to the searchlight frame , is an

extremel y thin, flexible aluminum component. The “adaptor ,” wh ich is positioned

behind the reflector (arid is used to clamp the reflector against the front retainer

by means of eight (8) equall y spaced No. 4—40 cap screws), is somew hat heavier

and t herefore more stable than the companion front retainer. This relationsh i p

al lows any deviations induced by possi ble nonuniformities in the rear of the

reflector e lem ent to produce a warp ing effect in the mirro r, which cannot be

correcte d by t he relativel y unsta ble front retainer.

Additionall y, s ince the coefficient of thermal expansion of the 6061—T o aluminum

alloy uti lized ir fabrication of the reflector adaptor and retainer components is

near ly double that of the nickel utilized in the reflector (and the stainless steel

c lamp ing screws ), an undesirable imbalance of movement and forces due to thermal

expansion during temperature cycling can lead to stretching of the extremel y 
—

inadequate No. 4- 40 cap screws which accomp l ish the clamp ing and holding

act ion, and ~n disp lacement of the mat ing curves of the components. Specif ic

data regarding the thermal expansion interrelationshi ps are shown in Appendix B.

A number of other undesirable factors also exist in the present design. Since the

nickel re flector , particularl y the smooth front face which is rhodium plated, is

consi derabl y harder than the aluminum adaptor and retainer materials , it is vir tual l y

18 
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impossible for the f r - :  it r ~t’-riner tv net a “b ite , “ or gri p on the reflector to

prevent the undesirable sti ~~o~e ~ r - -v ’:ment. Add tiona ll y, t he  torque levels

achievable ~‘,~ th  the 8 #440 clamp ing screws are such that onl y ‘.-e r y limited

~;r~~~ing forces -:a’- he achieved .

Mea~Li:eP ent’~ of the flatness and/or roundness of the hub assemb l y, when the

reflector (detached from the searchli ght) was intentionall y flexe d an amount equal

to t~r~t in the spread beam confi guration , indicated tho t the reflector , and not

the huh. retai ner components, became the stronger or governing factor. ~‘J her the

mirro r ~vas flexed , the adaptor and ~er ~r ine r  were deviated from their “as machined ”

configuration. In short, the entire adaptor/retainer assembl y was determined to

be inadequate.

The initial intuitive and log ical redesign of the reflector mounting hardware included

the fol lowing changes.

A. A general configurat ion redesi gn to prov ide direct support of the reflector by

means o f a more rigid hub which provides improved , more stable mating charocter-

isti cs to t he Searchlig ht.

B. A choice o~ 
-n~~~l for the hub material, rather than alumir urn, for increased

strengt h and to minimiz’: the effect of d i f fn ;en~ er o f coef f ic ient  of thermal expans ion

between the bolts , hub, retainer and re flector in the final assembl y.

C. A re—design of the retainer , to be posit ioned at the rear  of the reflector , into

a twin land, sem i—flexi b le ring whose sole purpose is to provide a high degree of

c lamp ing force in such a m anner that the reflector is held firml y against the hub

19
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j r t he accurat e reflector front surface i r L r e r f r j c ~ Sc- th at ‘I’: he:: contour goic r i s ,

rather t han the re ta ine r  ring.

D. A n increase in t he size cc and change in s~ ec i f i c a t i en  for, the asser r~ ch a r y- lea

sc rir ;- s ½ provide a higher torquing capabil i t y and increased clamp ing fo rce.

Two similar hut basicall y different confi gurations were initiall y evaluated . Con ic—

uration I provided f~ i positir ning of the clamp i r d  screws f r y n -  t i r e  fro st side of  the

hub , throug h the reflector and into the retainer rin g w h c h ~,Qf t hreaden ti - re-ce . e

them. C - -n f i u5at io n  2 reversed this positioning, with t i re d a m ping snc- c- - 1 r : sv  r ‘ - i

from the rear, or retainer si de , t hrough the ref lector and into the steel huh os~er h ,, .

Co r r i rosro f  ion I was calculated to have the least effect on “ rirro r claoi p ieq forc e

due to en’~ ronmenfaI temperature deviations since hub , bolts , and reflector oooi- ~

he closel y matched in coefficient of thermal expansion, t he bolts being ret -h nod

—‘ the aiumi num ring to the rear. hJ ltimate torque levels attainable , lro ’ eve , w oj h

be less m a n  those attainable with Confi guration 2 due to the possible :tt - : r ~~ C

the t hreads in ~he ak’mir,um retaining ring.

The reversed - - d t  position of Conf i guration 2, while sub ject ing t he bolts t~. s c : - t

degree of physica l “working ” or stress variation , due to the mismatch in coe r t c ~e~~

of thermal expansion between the steel boltsand t o  aluminum retain ino rhsc:  th;’~ I~

wh ich they must pass, may provi de h ghcr clamp ing f~ r’-”~ throug h thread engacn- me nt

of the steel bolt with the steel hub, whic h is a s j r s k u i i t  id I >’ r - f ro n~~er C l€ ’ ;ns r~ t o n

the a i r s r -’ in m -eta in ing ring. Addit ionall y, i f d0  bolts ur - o s i e i i ~ sized

20



w ithstand the stress occasioned by the unbalanced thermal expansion of the

aluminum retainer r ing, greater clamp ing forces w i l l  be achieved because of the

difference in thermal expansion when the Searchli ght is at operating temperature ,

w hich was the condition under which previous sl ippages were found to occur.

~e— :~ntc d , if ‘h1 bolts are pronerl y sized, the expansion coe fficient differences

wh ich were previousl y found to be detrimenta l can become advantageous.

As an added f e a t : : , it was felt that positioning of the c lamp ing screws at the rear

of t he reflector would preclu de any possibility of inexperienced personnel from

acci dental l y removing the mirror clamp ing screws , rat her than the hub retaining

screws, w hen working with or removing the reflector assembl y from the Searchli ght

for ar~ reason. Figure 5 shows the two confi gurations.

Both configurations of the new hub were detailed and initiall y fabricated, but,

t hroug h discussions v,’ ith the COTR it was decided to pursue Confi guration 2, due

to t he apparent advantages listed above.

W i th  t h e  present drawings and specifications , eac h of the individual reflector

assem bl y components is separatel y dimensioned and toleranced , so t hat additive

to lerances can , and do , occur. While the focal length of the electroformed

re flector is held to a reasonabl y close to lerance , ~ .010 inches , w hen assembled

to the retainer an additional tolerance build up of t .015 is possible , allow i ng

a total of .025 inches between the true point of attachment to the Searchli ght

and the actual best focal position o f the reflector.

21
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Since the reflector assembl y is purc hased and utilized as a “comp lete assem bl y” it

seems more reasona ble that the dimension of real crit ical i ty is the actual distance

from the point of attachment to the Searchli ght to the “best ” focus of ~he parabolic

reflector . Where even relativel y gross ( t . 050 inches for instance) deviations a t

re f lector foca l length, if properl y positioned relative to the arc source, would prodr~ce

immeasurable differ ences in performance , it has been proven that mino r deviations

(on the order of .010 inches) in the relative position of arc “hot spot ” to re flector

“best focus ” can produce marked changes in peak beam candlepower, beam holeing

c haracteristics and total beam angle.

With these facts in mind , a re flector/hub assembl y re—d imensioning was developed

which first determines the average “best focal distance ” of the reflectors being

rep licated fro m any given production tool. With proper app lication of electro form ing

rep lication techniques, utiUzing adequate stress contro l, the reflecto r focal lengths

are reproduced to a high degree of prec ision with deviations rare ly exceeding .005

inches.

The new hub design dimensions and tolerances carefull y contro l the distance fro m the

hub/searchlight inter face (Reference letter B of the hub design), w ith respect to the

relat ive position of the paraboloidall y curved sect ion of the hub, wh ich is the true

pos ition of attachment and contro l for the reflector face. With this dimension

adequatel y controlled, repetitive pos itioning of the reflector assembl y in the search—

light to a high degree of accuracy on a totall y interchangeable basis is achieved.

23
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Initial tests of the new confi gurat ion, w hile indicating substantiall y iri — reased

gr ipp ing forces and generall y improve d performance over the previous desi gn , st ,l l

produced some “sli ppage ” and minor performance loss related thereto under extreme

flexinr~ and temperature cyc ling conditions. To further increase the clamp ing c, -~c

and rr’- a hrta in maximum uniformity, the number of clamp ing bolts was increased f ror r~

8 to 12, providing a 500/0 increase in clamp ing force.

During development of the new hub confi guration , trace machining techni- Rues

were developed to provide a close matc h between the parabolic inner contour of

the reflecto u - id the m a t ing ‘,~ of bc sub. It was determined by rt ,5 . and e~ c ! j c —

tion that hub contour errors of as little as .0001 to .0002 inches could produce

visibl y observable and measurable performance decreases due to distortion of the

inner portion of the ref l r-c tor by t he hub. Continual tolerance ti ghtening and

evolut ionary improvement of relate d tooling resulted in an improved match and

reflector assem bl y performance , but a better technique to obta in “near perfect ”

contour matching of the two components was desired . Additionall y, it was deter-

mined that it would be hig hl y desirable to provide a substantiall y increased c~ e
1

of friction between the main hub and the hard , smooth face of the reflector t - ’

fu rt her minimize any tendency for the reflector to sli p against the hub when sub-

jected to spread beam mode deflection forces.

A production techni que involving a relativel y simp le lapp ing process was evolved

w hich accomp lis hed both objectives. Exact “contour matc hing ” was ac hieved

together w ith a controlled r-:iuq h s e m r i r f q  of the mating surfaces through a lapp ing

24
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techni que which will be described in more detail later in this report.

3. Development of Improved Test Techniques

One of the goals of the program was to develop improve d test techniques which

woul d enable more precise evaluation and judgment of the qualities of individual

ref lector assemblies during the course of production and for final acceptance . It

was desired to develop test criteria that would have a specific relati onshi p to octuo 1

searc hli ght performance , so t hat a meaning fu l specification could be evolved , w h ch

woul d, inso far as reflector performance was concerned , virtuall y guarantee attain-

ment o~ a ll searchli ght performance spec if ications relat ive to peak bea’-’ r:ori’J le-

power , beam holeing and genera l beam angle requirements.

The relativel y deep, low I number ref lector configuration utilized in the AN,,’VSS - 3

Searchlig ht, althoug h specified to have a focal length of 2. 350”, in fact , combines

a multi plicity of actual focal lengths. Figure 6 illustrates the typ ical variations in

focal lengths which occur.

Since the effective radiation source, or plasma ball , of the xenon short arc lo

is reasonabl y symmetrica l and there fore exhibits the same general , overa ll dH~~~ :0.- 5

when v iewed from differe nt ang les , the actual beam spread varies as a result c r

re flection fi’om different portions of the reflector , due to the vary ing focal enq ’Hs .

Because of this variat ion, an gular deviations , or anomal ies, of the reflector near

the rim, w here focal lengths are longer , produce a different effect on performance

than do similar deviations or anomalies near the center of the reflector.

25
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S milarl y, test results o btained with the currentl y spec ified “sp here of confus on ”

test, in which a . 040” sphere of confusion is specified , are somewhat meoning lf - s:,

since the theory and formulas used to establish test parameters are based on the

focal length as (traditiona ll y)measured , along the axis of the refb’c to~, and do not

take into consideration actual focal distances.

To enable a more specific evaluation of the effect of the variable focal distances

on circle of confusion test results , the reflector surface was a rb i t rar i l y divided ;r::-

three zones. These zones were defined by dividing the total effective radiatic -

angle of the source (as defined by the total solid ang le subtended by tne source

between the rim and hub of the reflector) into three equal segments. A~H ouc: t he

po lar en~ ngy distribution of the xenon short arc lamp is not comp letel y uniforms’ ,
‘ii

this divis ion was arbitraril y chosen as a reasonably effective way of dividing the

total beam energy into three zones , rat her t han by other techni ques such as d iv is ion

o f the reflector surface area , etc. Fi gure 7 illustrates this division of energy and

the resultant projected sections of the reflector which relate to each zone .

A masking techni que was evo lved , whereb y eac h of the zones could be masked

individuall y, or in con junction with other zones, to allow t he characteristics of

eac h individual zone to be independentl y evaluated re lat ive to the sp here of

confusion test. As was expected , angu lar deviations occurring in any of the three

zones produced the same general degree of beam deviation at the aperture of the

integrating sphere, but the accuracy of measurement of the effect of such deviations

or anomalies was progressivel y mas ked as the zonal tests progressed from rim to
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center of the r€”lector due - - the increase in magnification factor of the fe: ’

source , which is not considered at a l l in the existin g test procedures.

The specified tes t  r : r-cc ed- s r e  in defining t he al lowable aperture size throug h

which POdo of the o’: rgy must pass for acceptance , apparent ly assumes t hat the

“ . 040 in. equiva lent sphere of i i t -  y~~~n” is a meaning ful measurement of r Ise

cumulative mu~d- un al lowable gon metr ic  deviations cf the reflector resultin g

from “point source ” ray tracing techni ques. In fact, the tes~ tource is not

infinitel y small , but has measurable d r r er isions (which in themselves ore not

symmet rica l due to t i e  co iled f1L~r :~~~ ,~ character is t ics of the test lamp).

The mathematics involved with determining test aperture size are based on a

magn ification factor which is the ratio of the focal length of the parabolic

collimating mirro r divided by the focal length of the mirro r assembl y being tested.

However , the f ilament dimensions o ’ the test source are also magn ified by this

same ratio. Per the spec ification , t he magnification factor (derived by d ivid ng

the 240 in. focal length -of the parabolic collimating mirro r by the 2.350 in.

focal lengt h of the subject ref lector ) is 102. 13. If the specified factor is used , di”

.040 in. sp he r- : of confusion results in on “equivalent ” aperture -of 4.085 inone~,

through which 90% or more of the energy from the reflector being tested must pao .

The average dimensions of the filament of the test source are .012 in. in diameter x

.030 in. long. W hen - o l t i p l i ed  by t he magnification factor these dimens ions

become 1.226 in. x 3.064 in. respectively, which w hen compared to the t e st

aperture diameter of 4.085 in. va r i - J sl > occupy from 3(~ ’- up to a max imum of

29
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75°,o of t he total cr er ture d iurne~ e m . These are ur l r c - u i  numbers , H-~~ e-i c’r , s ir-ce t - 1a ~

po rt ion of the reflector along t i n  a ir - , which by calculation ~ro d ucc ~ t he rr aqr ’ -

cation factor of 102. 13 does not , in fact , exist. See Fi gurer ~S aria 7).

It becomes obvious then that even with a geometr ical l y per te ct  re f l e c tn- i , mhe s ize

of the re—imaged point source filament , since i t  is not consta nt , -actua ll y a l l - . j - - - : -  tc r

greater angular reflector errors to be rrece t in those portion s o~ the re4ie ctor - -‘h ic h

are “seeing ” the smaller portions of the- fihamc- n t where toe test aperture size is oni~

30% occup ied by the re—i r r rrqed filament , hsa:s for those portions of the i c t i e r ’c s

w hich “see ” t he long dimension of the filament , w hose projected 5c —image occup ies

75% of the test aperture .

This anoma ly of the test proce dure itself can actuall y perm it a sli ghtl y asti gmatic

re flector whose projected flash pattern is not round, but ova l, to test very nearl y

as good as a more accurate , round re flector , if the orientation of the - - - r n — o r - -. - - hca l

filament and the distortion of the reflector are in the proper re lat ion duir ’  to one

another.

The greatest test inaccuracy occu rs , however , not due to the above factors , 0 tt h - - - - -

t he same ratio of source length to width app lies , out to the variety of c c t - o a :  Hcol

distances which occur , and which directl y relate to magnif icat ion of the source size .

If the sphere of confusion test is app lied as presentl y specified , progressivel y org’

re flective errors , frc ’-n center to rim of reflector , con occur wit hout the tc~ t det ectir -i

them. Fi gure 8 i l lustrates , and lists in tabular form , t he actual variations in
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ma gni fic ation of the test source , as reproduced at the p lane of t he test aperture , for

t he various focal lengths actuall y occur ring at t he beg inning and end of each of the

three zones.

If the actual size of the test source is not taken into account , and the source is

considered to be infinitel y smal l , then the entire aperture diameter of 4.085 in.

would represent the total allowable excursion of rays due to mirro r errors, or

inaccuracies. If this were the case, the total allowable angular beam deviation

would be approximate l y 30 minutes (total included beam ang le of 1°) and would

be representative of reflector surface accuracy permitting errors , or deviations

from a true parabola , up to ~ 15 minutes of ang le (slope error). Since the specifi-

cation for searchli ght operation in the compact mode requires that 90% of the peak

beam energy be contained within a total beam spread of 10, ± 1/40, and since the 
-j

minimum beam ang le subtended by t he 1 kilowatt xenon source (assuming perfect

re flector geometry) is approximatel y 3, 4° minimum, (wit h the majori ty of the beam

subtending a larger angle , see Figure 6), it becomes apparent that t he test source

size must be taken into account , and that reflector slope errors of 15 minutes

(1/4°) cannot be tolerated .

Figure 8 also li’~ts the ref lector angular errors which , w hen combined with the

magn ified source size resulting from the various focal lengths listed , coul d result

from the use of a test aperture of 4. 085 in. diameter. It car s be seen that , for

t hese conditions , allowa ble reflector errors run from 3—3/4 minutes to 13—1 , 4

minutes of angular slope error.
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Previous searchli ght performance tests , uti lizing reflectors of a variety of angular

accuracies , have indicated that adequate peak beam candlepower readings are

dif f icult  to achieve , and a severe tendency for beam holeing exists , w hen the

angu lar error of the ref lector surface exceeds approximatel y ~ 5 minutes of arc

slope deviation. This fi gure is excee ded, -,‘~hen uti lizing the .040 in. sp here of

confusion equivalent test aperture for al l focal lengths existent within the active

re flector surface. For these reasons , it was determined that the test aperture size

must he reduced.

A series of test apertures were produced having a variet y of aperture diameters which

represente d the short , average , and long focal lengths for each zone chosen.

Util izing reflectors of known performance irs a searchli ght , comparat ive point

source “sp here of confusion ” test results were obtained with the various diameter

apertures com bined with zonal masking of the reflector , matc hing the zone being

teste d to the proper aperture size (as derived from the magnif icat ion factor resulting

from the actual focal length involved for that zone).

The results of these tes t s indicated that a specif ic qual ity, or accuracy, of ref lecto r

could d e f i r i t ,~l ,  be identified throug h app l icat ion of these rest techni ques.

Reflectors so chosen did , in fact, exhibit substantial l y hi gher peak beam candle—

power and less beam holeing than reflectors chosen onl y by t he presentl y specifie d

test proce dures , ut il izing the sing le 4. 085 in. diameter aperture .

One serious disadvantage ev isted , however, relat ive to the use of the multi ple

aperture plates and re fle rtn r r ssar L  ni; techniques. The time required for acqui sition
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and recording of valid test data , for ‘ t s  in—process testing and final acceptance

testing, increase d by many or ders r~ i r-agn itude. It was decided that a simp ler test

techn ique which would retain the advantages of the multi p le aperture and mask

test procedures was required.

Throug h emp irical compariso n of per formance readings obtained using the multi ple

aperture/zonal masking techni que with readings obtained with various aperture

sizes , but w ithout reflector masking, it was determined that eflectors of approxi-

matel y comparable quality and per formance could be detected and chosen uti l izing

onl y tv,o aperture sizes, and without the requirement for zonal masking.

Due to the non—symmetr i ca l  nature of the point source filament , absolute definition

of ‘ a l lowable reflector slope erro r” is diff icult. However , it was determined that a

test aperture of 2.010 in. diameter , (equivalent to a .5 mill imeter sphere of con-

fusion , sl ightl y smaller t han 1/2 of the present specification ), wit h an acceptance

requ irement of a minimum of 9O% of total energy, provided a meaning ful criteria

for the selection of reflectors which would meet or exceed all searchli ght performance

requirements. Additionall y, a second, and smal ler , test aperture hav ing a diameter

of 1.407 in., (equiva lent to a .35 mi ll imeter sp here of confusion ), wit h an accept-

ance cr iteria of 80% minimum , provi ded an overall angular tolerance contro l which

would further limit reflector angular deviations and serv e as an “above average

quality ” indicator.

The use of this smaller test riper t urn appear - t i  further insure ~hat ref lector angular

dcv iat i nn~ rem ain sri a H , n i n q i  t i , - i t  ,
~- f , --  iIu~- Ic ‘ea rs holeinq in the spread beam
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m o de is l imited to wel l  below 5~o . Irs fac t , re f lectors which succe ssfull y passed

t h e  t - .uo aperture tests descri bed above , vilren tested in a searchli ght , exhibited

virtua ll y no measura ble beam holeing, and provided average peak beam candle-

powe r readings of over 110 million.

Other tests were also considered arid evaluated , suc h as an integrated performance

test based on a combination of total energy returned throu r an aperture of a

given diameter related to total luminance of the test scarce. Such a test could

effect ivel y integrate reflector angular accurac y v,’ ith ref lect iv i t y  values. However ,

due to the comp lex ity of calibration requirements , requirement for compensa~~ng

for ref lect ivi ty values of the collimating mirro r, etc. , coup led wi th  the fact that the

prev iousl y described tests appeared capable of selecti ng reflectors which would

substantiall y out per fo rm the searchl ig ht spec ifications , further act iv i t ies related

to t he develop m ent of other more comp lex tests were discontinued.

4. Development of the Re—des i gned Reflecto r Assembl y

As noted in the Eng ineer ing and Desi gn discussion of th is section , t he chosen

Confi guration 2 re-design was progressivel y “de-hugged” and finalized . The

usua l tooling, techni que, vendor education and inspection criteria problems

occurre d and were resolved as each problem was identified .

Initial d i f f icu l t ies i s  hub fabrication were associated with obtaining the required

— near per fect contour match to the rep l ica ref lectors whi ch were produced from the

new para bolic electroform ing tooling. Initial a se -n s pt s to produce the niatching

huh contour utilizing a temp late m a de by tape contr r dled milling t rcs i ru i fl ues
35 
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resu lted in a “mismatch ’1 w hich was severe enough to produce extensive distortion

o f the center of the reflector. Eventuall y, a tracer temp late fabrication techni que

was evo lved through rep lication of the rep lica reflector itself. Even with this more

precise approac h, certain pro blems remained.

It was determined that normal “chucking ” tec hniques emp loyed to gri p t he steel

tubing during machining of the hub imparted enoug h distortion that , when the

hub was released from the chuck , excessive run out resulte d. A series of special

holding tools were evolved to insure concentr icity, perpendicularity and flatness ,

as required, in the end product hub.

Searchlig ht inter face testing performed at Varo , Incorporated brought to light a

problem of toleroncing and quality contro l associated with the inside diameter of

the hub (Drawing reference dimension A), the flatness and perpendicularity of the

attac hment face , (reference plane B), and a requirement for contro l of radius at

the interface corner between the two , both on the hub and on the searchlight

frame itself.

Before these areas were modified and toleranced , on both hub and searchli ght,

re flector deformation upon assembl y to the searchli ght , ev idenced by oval i ty of

the pro jected beam and severe loss of per formance , was found to be quite sever o .

The problem was traced to inaccuracies in machining and/or final dimension and

tolerance , ex istent in both the reflector hub and the searchli ght frame . Of prime

concern , was a tendency of the searchlig ht frame to become somewhat oval after

m i lling of the side slot required for infrared filter activation. This problem was
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solved by a c hange in machining techniques and ji gg ing by t he searchli ght prime

contractor. Concurrentl y, P11 undertook a re—tolerancing and modification of tooling

and machining techni ques to assure adherence to the new requirements for the hub.

Precise inspection tools wer- also procured to insure that the new ly added tolerances

r n  held.

As previousl y mentioned , althoug h the ei ght (8)-bolt version of Confi guration 2

provi ded substantiall y better support and increased reflector gri pp ing re lative to

t he original desi gn , some sl ippage, and resultant residual deformation , was experi-

enced by both P11 and the prime searchli ght contractor after the units were sub-

jected to multi ple flexing cycles at operational temperatures. The change to a

12-bolt confi guration , however, accompanie d by a hub/reflector lapping tec hnique

to iniprove t he fit and increase coefficient of friction at the huh/reflector interface

tota ll y e liminated s~~
-
~ fur t her “sli pp ing” or re flector movement problems.

During the development and finalization of the new hub/retainer confi guration ,

certain mirro r assem blies , w hen tested on the optical range, evidenced two related

defects. One problem was observed as a sl i ghtl y oval , or out-o f-round Hash pattern ,

and the second as a localized distortion at the I. D. of the reflector at twelve distinct

points adjacent to the clamp ing screws. In earlier versions , t he oval flash pattern

had been traceable directl y to an out—o f—round hub condition which had resu lted

from the def lect ive forces of lathe chucking, prior to the development of the new

holding tools. In later instances , however , care ful measurement of the hub indicated

no such gross mac hining defect , yet perio dicall y, sli ghtl y ov s~l flash patterns were

detected . 37
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The problem was eventaull y iso lated as relating to the m ethod of ti ghtening and

torquing of the reflect or clamp ing bolt s. A bolt tightening sequence , and torqu ing

procedure, was experimental l y developed which , when combined with the final

C O I S t L , lapp ing, el iminated Pie problem , and neither of the above mentioned

hub related defects recurred.

It was found to be important , however, to insure that the hub was held in an

undistorted manner during the lapp ing of the hub to the reflector , and during

subsequent assembl y of the hub, re flector and retainer. Since the reflector is

basica ll y a flexible ele m ent , i’ is extreme l y important that it be held in a normal ,

nondistorted condition during the lapp ing operation and, conversel y, t hat during

assem bl y, the hub, whic h wi l l  become the final govern ing element , be maintained

in an undistorted condition. Special assembl y tooling is shown in Fi gure 9. The

assembl y too l k constructed in such a manner that the pressure plate and hub seat

dup licate the dimension ing and tolerances of the point of attachment to the search-

li ght. When the hub is p laced on the hub seat and the pressure plate and retaining

nut added and ti ghtened , flatness of the hub mounting surface (reference plane B)

is assured . As a periodic check of the accuracy of the hub/ reflector lapp ing pro-

cedure, a bluei ng technique is utilized to assess the degree of fit between the hub

and the reflector in the normal , unstressed condit ion. If a 1 00% contact is eviie nt ,

it can be assumed that the lapp ing procedures were satisfactory .

After carefu l inspect ion to insure that all potential burrs , which niay be residua l

from the drill ing or elox hole cuttinq processes , and o ’ ,ser pcssi ble forei gn materia ls
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have been removed , t he reflector is posit ioned on the hub, t he retainer is added

and the bolt ti ghtening procedure accomp lished .

F inal qual i f icat ion tests included the new sta t ic  grid and c i rc le  of confus ion tests ,

followed by 100% over—flexing in the modified searchli ght/test fixture as wel l  as

mu lti ple f lexings in the searchli ght at operational temperatures. Figure 10 shows

t Ire var / ing degrees of deflection which the re—desi gned units were subjected to ,

the m inimal residual deflection and the vi r tual l y nonexistent performance degradation

t hat resulted .

In order to provide the most severe test conditions possible in the searchli ght , the

mirro r deflection linkage was adjusted to its max mum, or unt il it  just contacted the

re flector when in the compact mode. Then , upon actuation , t he reflector was

su bjected to the full travel , or stroke , o f the actuating cam. As previousl y note d,

t his represented a travel of between .260 and .270 inche;, su bstantiall y snore t han

that required to produce the specified beam ang le for the spread beam mode.

To assure that no bending or movement relative to the hub was occurring, eac h mirror

was reteste d pr ior to installation in the GFE Searchli ght. The searchli ght was then

turned on , adj usted to its rated power and allowe d to operate for approximatel y 4

two hours , or unti l a reflector/hub temperature of at least 2000 F. was attained .

The reflector heating cycle is shown in Figure 11 .  Temperatures we t e  measured

by means of a f l i c i  r I l o c r s s p l e  attac hed at the rear of the reflector under one of the

ref lector clamp ing screw h eads. Af ter  the reflector had attained a temperature of

over 2000 1. , i~ was subjected Li 50 ismn l ’ I e t c  cyc les ‘e twet ’ rr compact and spread

40
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beam mode.

At the corirp let ion of t h e  n~ er a t ional tests , tI re peak beam candlepower of the search-

light was again measured a r-rd ~c , ’~iname d tc r the values obtained prior to operationa l

f lexing. Subsequentl y, t h e  ref lector assembl y was remove d from the search l rg ht

and subjected to grid and ci rc le - -if con fusion tests. When no measu rable degradotron

was observed , eit her in searchli ght operat ion or in individual reflector assembl y

tests , t he reflector assembl y was consi dered to be stable and sat isfactory .

5. Finalization of Desi gn, Drawings and Speci fications

During the course of the program , as eac h corrective measure was investi gate d and

imp lemented, correspon ding desi gn , drawing and specif ication changes were made

and docu m ented to reflect the current status , as it ex isted .

Upon comp letion of all test and evaluation phases, and after thorough evaluation of

all inputs mode by both the COTR and Varo , Incorporated , (who had been conducting

s mnultaneous evaluation in the course of their searchli ght production), the new

re f lector assembl y desi gn was frozen.

A revised set r’f drawings was prepared to dep ict the reflector assem bly arid it~

components per t he requirements of Exhibit A of the contract , No. A00 1, CLIN ~~~~

It was desired by the COTR , hot t he new drawing package be t - t o b l y inc lusive , i.e.:

in addition to comp lete descr i ption o f all components , dimensions and t e f e r u nces , tI - rat

it contain all necessary spec if icat ions for materials , f inis hes etc. so a separate

spec ification would not he required . Additional l y, ii wa s cle~, i s t t l  that the nev~ Lest
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and acceptance specifications be included in the drawing na~ !.~age , ra t - t i t h u - i  in

o separate set o f specif ications w hich require reference to a nurnii€ r of di r ter ~ -~t

documents to determ si ine overall ~ruce du r ns and occep ta nce test requ re rrs ent s .

Pit has fol lowed t h 5  desired approach i~ assemblying all o f the dra~ rr~ s , spec i f ic a—

t ions and related test arid accep tance proce dures in a sing le package. Because of

t he loss of leg ibil ity occasioned by t he reduction of D—s1~ 1- d rew ings to report-size

dimensions , t he drawing package has not been red uced in size for ;- r ~c u p - c r u t on in

the body of the report , but is presr~ ted separatel y. To faci l i tate co mparison to the

new specif ications and procedures relating to op t ica l te~ ny ar lu F~~ i u i t -C  uc i~t-psa ncc

cr iter ia , a comp ilation of t t - e  ert inent port ions of each cited s poc i i ic u t ion  or do cu—

ment relating to optical testing proce dur-es and acceptance c r i t e r i a , per the existing

drawings and specif icat ion s , is presen ted in A ppendix C, toget her with related

comments.

As prev iousl y noted, it is intended that these resultant drawings , speci ficati on- s and

proce dures wi l l  prov ide a sound basis for t he deve lopme nt of a new government

drawing package and procurement specif ication t- 1k ich v ,ill result in substantiall y

improved reflector quality.

6. Production and Test — 6 Deliverable Re f lec t - -ir Assemblies

Prior to initiat ion of this program , P11 had produced new master e m t i c a l  too ling ~or

the rep l ication by elect inform ing of reflectors hav ing a size and geometry c c - i i f o r r r i ing

to t he requirements of the SC—D— 64701 0 reflector assemb l y. This new I I O S t C I  opt ical
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too ling had been produced w i tL  the ob jec t ive  of achieving an accu r a cy  of parabolic

contour and sur face f iii sh two to F icree t irnes better than i at wh ich  had prey ic- - us y

been available. Ootical tests confirmed th0t the new tooling -~-‘as , in fact , ca pable

o f achieving these desired goals of increased accuracy.

Upon complet ion of the evolutionary design and development- of the re -desi gned

reflector assem bly as previous ly described , six comp lete reflector assemblies ,- --e re

prod-iced , as require d by CLIN 0002, w hich embodied all -~‘pec ts  o f the new desi gn

and fabricatior r tec l- iniques.

These six reflector asse m blies , identified w i t h  P 11 serial num bers 37— 14 , 37—29 ,

37—72 , 37—77, 37—78 , and 37—79 , were sub jected to the following tests.

1. Projected grid tests , with photograp hs.
p 

2. Revised sp here of confusion tests 1

3. Deflection tes ts , c-ut o f searchli ght , in .050 in. increments up to .500 in. total

deflection (actuator travel).

4. Deflection whi le operating in searc hli ght -at 200° F. or above , 50 comp lete cycles

(compact mode to spread n-erie to compact mode).

5. Repeat of grid and sphere of confusion tests.

6. Focal po int incation , per the new specification.

The performance of all six reflector assemb Ues as related to the degradation , or

rather , lac k of degradation , when su bjected to the progressivc - def lect ion tests , was

quite similar. As an examp le , Fi gure 12 presents , in tabular form , deflect ion and

per formance data for reHector assembl y number 37—77 .
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The di m ensions l is ted for “ rT-o ’CIIl IJ nI bottorri J,-rh - cii on ’’ re la t e  t o  the ac tual u’- c-un t

of movement , m easure d in inches , of t he bottom r i - n  of t i l l  reflector a ck i mu - cU on

norma l to the ref le ctor S li t  lu - 
resu l t ing f ’01r the - t € J  nush rod, or ~c Hection

mec hanic,mrI trave l. The . 1 I e Lno r i c ~ini3 (but up icos it e  d i rect ion ) d e f l - c - ;t i c n  ~ F the

ri ght and left—hand sides of the i c i  a c —c - noted , as is r’e n- :i ib :o I bottom

def leo~~on w hich remained after removal -~~ ~he ~e f l ec r  on ~e cO te r  eac h progi s i- c e

.050 in. deflection movement. Percen t tr ansmnPsic n or ere of co nfu sion ”

performance test resu l ts are also s hown for ~~ € . 35 and .5 ni Ii C~ € iI equ ioo !e- - t

aperture plates. These l€-s ~s we r~ pe ifo a~t~’r t he - rn-o r - - .ssi v e do’ I~~c t ~on - -

but prior to searchli ght operational tests.

It should be noted that the residual bottom de~ in -c- ic-on resul ~ing after ‘ norma l

max imum ” deflection of .200 in. of push rod travel was onl y ap1:- roniir ut c l y .00-~1

inches, and did not result in an>’ rnea nir -ic~ft- I reduction in reflector performance.

Even after severe overdeflection of .500 in. of push rod travel , t he res idua 1 -o tfo ni

deflection am ounted to onl y approx imatel y .008 inches and with a performance

drop of 0. 5 percent.

Ref lector nu k~r 37—77 was of exceptional y high ~c- t 0j  ~~- -- -~~~~. With  a re~ c - n t .  I

of this quality, t he beam or l oge at the integratinig sphere upcrture has been noted

to he substantiall y sma ller than t i IC actual )f ) I  I t r e  di m ension. For this Icason ,

miner beani disp lacements caused by t he .004 to .0O~- mi .  r r s i h ua l  bottom de fb  t i C I l

remain w~t l r i n  the overall aperture dimension , and l i t t le c-n no e~ Io rn1aI1ce loss is

measured. W it h re f le c t c - i  whose initial peiIorrnuncr is not p ito so qood, and 
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w hose re—in maged e n e r g y  j- ~ t fa l ls w i th in  the aperture dim e-rcck - r - , a s i c - i  lar resi d ual

- - bottom deflect ion has l et-n ob se rved to result in a greate r n eo ece d less c - f  pen iorn oucc- ,

as muc h as two or three percent . This can be exp lained by d t -  fact  t ham , when the

energy bundle ju st f - i l ls  within the aperture dimension prior to def lect ion , the

slig ht disp lacemnent of the re—imaged beam , resultina from t ine residual h Hect ic-n ,

I causes a portion of the beam to fall outside of f l - u  aperture dimension , result ing in

a measura ble performance drop.

I Figure No. 13 l is t s  the percent trans mission , or “s f c - i c t :  of confusion c - er ic -  - c - c - I c e”

for both aperture plate sizes (.5 mill imeter ‘i - i  . 35 mi i i  rnl- .t t- r), c~ d fcc - cnI r-o i~~

- 
location for each of the six deliverable re~Iecfor asse mblies after comp letion of all

tests listed above.

Verif icat ion of all test results and final inspection of other aspec ts of the re f lector

assemblies in ac cor danc e w t t h  P11 Drawing No. 876—00 1 w a s  made at the P11 a c m l ity

- in Pasadena by the COTR. One unit , serial number 37—77 was shi pped in pic r c

and retained at Pit for further testi ng in the GFE Searchlig ht Assembl y. The other

- five reflector assenihUes were shipriecl direct l y t~~ Ft. Be$c -oir  per Section H—2 , cu b—

- 
paragrap h B ~f the t - f f rL c-_ cd contract immediatel y after comp letio n 0f tesF I a

- 
acceptance at P 11.

After comp let ion of subsequent searchli ght tests , ,cf leUor ac-emI l y ceria l number

37—77 was shi pped to Ft. Belvoir , Virc ; ia , together wi th all gov t - n i (nt  - J r  n~

equiprncr t (searchlight , controls , ca bles and related items) v i~~ch had heen

furnished to Pit ar ow - dur ng perfor- Iliac-c of c e n t s  cc- t .
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PEP FOR/c -~cc ~CE PE P FO h~ s
/\ oIC E

PEr LECTO P ASSEMBLY *FOCAL POINT (1 .5 mm SPHERE - .35 c n n  SPHE ? E
3 E : f -  - L NUMBER LOCATIO N or cc; JPUSIO -J OF COInJ7USION

_____- 
(in.)

37— 14 1.75 1 913.5 92.0

37-29 1.750 97.5 ~l .75

37-72 1.752 98.2 92.2

*37 77 1.747 9 7 9  9 1 . 2

37-78 L 749 9S.U

37-79 1.743 97.0 59.0

* Unit re tained at P11 for furthe sea rchli ght testing . Shi pped to Night V ision
Laboratory w t h  return of al l  other G. F . E.

,\~eas ured dimension from “best focus ” to point of attacH c It  ‘ o seci  Nil 0 l it

assem bl y. Specified nomina l di m ension is: I. 750 inc- Pt’ - -

FIGURE 13 FINAL TEST ESULTS OR 6 DELIVE RABLE PEF LECTOR 55 ~EMBLlES
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7. Possible New Re lector Performance Criteria

During the course of qualif ication and production tests of t H€ AN /VSS—3 Search b g i t

Assembl y at Varo , Incorporated , sea rc l n l i ght performance degradation wa- 1 e c p e ’ e~ ced

wh ich ‘.vas trace d to a deformation , or f lattening, of the bottom portion c~ a ne~--

re flector assembl y.

The ref lector assemblies which were being incorporate d in production searchli ghts

at Varo , were similar in all respec t s to t he improved ref lector assemblies as developed

during the course of t I l l s  piog nam. During t I t -  extensive develop me- ol testing at

P11 , o r te r  the ref lector “sli pp ing ” pro blems were resolved , no resi dual re ec to s

deformation was observed as a result - o f any of the tests described.

The reflector assembl y in question, and all c- f lier similar reflector assembl~es of t he

new desi gn con figuration , had been producing peak beam candlepower readings

well in excess of 100 million PBC P with near “:ero ” beam holeing when c r i j e c - t e d

to norma l operational tests by Varo . However , it was learned , a new t e s t  condition

had been app lied, apparentl y for the first t ime.

During the course of this new ly developed qualification test , the re~I e c k -  n usserelaf y

was left in its flexed , or spread beam configuration , condition l e t  a prul- -nir i t - d perio d

of time at elevated temperatures. Normall y, because c-f sys te ’ - desi gn and Seq ue ’ rc ing ,

t he reflector mechanism returns the reflector to the unflexed , compact beam Ins -Jo .

After be ing subjected to this new tee condition, t he ref lector usc - Pl y v— os r e — t e s t , - d

and found to have suffered severe performance degradatio n relat ive to peak beam

candlepower. The visual flush pattern , as observed on a target , had also degraded
50 
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f rom a t ight round pattern to one having an obvious l y flat bottom.

It was first thought that this ref lector assembl y, w hich had apparentl y ta ken a

“permanent set ” must have been subje ct ed - , acc i dentalf >, to son rie extreme env i ron—

• mental condition such as over—temperature , shock , c r  an unknown con ibinint ic-n c- i

conditions which had produced the degraded condition.

TI-re deformed mirror was returned to Pit where the degradatic in was ir Il ed iatel y

confi rmed by app licat ion of pro jecte d grid and sp here of confusion tests. A photo-

grap h of the projected grid test of th is reflector (serial number 37—49) as returned

from Varo , is shown in Figure 14 a, w h c h clearl y shows the severe deformation which

ex isted . Repeated tests at Varo with other new reflector assemblies produced similar

results.

Comparable test conditions were simulated at P11 by operat irrg the searchli ght in the

nfrared mode while partiall y restricting t he air to the heat exchange system , causing

the reflector temperatu re (which was monitored by a t hermocoup le as previousl y rioted)

to rise to approx imatel y 210 to 215° F. The reflector assembl y was t hen actuated to

the spread beam, or deflected , con fi guration and allowed to m e r ri a m in the deflected

mode for progressive periods of time. After each approximate hall—ho ur inr crcn nent ,

the searchli ght was returned to the compact mode and t i-re appearance of t he projected

beam observed on the tar ge t .  During approximatel y t he first hour of operat ic-ni no

v isual deformation was observed . At approxi m atel y one—a nd —one — half hours , however ,

a sl ight f lat teni rig of thc- i r i u j e  at the bottom was noticed . A; the end of two—arid —

a— half hours a def in i te  flcr f had developed at the i t t  r -  of t i~c sm -a m , a a f te r  { i \ - n-
51
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hours of operation in the flexed condition the flattening and distort ion was clearl y

ev ident.

The projected grid photograp h, Fi gure 14 b, s hows reflector num~mber 37—99 after

undergoing a deflection duration of two—and—one—half hours. Flattening at the

bottom of the picture is that which was induced by t he prolonged high temperature

deflection at P11. The flattening at the top of the picture is that which was pre-

v iousl y induced by operat ion under the test conditions imposed at Varo , Inc. It

can be seen that the type and extent of degradation is nearl y ident ical.

Carefu l examination of the deformed reflectors confirmed that , unl ike all prev iousl y

experienced deformations in which reflector movement relative to the adaptor/

reta iner components had been the prime cause for degradation, these reflectors had

not sl ipped, or moved within the hub in any way, but had, in fact , ta ken a perm anent

set or bend in the area of the mechanical deflector.

It was also noted that , w ith the passage of time , the deformation tended to lessen a r d ,

after a few days, had almost entire ly disappeared .

Additional reflector assemblies were tested , bot h at V aro , Incorporated , and at P11

under these newl y developed environmental conditions of elevated temperature and

prolonged deformat ion, and in each case the reflectors retained a certain degree of

“permanent set. ”

In an effort to determine if the characteristics of the electroformed nickel had

changed, a number of SC— D—6470 10 reflector assemblies that had been produced
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mare than two years previousl y -.- e me re—teste d under the new conditions. TI - re

“old sty le ” ref lectors exhibited exactl y t he same characterist ics , ta king or -i a

pronounce d defo rmatio n in the area where the deflective forces were app lied.

Figures 14 c and d :Iiow a projected grid test of one of the old sty le re flector

assem blies , number 43—165 , both before and after the high temperature — prolonged

deflection tests.

These tests indicated conclusivel y t hat the characteristics of the electro formed nickel

util ized in the formation of the reflectors had not chanced during the current pro-

duc t ion run , and that the earlier prodirction reflectors app€arod just as susceptible

to t his type of deforma”on as t i-re more recent versions.

A number of reflector assemblies of both “old sty le ” pr ior production and current

vers ions were subjected to prolonged per iods (overni ght in some cases) of spread

beam mode deflection but at ambient temperature , nominall y 72 to 75° F. Onl y

sl ight residual deformation and loss of per formance was experienced under these

cond itions.

Although 210 to 220° F. would not normall y be considered a “high temperature ”

cond ition, it became apparent that prolonged defo rmation at these temper atares did

produce severe residual deformation of the reflector itself.

Preliminary discussions with metallurg ists and representatives of International Nickel

Corporation indicate that the problem may be due to ti- re “col d creep ” c haracteristics

o f certain metals. It has long been known that certain types c f  stainless steel , arid

54
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many “pure meta ls ” are subject to “col d c reep ” deformation in that they wi l l  exhibit

changed dinienisional character ist ics .vhen subjec ted to deforming forces for pro longed

periods of time. Additionall y, elevated temperatures , even thoug h not necessar il y

extreme , tend to speed up this deformation tendency.

It has been suggested that fabrication of the electroformed reflectors uti l izing a

nickel/cobalt alloy may provide the necessary changes or restructuring of the grain

condition of the electrodepos ited metal in such a way that this “pure metal co ld creep ”

tendency w ill be minimized or eliminated .

It appears t hat the potential for defo rmation under these conditions has apparentl y

always existe d in the I KW electroformed reflectors. Due to previous test and

evaluation procedures, however, it appears t hat the combination of conditions which

cause permanent deflection had either not previousl y been encountered , or t he

tendency for such deformation had been masked by the more pronounced, and

readily detecta ble “sli ppage” of the reflector within the adaptor/retainer.

Considerabl y more evaluation, of both a theoretical and emp irical nature , ssi l l  be

required before the exact cause of this deformation can be totall y identified . At

that t ime it may be possible, through var iations in electro forming technology or

mater ial~~to produce a reflector having all the advantages of the currentl y developed

units but which wi l l  overcome this recentl y exper ienced roblem.
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Evaluation and anal ys is of all ac t iv i t ies  undontu e s  and data or infomn ationi dev -c - lop cd

durinn the coot -se of the pro c I a r i leads to a numbe r of conclusions . T ’ e c-asIc ~~ , ,

in some ins~onices , form differen t op inions or reach other or - 0cc- if ied conclus ions

based on his own interpretation of the i!lfommation prese nce - cv i I - - -e , t e conclusio ns

presented herein ore considere h basic , and the log ical res mJ~ ~1 t 1 m overall of ~o t

I. Present Desi gn — SC—D--5470l0  J ef lec to m As se is is l y

The te smin g progra m undertaken conclusivel y veri f ied the - e I i~ ’ c t ’ --: 1,5 10 -  i l t ~ t -m c -

present ly specified ref lector assembl y under certain def lect ion -oc e c - or -c  it ionis .

~ef lector “s lippage ” wit hin the adaptor retainer components was pr oven i imc-yorid a

doubt. Ana lysis of materia l properties amid therma l expc —s ion c t o 1 i l ’ ic c~

var ious components indicated that the overal l clesi rn PiCO I  pu -e -  a ‘nun ber - P

undesiia ble conditions . A re—desi gn was toto ll, just i f i en

2. Re- Desi gned Ref lector Assembl y

The re—designe d reflector assembl y evo lved From a c or- - i o n  i c - - 0l t~ me ~~ c — t i L  -

intuitive , arid em pirical activit ies which , o ffer tr - as eu- ‘~ le —bu - - - i s , ” - pp~ - mmc - i to

provide effective answers to virtua ll y all previous proh le rss - Tin e - icc.  desi gn

incorporated a cubstantia l l y stronger basic hub cnsse -l Iy wi t i r  nip ovcJ  ith- luc ,

dimensions and to lerances as related to point of ut tuN- r  , -1 ~ t to the ~~~~~ i - n I t  usse t i s I c

The new hub/reta iner confi gurat ion also provided a substant ial l y mote Hid- si—se
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w i t i -  i t - f l ’  c - t o n  c lan up ing fo rc e s  ~ub s tcn -s t ic j  l y inc ie- cn s c- d to e l i r  iniote ti - re previousl y

o - s & ’ r v e c l  sl ipp ing ur,dei a l l  f t - s t  amP on opt-r at ional  c -os id i t io ns.

iooli and f a r  i co t  ion fm -c ls r r i n u r - s ( - vo lv - d -ch n i ch , to e ther  v ; i t l , r5e i s - - proved raster

opt ical  toolini , provided ‘ - - u m Ledl y increased ref lector cis se ’ - - hl y accura c y and

perfor- -ance . The rev ‘ i a t e m ia l  combinations should substantial l y increase sto Ic - H i t ,

re la t i ve  to s i f io re mices in t i ierr ci i expansion c c s e - c t e m i s t i c s .

Incorporation in search l i j l - t  production sc - I ref lector asseri nhl ies v-/ i c - con forn’ to t - ~

new desi 3n and fa bricatio n concepts has conc lusive li  -.-e r i i ied t hat nmarked - c r e a s e s

in peak beam candlepower amid beans un ifo rn i it ~ t r n i- i im iz cm t ion or elimination s of

previous ly experienced beam moleing in the spread beam modc- ) as , in fact , hoc- n

a direct result of the re —desi gn.

3. Improved Opt ica l lests

Detailed and conclusive imiformat ion has been na m ed throug h applicat ion of c - o s -a l

test tec hniques wh ich conc lusive ly indicates that the prior performa nce specificatio n

and test techn iques were inadequate to guarantee select ion of s ip performance

ref lectors . Additionall y, shortcomings of the presentl y specif ied optica l t e s t i s ~

procedures , part icular l y as relate d to the test illumination oj nce itself , becam e

obvious and cl- ranges or corrective measu res were investi~ nted and evaluated.

It was conc lusivel y demonstrated that a relat ivel y simp lo and inexpcnsic- -c ’ test ing

techn ique , if properl y coup led v ith a tiqhtenied specif icat ion for optical perfornmance ,

can provide an ef fect i v e means for t i e  selection of hii i qualit y re f l ectors on
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an i ’s— process basis and fat fi,ia l acceptance . Such i- pso ~ e d c - f i r  c tors -.- . ill , c- hen

properl y i n s t cs l l e c  i s  a seanc iie Ht as sen rib l y in a c a r  c-~ ut ion c.~ t J ot t - u cos fo s in _

comp onen its , irtual I y uan an t ’ -e atta S i c - t - - , t  of a l l  sco rch1 ig i t o pt ic c i  and ‘or

penfa S cs s ice spec if icat ions.

4. Unresolved In t e l - i l  it y

Ti - re ecentl y detected residual deformation assoc iated w i’h  p-d ons-c - c- ~ ei inds ~f

s pre - ud beaus mode ope ration at elevated ~e s : pe ’ nat ure s is ap lx rnent  y c ne.~ , pn e- ~icus y

undetected problem. No imssm ediate or readil y a ppanent a n s w e r  x is t s  r e g a r d i n .  i ther

t i e  exact cause for , or so lution to the problen - - Poss ibl y, insu fF ic ie nt  mesti nncs and

eva luation was undertaken or accor rip lished when ochievem -s ent of sc-cs ’ c- pn-ead t i s i c - u c I s

reflector deformation was init iaU y sus-. ies te , or dur i ng the ensuino years of production

and production testing by t he- various c o n t , a c to t  who produced the A n’4 V h S -  ~

Sea rchli ght Assembl y.
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It is I t - C O  c is ;endec- i n ra t  l I t -  fo l l~~ i n -  act ions hc- take r:

I - : ) I O V / i V 1S and S pec i f i c o t i - : ns

The mevis ed mef l ector  assem bl >- drawin gs and svc i f cat io nt s s I:ouH he i - c a r  pa n - c - i t - P  n i t s )

a new C overnment dra w ing package and p r o c u r ’ - - - e : n f  s p€ - c i F ic  ‘t io~ so ~Isat future

procLmreme rts may c - em - ref i t  from the improved erformance. ‘ i n  p ified s~a c l  i-V

assem ssh l y a rid a I i cj n r se n t  ~ho~ id resu l t  ft on. tHe 1 er  qua I i t - ,- i m :f l ec fou a-sc - c - i  -

2. Evaluation of ~ema inini g Insta bi l i t y

T ie uece -st .y  detected residual deformation , ~-.- b1c1 resu lts Fronr sustained exposure

of t se reflector assembl y to e levated temperat ure whi le in the spread c-earn con h io ur ot ic ’ n ,

sI- mou ld be fum t her eva luated. A c - a i d - c t - - 0f nn odj f ic cj t ions to the basic nicke l

e lectroforming technology ate possible which may provide substantial in pr ac it in

sta bi l it ;— and resistance to time observed deformat ion . Physica l pnopr- t i s , gra i-

structure and other pa rameters can be rrtod H me d - Add i t ives and a oy i nmn -ut - h as t

suggeste d mi ick ei - co balt combination) can he inves t i-sa ~eci - A I t~ ossg is so “p u c r r ’ n n t c - -~s ’

can - ne mode , in a l l  l ikel ihood the pu - obler - - can Lie e i n s t in ra t es 1 Ot c-~ east m u m  ir - i:ed

by suc h an inve s ti- c -cmt inn -
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A~~ f ;  DIX A
P11 Pm u c - -c - ur c No 236
Pvc-po red ~: B. ~o k a
A’ - 1 -roved P y : -

Dote : 
~~~ecember 3, 1968

Rev. N - . A Dc-c -ac - : V 2- 7P
P c - c - - - -  af

PROCEDURE FOR SPHERE OF CONFUS ICI- -J TE ST
(INn EG: -~AT lI - -i G S PHE/ E)

1.0 DESCRIPTION

Th is test is fundamentall y a magnifin-d re—irr age t i  ~t w f l an - - - c - d ing dcv c - c .

The purpose of ti - re m e — i s - - a g e  tc -s: is to a- ’ u s c - r e  ~I1C s)~~~~~C. ~ c C m t c - O S  IC ~J c C u ,Oc y

of t he re f lec tor  being tested . f - c - -  tes t  is i c- ca mp 1 ished by p 1 - .rc irmg a = 
l it

source at the focal point ot the r :r i rro r to be tested ar id project ing on essent ia l1 y

col l imated beam onto a long foco i  length pa rabolic mirro r of astro nsornicol

accurac y. The -ears , is adjus ted to ne - f o c u s  at the Focal point of the n rec is io n

coll imator mirror. Geonsetric errors in the test specimen are magnif ied ky

ti me rat io of the focal length of the precision coIl i n ; r a fom mirro r to thc- focal

length o f t i-ne t e s T  spec m c i .  Ti - re res uHjr rt  -- aqnif ied sp here of c o c - n u s io ’ c - at ‘ I r e

focal po int  of the p cc isHni mint  ~~r can t~me - be mrn c - a c - mss ed . Th is s Ic - ce uc - c-- P r e— i r  cue

s ize , w hen d iv d c - P by the asa uini f icat io n actor , results in a ‘ -soa sune o f the

sp here of con fusion -c- the mirro r being t e s t e d. T he i n t cs= i r c - m t r - =n s f s h~- t e  is used

as a go — rio—go g-:rugc to c i  imhra te  t ire r l e C e S S i t - / ci phys ica l l y mea si m ng the

u n c - .s or size of each re—irn o ;r- B > chcn rnp lag the aperture s i c - c - c.. t hm percentage

o f er te r p> possis h H>- any - ‘ m n aperture con -c-- deter mm s i r ,c - d.
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2.0 EQUIPMENT

2.1 Collimating Mirror

23. 375-inch hexagonal mirro r w i th  a 240-inch 2hu- oral  Ic - t b .

A luminized fm oni t  surface. Surf ace accurac > better P -a n 2 . - 5 . -c c - - s c - i s .

2.2 Coll imator Mirror Mount and Flash Scree n

Mount for positioning o f mirror provides ccipoi l i t1  for t - t - :~~ut ,O t m a d j u s t —

S meat. A preliminary cml ignment target is loccrtc- - co nce n ’ m mc w i t h  the

optica l o s i r  of the coll imator mirro r , and is ii in-~c d  50 I -ru t i t  Can be

S c - / u s T y  out o f the way during re-- image test ir g .

2. 3 Integrating Sphere

This unit consists of a 6—inch diameter by 6—inc h long cy lhider terminating

in a 6-inc h dianr -reter hemisphere. Removable aperture plates c - t i c  prov d-ed-

which are sized by the following formu la:

FL
D =

— — x d
FL2

D = Diuri s- ler of aperture plate.

FL 1 
- Focal length of coll imator mirror (240”).

FL 2 
- ; Focal length of reflector being t es t ’ c - d .

d C r c - i — - of confusion ‘nequire s e is t ” cur ‘ sp e c . H cation ’ for miri

be ing tested .

A I ight dependent res istor (LDR) is rnaunted in one wal l  of ti - re r te 5nrati  rig

sphere so t l m ci t it is onl y expose d to the opposi I c- wa l l  i i  a marc- er that
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no li ght em itering the or i f ice can directl y imp inge on it. The entire

insi de of the spher ic painted with 3— M V e lve t  C s o t h i  100 series air

dry enamel whi te , # 101_ A lO . The aperture p lates are painted on both

si des wi th 3—M ~ e lvet Coatirmg 100 series air dry black , # I~~1_ ~~1~~ The

unit is mounted at the focus of the coll imating mirror (240”) and is

adjustable horizontall y (xc - axis) and vert i cal l y (y axis).

2.4 Test Reflector Mount

A mounting device is provided to support the subject rt irro r during test.

This mount provides for angular azimuth and elevation adjustments.

2.5 Lamp and Mounting

The source lamp is a Bausch & Lomb T ype 71-71-4-4 , 2.5-vo l t  unit which

is mounted on a support arm which is provided with x, y, and z axis

adjustments.

2.6 Lamp Circu it

Tuie lamp c - ircum consists of ci controlled p- e s = e r  supp ly in series w it h the

lam p.

2.7 L.D.R. Circuit

The L .D.R.  is c on mnm ecte d in series wi th a ô volt  D.C. meg ulated poc-- - r

supp ly (or sot t e n> ), ar - rd a mci  ( i o a m , n c t m - r  hay inig an accuracy of 1 2°o

am - rd 400 ohms t - rmina l resi - - t -a nce in al l ranges , wit h ranges of 0—20 ,

0—50 , 0— IOU, 0—200 , 0—500 , and 0—1 000, m H c - m s n p e r l - s .

- - - -
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3.0 CALIBRAT ION

3. 1 A perture Plate Size Deter m ination

The diameter of the aperture to be uti lized to test a n y  given reflector

is determinned as fo I Ic - s c - 5 s :  (Examp les given are for the 2.2 KV ~, / A ’ o O

Searchli ght Reflector).

a ) Determi nation of “Magnification Factor. ” (M. F.) — Divide the :‘cal

lengt h of the collimator by the focal length of the reflector to be tested .

Examp le: f. I. of collimator — — — 240 in. 
- 

~~~~~. 934 (M. F.)
f . I. of subjec t reflector — 6.870 in.

Note: If a focal length tolerance is permitted , t he magnification

factor should also be calculated to reflect the extremes permitted by

t he tolerance.

b) Aperture Calculation

To determine the size of the aperture , mu lti pl >- t i-re specified “ sp here of

con fusion ” by the nmagnificat ion factor.

Examp le: Speci fication: 1 mm sp here of confusio n

1 rrmm = .03937 in. M.F. -- 34. 934

.03937 x 34. 934 1.375 in. aperture

3.2 Calibration of L.D.R. Circuit

It is important that , f~r t he test ing of any subj e :t c - d o c t o r , the L. D. R.

is op e la t i ’ s - - I in a linear range for the average light being returned to the

integrating sp here by ti - re coll imator mirror. Thi s is deter - mit - red as

fo l lows:

o3 
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a) Set up t he reflector to be tested amid position and adjust t i- re test

source (operating at 2.5 vol ts , nominal ), so t hat al l  ti - re re f l ec ted

- I energ y is re—image d into the integrating sp here. No aperture plates

are used at this id- ri-re.

b) Turn on the L. D. ~~. circuit  and select a range on the microammeter

which wi l l  g ive max imum deflection. The read imig should be between

80 and 100% of full sca le. This represents approximatel y t he “100°/H

point ’’ for this particular test series.

c ) Check the master calibration of the L.D.R. circuit to he sure that

the reading at the “100% point ” falls well within the linear response

region for the L.D.R. or , if not, t hat accurate calibration data are

ava ilable for the intensity reg ion to be utilized (normall y ~ 25% of the

100% point reading).

If neither of the above conditions can be met , t he i ntegrati n g sp here

must be re—calibrated for the intensity area of interest.

4.0 TEST PROCEDURE

4. 1 Mount ti - re subject reflector on the optical test f ixtur e .

4.2 Place the Micro mani pulator and test li ght source an t lse paral lel

ali gning bar and position it so t hat it is approximatel y at t i-re focal point

of t he subject ref lector. Turn on the light source power supp l y and set

t he voltage to 2.5 v o l t - .

-T 4



4. 3 Lower the “flas h” screen arid ali gn t he projected image of the subject

re flector to provide the “best visual image ” on the target screen.

Center on target and adjust both light source and reflector mounit to

maximize concentricity of pro jected beam.

4.4 Raise the screen and fasten in raised position.

4.5 Position white “target ” plate at aperture of integrating sphere.

4.6 Make fine adjustments of the x, y, and z movements of the lamp

mount Micro mani pulator , t he x and y movements of t he in tegra t ing

sp here mount and the azimuth and e1evation movements of the mirror

mount to obtain the sma l lest , centere d re—imag e on the target.

4. 7 Remove the target p late fro m t he integrating sphere. Turn the micro-

ammeter  switch clockwise until a reading of 80 to 100°/H of full scale is

obtained . (Note: This setting or range may be varied depending on

the mirror being tested and other test conditions).

4.8 Wait one (1) minute for the microamme ter to stabil ize. Adjust light

source supp ly voltage unt il niicroammeter reads full scale. This is the

100% reading.

4. 9 Position proper aperture plate at entrance to integrating sp here .

4. 10 Make fine adjustme nts of the x, y, and z movements of the lamp mount

micromanipuiato , am- rd t I - ~ - ~: and y m ovements of t he integrating sp here
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mount to obtain the hig hest reading on ti - re micromani pu lator.

Note: After the ali gnment steps o f 4.6, t hese final a l i gnnsent proce dures

require onl y extremel y sli ght adjustment s , usual l y onl y of t he z axis

(focal distance) adjustment of the lamp mani pu lator an-rd tine and y

movements of t he integrating sp here .

The smallest visual re—image , w ith the least a”c c- nt of li ght showing

around the edges o f the test aperture usuall y prod c c - s  the hin ,c-st reading

on the microa mrrneter. However , t his is not aiwa ys the case , and minor

ad justments are required to obtain th~ highest possible meading on ti m e

mi croammeter.

BE PRECISE — it is not possible to obtain a reading higher than the

qual ity of the reflector being tested wi l l  permit , but it is possible to

obtain lower readings through careless ali gnment.

4. 11 Remove the aperture plate and readjust the test source lamp voltage , if

necessary, to 100% of full scale.

4. 12 Rep lace the test aperture plate.

4. 13 Repeat Step 4. 10.

4. 14 Using the upper 1 to 10 scale , mult iply t he read rig by 10. Record the

read ing. This s the “percent per formance ” for the aperture used .

Note : As an alternate method , rather t i-ran adjusting ti - re lamp voltage
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to obtain a “no aperture plate ” reading of 100% as in Step 4 .3, s inp ly

record ti - re “no apertu re plate ” reading (with the test source lamp vc !tage

set at 2.5 volts) as the “preliminary IOO% reading ” Perform Steps 4.9

and 4. 10. Remove test aperture plate and recheck the lOO% reading

and record as the “final lOU% reading .” Rep lace the test aperture

p late and obtain reading with plate in position. Divide this read ing

by the “no aperture plate , final IU0%” reading . The result is the

“percent performance ” for the aperture used .

4. 15 If the “percent per formance ” flgure is equal to or greater than the

speci fication , the mirror 15 acceptable. (88% or better is required for

the 2.2 KW , M—60 reflectors , other spec ifications may apply for

different programs. )

4. 16 Record all data as required on test log and individual data sheets.

67



sP PE~PJlX B
A

INTE PTI EL- - - TIONSH IPS AND EFFECTS OF D(~ PE?-ENCES IN TH ERt~~ L
E -

~A A - ’4SlON RATES OF dEFLECTOR ASSEM BLY COMPONENTS

:~~~~~~
c- exanr t inatiom s of ex pansion character ist ics of ti- re various materials associated

w itls thc - S C—D—6470 l 0 reflector assembl y, it a ppears that there ore (3) d i s t i n c t

coe fficients to sc -’ con sidered. TI - re fo l lowing coefficient s one representative and

may vary from’s one data source to another , however statistics ch ow ti - rat the amount

of difference between one “1” condition (ter-spe r) and another doe s not vary enou0 h

to warrant an in depth discuss ion insofa r as tota l l inear movement is concerned. A l l

rs urser ica l  des ic-j nators are to be considered as X 10 6 .

2024 A lum. A lloy ’ 12.9
Carbon Steel = 6.33
Nickel = 7. 00

It can he seen by the above listed coefficients , that there is a noticeable ratio

between the three; steel and nickel I- raving an expansion factor of about ‘15 to 50

percent less than the aluminum. When considering tota l movement it must be

remem bered that t ;ie coefficients app ly to per degree Fahrenheit per unit of measure.

As an examp le of this movement , cons ider the 3. 760 -d iamete r bolt circle of t I re

SC-D-647O 10-6 reflector adapter and SC-D-6470l0-7 retainer , both riade of

a luminum. A tempe rature variance of l22 °Fwas considered as obtained by

theoretical ref lector  asse s -  Ny tempe rature (in searchli ght) ope rating at a soa L

t(. m pe rature of 230 0 a m P an ar d ri , - r m t  tenspenature of 78° (before seorchl 1~ lit operation) -

200 0 - 78° 122°

/)8
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T his leads to:

3.760 c 12 . 9 x l - j  3.760 (.15730 lO~~
)

5 .9 1 74h 8 .~

> 006 i u c l e s

By adding ~ota t theoretical o v e n i s m - r m n  to 3. 760, it is c scc - t emm ined :

3. 7600 .~ C,5 3.766

T he a bove data is f i n u me c l on a m e t r i c a l l y opposed confi guration . It can be seen

-at an initia l charac te rist ic (3. 760) which c- as Peers c lassi f ied as a basic dimensio s

c- as now beco e t heoreticall y en lar~ed to an oversize condition in exc es ~ of .OOó i n c - e s .

The a bove is to be ca rried fu rther by locating a I- role on this bolt circle wi - r ich

possesses those t h read pa rameters for a 4—40 UNC 2B as described by MIL-~ -7742 .

Limits are : Minor Diamete r ‘ ons put im~ Ex~~ nsion
Max .0P49 F12.9 l0~~~ 22)j .0S49( l .573~- x l0~~

)
.0849 .0939 l.336 l5-~2 x lO~~

> 000 1 t~- ,inor :)ia 7T 1~ )I
inc rease

Majo r Dianseter Comput in9 Expunsio
Mm .0939 U2. 9 x 10 -6 (122)) = .0939 (1.5730 x l0~~~)

= 1.477982 x l0~~
- ->- .000l ru inom dia . (max)

.1120 12 . 9 x  0~~ (l22)~ .1120 (1.5738 x l0~~
- 762656 x i0 4
. 0002 mnsojor dia. (mm ) im crease

~

-

~

-

~

- -_ - ---~~~---- ~~~~~~~~~~~~~~ -- - -  -



Scmew t hread ci sam - acterist ics for ems MS 16995- ho are:

Majo r Diameter . 111 2 Eo . 33 x lO
_ O 

125’(j . 111 2 (7 7226 x l0-~)
Mcix Mini B-SS-753 x I0~~.111 2 - .106 1 > 00003 ma j -  dia . (max) ’

increase —-

Minor Diameter 
—. 03-35 - 1Q61 [6.33 x 0 ° (122)J - .1061 (7 7226 x 0 ~(

- 3 1 93676 6 x l0~~
>.0000P- nsa j  - die r c- - s i

increase

. 0805~~.33 x 10 -6 (122)] = .0805 (7. 7226 x i0~~)
6.2 16693 x l0~~
.0000006 m i ss dia- ncneose

- .Ithou -I screw secu ri ’ or l oos en ing doe s rmu appear t o ae cmi immedia te pno bler ; ,

a s s - ~ 5 ;.:. amoun t of ! seo ,et ic a l movement w h ich  can take place , pos-; - bI~ torque

radanion is possib le w i G  could possi bl y contri bute to relaxing of tH - c lamp ing

force resu i ti ,r s is e f lect o r s nc ,,erc -ent w ithin the adaptor ~net cin ser.

:iice t ie coefflci- - s , t  of nickcm l is stated to be 7. 0m~ x l3 ° and the theoretica l

profi le or - ‘c SC —D— 6 470l0--5 (on the reflective surfac e ) is 7. 0 inches , profi le

mover. c-e nt shall be: 7. 10 [7. 00 x 10-6 (122)] = 7.00 (8.54 x l0~~)

~ 5.97S x l0-~
= ) OOó incises

However profile movement at the area of interface SI - rai l  oe:

3.760 17.00 x 10 -6 
(12 2 ))  = 3.760 (8.54 x l0~~)

- 3.2 1104 x o -
~

~> .003 inches

T ime f om e - ~oi sc - 1 data c learl y s inow s that for a n ionsent of maven- rent a lom sq a g iven profi le ,

t he reflec tor w i l l  cxp a rd onl y about 50% of ti - rat of its aluminum retainers

~0 
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It Is quite -/ i c - k - s i t  by t i- re above tl mat , to t a t t  it s i r - p h y , i I rC 2 (— Y coord i-s -am €- s of

t he ref lector am e unable to properl y inter face w i t . . t s c -  coo rdinates of t Ic - c  ada pter

arm d retcn is er under exist  in- , thernsa I cond it io rms .
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APPENDIX C

COMPILATION OF OPTICAL TEST PROCEDURES AND SPEC IFICATION FOR SC-D-

647010, RE\ . B REFLECTOR ASSE!. - B LY.

1. DRA’.~ lNGS: SC—D - -6 4T1 0 , Rev . B, s 1 -e - ~ I of 2

Dimensions:

a) 2.350 ~ .010 Focal Lc qth

Remarks: Reflector to be ‘at u s c - n  rd  tor comp liance ‘c- ubc ve  ~-c he r  a - ce

wit h no requiremen t or tolerance- w i th  regard - d l - -  i - P  - ~no ’ m “ : est ”

focus to point of attachment to ~c j r~ hi iu 1

Notes:

# 7 — Sphere of confusion n-rot to e - - c t -  Q~Q i n s . as meas~ n~~d b~

MIL-R -5235 1, Para . 4.6. 1.

Remarks: — see below

2. MIL—R-5235 1A (15 Feb. 1968)

Para . 4.6. 1 Sphere of Confusion — The zero—length searchli ght photometry

systerm s il lustrated in “ Illuminating E ng ineering ”, VOL LV II , No. 3, Marc h

1962 or equivalent system approved by t i-re contracting o f t  icen , shall be used

t hroughout this test. The test faci l i ty cons c is ts at a goniom eter to positions

and rotate the test reflector an- rd a coll imator mirro r to accept an-rd focus ti- re

re flector beans . For a sp here — of—confu sion measu rt - ” sesst , a point sou rce of

I Hb mt Is c - l o r e - ri at ti - re focal po int of the nt - f lec t or .  Thi s light beam , H ta m
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heirmg reflected an- rd co l iHa ted , is accepte d by ani r s t e s s r o t i s n g  sp here

posit ioned at the oc a i point of t I n e cOl l i ’ s  mt n - r mirror. The aperture of ~Pe

integrating sphere is ad justec i to an open-r i nsq w is i ch  by prey ious cal ihratic- n

correspon ds to i’~~- n 5 L ’ ’ t i n q  100 percent light out put of the re f iec ton .  The

light output from ti - re integrating sp is e s e is measure d by a li ght cell and

recorded as tine 100 percent I ig i t  output of ti - re ref lector.  At this po ir~~,

the im s t e c-~rrr ’d--~ c s here o ke r t u re is adjusted to ens ope miinq which also by

previous ca libration corresponds to the aperture nec uc ’ - - r y  to fu l f i l l  a s ishere

nsf con fusion of .040 inches at the reflector. The light output (enercy)

co llected by t he sp here is again measured , and ti- re percent of energy

transmiss ion derived froni the ratio of the two rrseasurernents const itutes H e

sphere of confusion in terms of percent o f energ y transmission . A sphere of

confusion less than 90 percent shall constitute failure of this test.

Remarks: Although the genera l test fac i l i ty  is adequatel y desc m ibed by

the above specif ication , an - rd by t he “zero—lengt h searchli ght photometry

system ’ i l lustrated in lllumi saH ng Eng ineerina ”, VOL LVII , No. 3,

March 1 9o- ~ - - c - s l a i n ;  im po r tas ~ c-i;:t-ai ls uP-~cti ng accuracy of test

pso ce dures anci resul tant re~Iccto r assembl y pc- c- H - n e c - a  data save

been omitted from the co mss h i -sc d  ‘-Dcc i t i  cu t i o m n .

Arc-a’ requiring f ’ ’ ’ t ~c -- ra c lan f i c c - m t i o n  or more detailed specif ic at ‘sn are

as fol low s .

Ins te g rat i ro sp here . — Ti - re - - - - i s ;  sp l e m a - esign and con istr uction
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detai ls , I ight I ntersiry det €- - - nj  c - lev i  cc and read-c-ut c-c-~u I prr e s t ire

- 
~- 

n - rot specified on he fioed - t c - os nh a -.- n c -  ~et y of -i: - — - - - .-oul d

provide sat i :f - . c t - T m y  ‘ e m Its , P -oc-j .d sp sru -o I d~- b ubIe to - t - r harbizc-

t iPs c rc ’~~- rs ne rn t c c -  ni de~
j ‘a ih~ cc m~ ij c - u f i j mn tecl is~c~ue to- ns5Lfle - t I e

oc rsr sr a c y of t ’a - esu c- ’ s.

2. A ( s ’ ?m s u re - t c  C - -J ~c - d  re ba ts -s .a sh i p-  ~a m’iec t nr ’ ’ c n ~ — Ti re

mnt he ’-a: ica l o r ,cnj or y C G  sd ~~c- relationshi p ‘j C~ :~~s1 ‘ sphei of

con fusion ” sp~ i f comic - sc -  - e~ u r en c -e - r t s  and cs tual f :  a l -e n t i re  p lus es

to be used at rise c- t s - r  - i c - I c - C  to rhe rmt egratinsg s pr ’ m e shoD 5 be c learl y

defined and ex :s rr - s m c s  p ~se’ —t e d to insare thc - t  aperture c - ch ute s i z i ry

amr d resu lt~-r t data ~mr~ ,.c-s r rect .

3. Point Liaht Source. — The point light source is cc - f  de fined in cry

nionner -.-iith in s hc mn-o~~ bcaf icn or eroce dures. The f i la n-er s t P :e ar - rd

shape , ben:s c-s ’j~e of cr jni f t cotH:n factors w hich res ult ‘ r --- rhe - abc n-f

the face ! It - - c - qths of the f~ c - ,  is~ le c t c - r s, -- as -c- a dist i nc- I a bc - c t  on, and

relations hip to, t s e  test c-s r -u in -

4
The- test source er sv el si size , sho e ari d q c - - u s  m y a lso d i rect l y i n -  c - s n  se e

o ls sem .- - ec i ‘ - -  - -ar c-ce due to- a number -of ‘us t t s r nob f,di no “cinc -scrOs -

source pc-c : - i t m o s ’  ~~ t ” camiser l by re f ract i o nc - of t he ens r , ebc;s€c - - , and

“secondary source ‘ c - , c t s ’ e ec - c c- c - uy Lrs level l u - i s -u nse fro m t m m c’

gloss s ’ sve lope tse l f , s.h icl - r s s s - - i u r ed born t he true r’osi ti cmn , of t ine
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