,(

I~
i

[

-,
s

W2 27797

FABRICATION, ASSEMBLY AND TEST OF SOLAR
SIMULATOR COPTICAL TRAIN ASSEMBLIES

Prepared for

National Aeronautics and Space Administration
Manned Spacecraft Center

Space Environment Simulation Section/ES6

2101 Webster-Seabrook Road

Houston, Texas 77058

Attention: (. Wells

Contract NAS9-5805

EOS Report 7056-Final 6 February 1969

Prepared by Staff
Illumination Systems Division

Approved by
H /‘1) o
L e, LA s
B2 (jﬁV
Wylee D. McCrary
Program Manager

Approved by

"‘Ic':f’k:f;':‘ 0 {; [ ;;‘a ,}; v,
A, Landau, Manager

© Jllumination Systems Division

I

* f{“ ELECTRO-OPTICAL SYSTERS, 1IN,

A XEROX COMPANY



ACKNOWLEDGEMENT

The contributions of Electroforming, Thin
Films, Materiel, and Quality Assurance personnel

in the preparation of this report is gratefully

acknowledged,

7056-Final ii



7056-Final

ABSTEACT

This report describes the manufacture of on-axis
solar simulator modules for the FASA Manned Space-
craft Center at Houston, Texas., Manufacturing
methods and process descriptions are given for
elecitroformed nickel replica mirrors. Assembly
and prealignment of the optical system subassem-
blies is discussed as are problem areas and solu-
tions relative to the development of the system.
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SECTION 1

SUMMARY

This report discusses the techniques developed and the problems
encountered in the manufacture of 60 optical train assemblies for

the NASA Manned Spacecraft Center (MSC) on-axis solar simulator. The
assemblies were purchased to upgrade the system capability by adding
additional modules and increasing the volume illuminated in the en-

vironmental test chambers.

The optical train assemblies each consisted of three subassemblies: the

collector, the throat, and the collimator. These assemblies were unique
because they were assembled, optically aligned, and tested individually
by EOS prior to shipment to MSC (prior trains had been aligned as com-

plete assemblies only).

EOS wanufactured the four diffevent types of mivrors and support hard-
ware used in the optical trains. An EOS subsidiary, Applied Optics
and Mechanics (AOM), manufactured the four lens elements used in the

system,

The most complex single process is the manufacture of the mirrors,

The mirrors are Iront surface, nickel electroformed replicas bonded

to a support casting which contains water cooling passages. [JThe pro-
cess used to manufacture these mirrors is discussed in detail in the
body of the report, The replication process consists of making a struc-
turally integral electro-deposition of nickel on a master matrix.
This part is an electroform or replica which copies the master ex-
tremely accurately; and, in the case of a mirror, the surface quality
is as good as the master used to produce it. The replica is separated
from the master, trimmed to a hexagonal configuration, then bonded to

an aluminum casting which is the support structure, The casting has
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machined mounting points and a water cooling passage used to temperature

control the mirror during operation.

EOS built the tooling used to produce the replicas on a prior contract
(NAS9-5482) ; however, the details of the program are discussed in this
report, The replica mirror surface is overcoated with a reflection
enhancing series of materials which also protect the nickel surface.
These coatings are applied by vacuum deposition and consist of a layer
of chromium, then silicon dioxide, aluminum, and silicon dioxide again.
The chromium provides good adhesion of the various overcoated layers of
materials to the nickel., 7The aluminum provides high reflectivity in

the solar spectrum.

The report includes a list of as-bullt drawings, which accurately
represent the current configuration, REOS has recommended various
design changes to improve maintenance, reduce costs, and provide

interchangeability.
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SECTION 2

INTRODUCT TON

" This report discusses the manufacturc of 60 opticai train assemblies
for the space simulation chambers at the Manned Spacecraft Center in
Houston, Texas. These assemblies form a part of the modular solar
simulator system used in Chambers A and B. The optical system con-
gists of radiant source, collection optics, vacuum transition weld-

ment, and collimating optics.

The collector assembly consists of a primary collector (No. 1 mirror)
and a secondary collector (No. 2 mirror), and a collector lens., The
collector optics are housed in a frame shrouded with water cooling

panele., Also included is a water-cooled pupil mask,

The throat assembly; which is the vacuum transition piece, supports
the collimator and houses the intensity control system. It alsc con-
tains a field lens which is part of the vacuum seal,

The collimator assembly re-expands the concentrated beam of energy
coming through the throat and projects a parallel beam into the test
volume. This is a cassegrainian system with a folding mirror (No, 3)
and a collimating mirror (No. 4). It also contains a central optics

system consisting of two lenses (collimator lens Nos., 1 and 2).

The tooling used to produce the replica wmirrors, Nos. 1, .2, 3, and 4,‘
was produced under Conktract NAS9-5482, "Solar Simulator Optical

1

Program Development Plan." It is discussed in this report since it

was a pacing item in the production program.
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This report also discusses the interface of the Optical Coating Im-
provement Program (NAS9-6708) which occurred during this program and

resulted in significant changes to the delivery schedule, as did the

first mirror refurbishment contract, NAS9-6659,
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SECTION 3

DESIGN CHATNGES

The optical train study (NAS9-5482) resulted in several design change
recommendations which were finalized during this contract. All mirrvor
castings were changed to provide integral water cooling passages and
new mounting and adjusting devices. The interfécing support points in
the collector assembly and the collimator.support were also changed to
accommodate the new differential screw adjuster mounts. Only minor
changes in the collector assembly plumbing were made to simplify the
plumbing and adapt to the new AND fittings in the Nos. 1 and 2 mirrors.
The cdllimatorw;;gg&£1§rwa§”5;ééEically ﬁééifiéambyAéﬂéﬁgingmtﬁé colli~
mator support castinggfrom a six»éuspension«poimt design to a three~
suspension point design. The collimating lens wmount was replaced, In
the replacement lens wmount, the twce lenges were centered and spaced in
a precision aluminum casting and all the previous adjusters were elimi~

nated. Assembly and aglignment of this unit was greatly simplified.
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SECTION &

'MIRROR MANUFACTURE

. The replica mirrors used in‘thefmASA~MsclsOlgx eimulachr, ég*brigiﬁaxly*’““*7
Cfurnished by the RCA Service Company, were all manufactured by EOS.
The Optical Train Assemblies Program continued the manufacture of the
complete optical train at EOS. The mirrors have been manufactured in

two facilities, both of which are separate from the assembly facility.

The mirrorrqgsemblies are of four types, all of which consist of a
water~cooled aluminum casting and an electroformed nickel replica
mirror. Electroforming is the process of building a structural part
by electro~deposition on a master tool; and in this case, the tool is
reusable. EOS used two types of tools EgAproduce these mirrors, one
of which is the reverse form of the electroformed mirror and is made
from 174-PH stainlessg steel. The other unit is an electroformed
nickel tool, made from a stainless master’y with a curvature identical
to the electroformed mirror.

There are several basic steps in the sequence of production, with the
first step belng construction of the repl*ca tooling. Staiansé

steel has proven to be superior to any other metal and has pro=

duced large numbers of replications for these mirror configurations.

Once a master 1s available, the replica is.electroformed directly on

~_th&fmﬂster. Aitcr the proper thlc' i ‘Ttheved the f@plicaiis

~;’palted from the mast r, and ia epoxy»bond@v_:.

an alum_num castlng

| whxch has a match ne conL ur machlned to matuh the elactloformed

'5raplica cont@uri~aA£Lerﬁbonding, the unlt s glven~a preliminary

optical test; 1f it is within gpecifications it is then sent Lo elox
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machining. The elox machine is used to cut

proper inner and outer shapes by electrical s

for @ final optlca] tgsL. The mlrrar optlc,

to vnrlfy the prellminury optical test, If the mirror is accep

final buy-off is made,

From optical testing, the mirrbr assembly is sent to the vacuum coat=-
ing area. The vacuum coating which is applied protects the surface
and improves the reflectivity of the mirror assembly The mirror

assembly, with its paperwork, is boxed and shipped to the optical

train assembly and alignment area.

4.1 MIRROR MASTER FABRICATION

The following paragraphs discuss the operations and techniques
developed by EOS in the manufacture of tools to produce mirrors for

the NASA-MSC solar simulator program.

During the past nine years, EOS has used several master making tech-
niques, béginning with making mirror replicas from glass tools which
were chemically silvered to make them conductive for the electro-
forming process. This technique was discarded in favor of plastic
castings made in glass tools by spin casting. This, in turn, resulted
in the free casting process where a parabolié shape was generated
using a liquid plastic which was cured during rotation. These plastic

concave. parabolas were thcn used to elcctrofarm maxc or convex masters

g frcm wh' h repllcaa ou ' Oue‘oL these chhnLunS’

"wexe usg 1“0n the cutlcal traln m1rrors. The‘&ouble repllcatlon pro.eSS,‘

*uWhatQ~armasterTmakgsjait@ol.to~be used for the actual replxcatmon,tWGS,

used for the No. 4 mirror. Direct replication was used for all the
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\other merOTS. The or1g1nal tools were made for the RCA prooram u81ng

wild- Leel chromo platcd masters x‘

to Lhe lxmx ed

Program all tools vere mgde‘ffom 17 4~PH qt

. proven vcr} satlsLactoxy.

In order to evaluate the wmirror master optical surfaée,'a means must

be used to progressively check the surface being machined.: Machining
to within 0.0008 in.(can be achieved by means of a precision template;
however, to obtain measurements to within 0.0001 and better, an elec-

tronic capacitance type probe is utilized,

Prior to attempting mirror master fabrication, an investigation was
made to replace the equipment previously used for contour checks of

the master conbtour surface.

The Turbo Machine, Inc. electronic probe assembly previously used for
contour checks was no longer available. After many source inquiries,

the equipment manufactured by Lyon Research Corporation was procured

since (see Fig., 1) it was felt thls equlpment could perform the same
task as the previous hardware. All electronics checked out, and the
micrometer carriage adapter modules were manufactured, Adaptation of
the probe assembly into a precision micrometer carriage was completed
(Fig. 2), and the readout consgole (Fig, 3) was adapted to the equipment

used ‘in the machining of each master.

These proba asqewblles were a succes ssful aid in obtaining the'required

'*h 1wbte?‘ heaui“‘d cantaufs that were nbtalnad along

_and mater1al used resulted‘ln‘Véfy ‘

‘;good pl‘tlng llfc on all mastexs. Some su1rac@s were machlned to.

W1th1n 0100001 1n of 1eqqued contour.
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The No. 4 master was checked during machining, using a horizontal arm
and dial indicator setup.(Fig. 4). A similar device was used during
optical grinding and polishing (Fig. 5). All checks used deviation
from a radius as the basis for generation of the fourth order aspheric

curve. Figure 6 shows typical data taken and graphed by this method,

Many facilities in the Southern California area were evaluated prior
to contracting for machining of the masters. They consisted of pre~
cision production, prototype, research and development, and first-

article-type facilities. Equipment, personnel, and knowledge of the

basic task were the three items required.

Each lathe to be utilized in machining these masters was thoroughly
checked out. Excessive clearance in spindle bearings, both caster and
camber were checked out;dlathe bed and ways for accuracy and repeata-
bility, and vibratory modes which might effect machining accuracy.

At the same time, the adaptability of the probe measuring device was
investigated., A check for wvoltage transients in the particulayr wmachine
was made, since these would have to be filtered in order to maintain a

clean signal for the operator during probe measurement checks.,

After extensive evaluation, four vendors were selected and approved

to manufacture support hardware and the mirror masters.

A total of seven stainless steel (17-4-PH) masters were machined,
optically ground, and polished to be used in the production plating

of mirrors for the optical train assemblies, Two mastey working tools
were fabricated for each of the Nos. 1, 2 and 3 wmirrors, and one masterx

tool was fabricated for the No. 4 mirror.
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The two No. 1 mirror assemblies were to be machined as follows: one
unit at the EOS Foothill Boulevard facility; the second unit at the
Fansteel Company in Torrance, California. No. 2 masters vere also

sent to two independent facilities. The first unit was to be machined
at Omneco, Inc., of Sun Valley, California; ‘the second at Quintesco,
Inc.,kof Azusa, California. The No. 3 mirror masters were selected to
be processed at Quintesco, Inc., Azusa, California. Along with the

No. }»ﬁirfaf,tfhéfNo.}é mirror master was to be machined at the Fansteel

Company in Torrance, California.

The precision measuring probe agsemblies were manufactured by Mardelle

Industrial Products of Monrovia, California.

After being selected for the appropriate master, each billet of 17-4-PH
stainless steel was X-rayed and ultrasbnically inspected. Any defects

detected were reviewed and analyzed. If the defect would hinder final

Y

product accuracy and optics, it was reforged and examined again. One
billet for the No. 1 master had an inclusion through the center which

was not critical to machining operations.

After thorough examination and evaluation, each stainless steel billet
was shippéd to the cognizant vendor for machining. Each facility wade
setups for each wmirror master. Overarm assemblies were manufactured
and checked out on their machines (Fig. 7). Some welding was required
on the No. 1 units {center posts) and a complete flange weldment ring

was required on the No. 4 asséwbly.

Upon completion of the unit setup and checkout, the rough billet was

5%
=

installed in the lathe and dressed up so that each could be faced o

and cut to approximate diameter.
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When the truing of the material was completed, a rough machine cut was
made to bring all required dimensions to within 0.020 in. The rough
cut unit was then removed from the lathe and a dye penetrant check made.
There was no evidence of cracks in the surfaces of any of the units

checked and processing continued.

After final machining, each unit was heat-treated to a hardness of 38

to 42 Rockwell C., While each unit was being heat treated, the probe
measuring devices were set up in the machines and checked out. After
the heat treated unit, along with certifications, was returned, it was
set up in the lathe and closely checked. The precision electronic probe

was then checked out and aligned with the system,

Upon completing the new setup, scans of the contoured surface were made
with the electronic probe to detesrmine the contour itsélf. Each scan
was recorded and rechecked until satisfactory achievement of repeatable
data were obtained (Figs. 8 and 9),

When satisfactory contours were cbtaincd, all machining was stopped and
probe cliecks rerun. If the unit was acceptable for contour and machine

finish (4 to 10 rms), it was rcmoved from the machine,

After final machine contour, the wmirror master was carefully packaged
and shipped to the optical polishing facility. At this time, all setups

were made and all polishing and grinding tool heads molded,

Grinding operations were started and the tooling had a short break-in

period due to the high accuracy of the machined finigh. Grinéing com-
pounds used were Barnsite grit of various sizes and water lubricant.

' Grinding continued until the entire surface lost its reflective finish
and had a dull grey appearance. All grinding then stopped, and a dye

penetrant test was rerun to check for cracks or any other defects,.
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The dye and deVeloper was  cleaned off of the contour surface and pf@pa«
rations then made for a cross template setup. An aluminum cross tewm-
plate was manufactured which had the approximate ccntour A mixtuce
of epoxy was applled to the contour‘edge of the cross. tempfate. The

templdt@ was then placed onto the master and allowed to remain 24 houls

to-cure,

After the epoxy had cured, the template was removed from the master and
returned to the thin films section to have an aluminized coating applied
to the contour edge of thé template. The cross template was then opti-
cally tested to compare the optics of the master to the required'optiés
needed on the NASA mirrors, f the optical test was within limits and
acceptable, the unit was polikhed, If optical defectskdid exist, the

unit was returned for more grinding

Optical polishing is a long extensive process, The same tooling was
used for polishing as was used for ‘the grinding operations, with the

exception of the padding which makes contact with the optical surface.

The medium used for the Llnal polishing was Llnduey compcuﬂd of various
grit sizes. Water was the lubricant, and, as the polish of the surface

increased, less lubricant was used. The surface was cont lnuously

polished until the acceptable reflective opt:cal surface was achlﬁved
No scratch or dig specifications were used, because the best optical
surface obtainable was all that was accepted.

Upon completion, the unit was carefully wrapped in lens tissue, covered

entirely with surgical cotton and Kem-pack, and crated for shipment,
In the case of the No. 4 master; the unit was then optically tested as

per 0.T. 1000, Appendix A, The Nos, 1, 2 and 3 mirror masters were

proof plated then optically tested (OT1000, Appendix A).
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It wag felt that each master manufactured ghduld:haVG an optical clear
aperture at least 2 in, in diameter larger than the end product optical

- clear aperture,

The following table relates the mirror assembly size to the mirror

master size used in mirror replication processing:

Mirror No. and P/N Mirror Diameter _Master Diameter‘
No. 1, P/N 614330 27.0 in. £0.060 in.  31.0 in. (2 each)
No. 2, P/N 614577 16.62 in. #0.060 in. 20.0 in. (2 each)
0.000
No. 3, P/N 614576 12.25 in. £0.060 in. 17.0 in. (2 each)
No. 4, P/N 614320 46,0 in. £0.060 in, 52.0 in. (1 each)
(Hex)

The Nos. 1, 2, and 3 mirror replicétioﬁs weve plated directly on the

17~4~PH stainless steel masters. Optical surface conditionz remained
acceptable through most of the platings. The masters were Temoved
periodically from the plating line to clean up the digs and minor

scratches that occurred during cleanlng operatzons. (Prlor Lo the

unlt returning to the plating cycle, the surface was cleaned and air-

dried.) Even though precautions were exercised, the optical surface

Tstill picked up minor digs and scratches and had to be removed from

service periodically and optically polished to insure acceptability.
The required tolerance of 44 minutes of arc was achieved and held

throughout the plating cycles.

Plating 1ife of the No. 1 masters was not as expected. Three times
during platino, the No. 1 masters rmLLlV@d mlnor’d mage . One naster‘
had~a cxrcula’,xlnw scratched 1ﬂt0 the surFace Erom maklnw contacL
ulth a mlsallgned anode ba%het. Two other times the surface was

scxatched from oart:nﬂ renllcav and improper cleaqlng.
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: ~§:tﬁah expected,

Over a period of time, the optical contour surface exhibited an~brange «
peel appearance. This did not effect the optical performance of the
end product mirror; however,

the surface did degrade possibly soomer

Plating life on the two masters for the No. 1 mirror was as follows:

S/N 27%-AOM-NIX had a total of 36 platings
S/N 27X-AOM-N2X had a total of 73 platings

No. 2 mirror plating was very successful and did not require consider~

able rework of the master.

Surface degradation cbnsiste&‘mainly of digs and scratches on the opti-
cal surface, This was due to cleaning and parting operations, The
masters were removed from the plating area once during service and op=-

tically polished.
Plating life on the two masters for the No. 2 mirror was as follows:

20-XAOM-N1 had a total of 43 replicas
20-XA0M-N2 had a total of 89 replicas

The No. 3 mirror masters were very successful in completing plating

cycles. Mirror distortion due to stresses occurred periodically and
caused a few rejections, These spherical mirrors are manufactured to
within one-half minute of arc optically, and the slightest stress or

handling problem causes deformation of the optical surface,

Plating life of the two No. 3 masters was as follows:’

| S/N L7XAOM-NI yielded 66 replicas
_ S/N 17AYOM-N2 yielded 87 replicas

The No. 4 mirror replica assembly was plated on submaster assemblies,

These submasters were made on the 17-4-PH stainless steel master tool,

7056-Final £=18



Fourteen No. 4 submasters were replicated for the first 40 No. 4 mirrors,
An additional five No. 4 mirror submasters were manufactured to complete

the last 20 optical train mirvors.

The surfaces of most of the mirror masters held up weli. Contours were
within the required limits mechanically, and fimal optics test perform-
ance was within tolerance; With continuous monitoring of the stresses
during the plating process, the average yield per master was adequate.
More platings were obtained from the optical train masters than from any

others previously manufactured.

The problem of the orange peel condition was traced to surface hardness
of the master. There appears to be a crust layer on the optical surface
which has hard and soft areas. Periodically, this orange peel effect
appears from the plating process (possible solution etch), but it has
been corrected by optical grinding and polishing.

Another problem that has been noted on the No, 4 master%during the
orange peel observation is a grain structure pattern. The gran struc-
ture can be seen if the surface is observed closely, but does not af-
fect optical performance. Cause of the grain structure has not been

determined.

Along with the above problems, porosity appeared twice in the seven
masters machined. Omne No. 1 master had a hole 0,100 in. wide by 0.030
in, deep and 0.924 in. loung. This cavity completely disappeared by the

time final machining was completed.
There is a porous area at about the 48-inch diameter on the Wo. 4 master,

This cavity is 1,010 in. long, 0.060 in. wide, and 0.030.in. deep.

During submaster plating, this area is masked off. This deformity
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appears on all replications; however, during wmirror processing, this

area is cut off since it is not in the useable area.

As outlined, the surface of some masters had the orange peel problem
and the appearance of grain structure. This problem has been investi-
gated, and it was noted that the stainless material was air melted,

! T ——
Air welting retains some of the will inpurities in the end product,

and may cause the imperfections noted in the wmaster blanks.
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4,2 REPLICATION

The replication of mirrors by electroforming is an old process developed

to a high degree in the past nine years by EO0S. This process involves

plating a thick deposit of metal on a mandrel or master, then separating

the deposit from the master.

In this process, the electrodeposited

metal is nickel, but almost any metal may be used. The two main reasons

b, . . . S 1iey - \ internal
' nickel is selected are its strength and its ability to reduce internal

stresses to a minimum,

details sequentially.

Tﬁe f61£5w£hg parégraphs will discuss theAﬁfécéss

Prior to commencing production plating, the particular plating tank to

be used is drained of all plating solution and thoroughlygcleaned. The

tank liner is checked for blistering, cracks, delamination, and chaffing,

All mechanical hardware is examined and’repaired‘orirepléced as necessary.

Upon completing the above, all electrical wiring and hardware is function-

ally tested.

All rectifiers, Lemperature controllers, and recording de-

vices are systematically checked.

The mirvor master plating setup is then established. An anode basket

containing nickel chips is set into the tank and centered. The rotator

assembly (master retainer) is functionally checked and centered, then

swung over the anode basket and adjusted and locked into place. After

the plating setup is made, the rotator is swung out of the tank,

Following the basic mechanical portion of the plating setup; the plating

bath solution is pumped through a filter
solution consists of nickel concentrate,
When the required amount of solution has

power is applied to the immersion heaters

raised to production requirements.
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deionized water, and additives,
been introduced into the tank,

and the tank temperature is



When the required temperature is achieved, a strip test, a pH test,

and a bath analysis are made. The plating bath parameters are closely
checked as is the electro-mechanical support hardware, Any required
solution changes are made to meet the solution parameters. Meanwhile,
all support gear is checked out to assure proper operation during plat-
ing. The rotator is completely checked out, including all electrical

circuitry and secondary support equipment,

During the solution checkout phase, the mirror master assembly is being
thoroughly cleaned. <Cleaning consists of using a thin solution of

Barnsite polishing compound and water, and scrubbing the optical contour
sourface. After scrubbing, the master surface is rinsed with distilled

water and air dried.

Personnel from the Process Control area inspect the surface for clean-
liness and scratches. If acceptable, Process Control issues acceptance,

and plating process preparation continues,

After the cleaning procedure ig complete and acceptable, the master
surface outer area is masked off along with the cuter edge diameter.
(This is accomplished by the use of plastic platers tape). The back
side of the master is then coated with a stop-off material, which cov-

ers the master area (back side) attachment hardware, and rotator shaft.

When all preparations are complete and acceptable, Process Control re-
inspects all parameters and gives the go-ahead to start the plating
cycle. The rotator is then ' repositioned, the master is submerged into

the plating bath, and the plating cycle is started.

All pertinent data such as start time; voltage, amperage, and solution
temperatures are recorded, As the strip testing and solution analysis
are made, their results are recorded on the plating sheet and also per-

manently filed in the Process Control Laboratory. These records are
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wmaintained during the complete plating cycle (Fig. 10). Upon completion
of the plating cycle, the stop time is recorded, the EJ;{TEEE§'syStems

are shut down, and the mirror master is readied for bath removal.

Removal from the bath is accomplished by swinging the rctator out of
the plating tank and resting it on the side of the tank on'bottoming
stops. Immediately, the master-replica is rinsed off with deionized
water to dilute' the residue plating solution, washed thoroughly, and

air dried.

At this time, the unit replica is identified by mirror master number
and replica number. When identification is made, the back surface area
of the replica is examined for pits, deformaticn, cracks, etc. The
replica is then pneumatically parted from the master and, along with
the optical surface of the master, is rinsed and washed. The master

surface is then covered with a protective cover,

The mirvor replica is now examined for damage or defcrmation, and any
other obvious defects., All paperwork and permanent records are checkad,
and, 1if all criterdia are in order,'?szeséléopgrglwgqhé&uleé“fﬁémﬁ{ffor
replica to be used for mirror production fabrication.

.

NOTE

In cases of a first-run replica in production, theiunit is cut up

into l-in., strips after it is parted and examined. Thickness
checks are made every 0.250 in. along each strip. This test [
is éal}g@mgﬂtgggfélgwggst.ﬂ Data from this check relates the
uniformity of the plating application and are alseo an aid in
checking all parameters in the plating cycle., All pertinent
data are fed back to the plating supervisor who in turn re-

quests changes in bath solutions if required.
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The purpose of the strip test is to provide techniques for the measure-
ment of stress in electrodeposited nickel and control of plating vari-

ables to maintain optimum stress levels,

Measurement of stress in electrodeposited nickel is performed by plating
a rectangular area of exactly 0,01 sq ft on one side of a stainless
steel bar (6 in. x 0,5 in. x 0,010 in.). The remainder of the strip

is masked off with tape. A deposit of 0.0005 in. of nickel is electro-
deposited onto the exposed area, 7Two strips are plated simultaneously
and the two deflections are averaged to the nearest thousandth of an

inch.

Stress in the nickel deposit causes the strip to deflect toward or away
from the measuring device as illustrated in Fig, 11. Measurement of the
;pius or“ﬁinus deflection (strain) gives the Tenéile (+) or Compressive
stresses (~) of the strips being evaluated. This data is recorded and
fed back to the plating line so adjuctments and changes can be made,
The deflection of the strip test sample, as shown in Fig. 12, is a
function of the average current density and the solution temperature.
Point deflection may be converted to internal residual stress by use

of Fig. 12.

In order to maintain the proper current density-residual stress balance,
strip tests were required ét least once a day., Due to the response of
the plating bath to daily chemical additions, and the effect of the
plating cycles, strip testing was increased to two-hour interval checks,
These parameters are controlled closely as noted, and all acceptable

mirrors were within the specified plating stress range.

Periodically, plating stresses caused deformed mirrors which were out
of optical tolerances and consequently were rejected, Based on the op-
tical test results, the plating stresses are closely controlled and ad-

justments ave made when required after each optical test.
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The main plating problem encountered was the flat "S'" curve on the

No. 2 replicas. The slightest change in thé plating stress would
cause the optical geometry to be out of tolerance. These mirror rep-
licas are to be maintéihédwégﬂén:bpticai'toléfancé of £3¥172 minutes
of arc, and are very Susceptible to change in plating stresses. This
is common for flat mirrors, as the forces required for movement are
much less than those required for mirrors with:§maliéf7f55{{iggn
curvature. The same is true for the No. 4 replica, especially with

the increased surface area involved.

In order to maintain the stress parameters, the pH and temperature must

be controlled within required limits. The temperature is monitored and
. . 0 . . 1 . .

controlled within 42 F. During the plating runs, the pH is monitored

and control is held with 0.2 of the required pH level,

During the plating cycles, a chemical analysis was made on each of

the plating days. The critical constituents and the amount of each
(chloride, boric acid, and nickel) were determined by the E0S Standard
Chemical Analysis Procedure, dated 11/20/67, and E0S Directive 35-1,
dated 10/25/66. If and when chemical additions are required, they are
added during the second shift. This is done so the new additions can
disperse into the plating bath and analysis, and strip tests can be

run prior to commencing the plating cycle.
The chemical content required in the plating bath has a definite range

to be maintained. These parameters are monitored continually, and any

additions are noted and added as referenced above.
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4.3 MIRROR CASTINGS.

Four casting configurations were used in this contract. All four were
redesigned during the Solar Simulator Optical Program Development Plan

(NASS-5482) to provide a more positive water seal and temperature con~ -

trol,  The Mo. 1 and No. 4 castings underwent a major change in that
all were modified to provide a continuOusiintegral path coolant flow

passage.

Vendor selection for the procurement of these units was based on com~
petitive bids to a fixed delivery schedule. Previous experience with
the castingisuppliéig for the earlier program (NAS9-1097) gave some

insight into the potential ﬁroblems on delivery and quality. All sup-

pliers were surveyed by EOS Quality Assurance prior to the performance

of any work.

The MSC~-selected casting designs were the least expensive designs based
on cost estimates supplied by E0S; and, as with any new designs, com=
promises were made. The new castings all used an integral water pas-
sage of some type and were provided with ﬁew wounting points which are
not interchangeable with the early types. All the new units could be
used in the early systems, but required édapter kits to be designed

and manufactured, The water cooling passage in the new No. 1 mirror
used a casting which required the welding of rings to form the cooling
passage. The early type used an epoxy-bonded aluminum spinning to form

the sealed passage. This new unit provided theoretical advantages

_ J
which became less evident during manufacture.]

_Several problems appeared which ultimately became costly. The first
problem, a distortion which occurred during welding, was of sufficient
‘magnitude to prevent machining of the contour which mates to the back

of the replica mirror. This problem was solved by building tooling to
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retain the unit by clamping and préheating prior to and during the
actual welding. The next problem was caused by portions of the alumi-
num ring sagging into the water passage, preventing sufficilent water
flow and weld porosity during the 150-psi pressure test. This was
prevented by flow and pressure checks after the firsf velding pass,
Problems also occurred with some units which passed all tests pricer

to coating the water passages and then incurred stoppages or flow re-
strictions during the coating process. These were caused by machining
chips which only packed when a high viscosity fluid pasgsed through the
castings. This problem will be discussed in more detail in the section

on water passage coatings which follows,

The No. 2 céstings were changed very slightly in their design, and the

changes resulted in no new major problems.

The No. 3 casting design was also roughly the same as the early units
‘epoxy for vacuum integrity and corrosion resistance., This process was
very successful, and no No. 3 castings were rejected in helium leak

check.

The Nos. 2 and 3 castings are similar ins that they both have open cavi-
ties through which the water courses rather than containing continuous

cooling passages.

The No. 4 casting requires a helium~leak test and uses a different cool-
ing approach. This unit has stainless steel tuBe cast integral in the
unit, rather than a composite as shown in Fig. 13. Stainless steel
mounting inserts were also cast in place. The tubing assemblies were
welded to a spider prior to casting to hold them in the proper position.,
They were also helium-leak checked prior to casting, and this resulted
in two ﬁﬁilures} One failure was discovered during the hot water test

after bonding, and one unit failed the helium leak test. The unit that

3]
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leaked on water flow was damaged during machining when a tap drill
penetrated the stainless tubing. The unit which failed the helium test
leaked as a result of a casting void weld repair which apparently dam-
aged the tubing. This defect was not located until the final collimator

helium-leak check,

4,4 MIRROR CASTING COATING

The contract requires corrosion protection in the wirror water cooling
passages. The No, 4 mirror is the only unit which does not have an
unprotected aluminum intevior, since it has a cast-in stainless steel
coil., The No. 3 mirror was vacuum impregnated which gives a fair de-
gree of corrosion protection. But this was done primarily for vacuum

sealing since this unit, like the No. 4 mirror, is in vacuum

during system operation. The No. 1 and No. 2 mirrors are both welded

to form the water cooling passages. The No. Z mirror has an open cavity
while the No. 1 has a "D" shaped water passage as formed by the welded
rings. At a point in the prograwm, after several units were completed,
it was realized that there was no corrosion protection in the No. 1 and
No. 2 mirrors. The fact that units had been assembled severely limited
the processes available. Most of the coating processes, such as elec-
trolytic coatings and chemical conversion cbatings, used relatively

high temperatures and corrosive materials. It was decided to investi-
gate coatings which were organic in nature. A study revealed that the
successful application of these organic coatings depended on surface
pretreatments similar in nature to the prior discarded electrolytic and
chemical conversion coatings, or abrasive cleaning to prepare the sur-
face. In some cases, a primer was also required. During the course

of the investigations, a supplier suggested that an organic solvent be
used, followed by air dry and a coating using a polyurethane paint. This

method was tried, and tests were run on the unit which was a No. 2 mirror

casting reject. The first attempt failed after 820 hours. The process
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was modified and another No. 2 casting and a No. 1 casting were coated.
These units were assembled into a collector.box and water was circulated
through the system for 1000 hours. The units were removed from the
system and examined, and no evidence of paint failure was aetected. The
decision was then made to use this process on all No. 1 and No, 2 mirrors.
Request for approval was submitted and approved, and the work was ac-
"complished on all 60 units which were delivered. Prior to the delivery

of the last 20 units, MSC discovered paint flakes in several of their

systems and corrective action was requested.

EOS then began a study of removal techniques for the polyurethane paint.
Normal organic solvents were of no use as their only effect was to
loosen or soften the paint. This removal technique was not satisfactory
since there was no adequateméécess\to the interior of the castings. It
was determined that it was neceséary to have a method of dissolving the
paint, rather than softening it. No commercial solvents we;é avaiiébié;
and, after a program of testing material compatibility, concentrated
sulfuric acid was chosen. All castings thaot were painted were then

stripped of paint using this wmaterial. The assembled collector boxes

presented a slightly different problem because of the materials involwved,

f?such as nylon, which is soluble in sulfuric acid). Tﬁééé>§robiéﬁé were
solved by using polyprophylene tubing in the'system to bypass vulnerable
materials during the sulfuric acid treatment. This method was used at

MSC to remove the paint from the 40 assembled collectors.

Since the paint was removed, nothing has been done to protect the

castings except.for water control at MSC (a closed system using an

organic inhibitor)., It is evident, at this time, that corrosion of the

aluminum castings is not a critical problem,
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4.5 MLRROR REPLICA BONDING

Upon cowpletion of the final machining, each casting was inspected by

Quality Control/Receiving Inspection. Hydrostatic testing to 150 psig

and water flow testing were conducted at the suppliers facility. No
hydrostatic leakage was permitted and a water flow minimum was estab-

lished for the type mirror casting.

After each casting was accepted, it was forwarded to the production
areas. As the casting was received 1t was processed through a cleaning
process, per EOS Directive 12-2. Upon completion of the cleaning pro-

cegs, the unit was inspected and approval was given for mirror replica

bond.

The replica was set up on a locating and holding fixture and the cast-
ing was carefully located on the replica back side. After all locating
fixtures were in place, the inside and outside diameters of the casting
were marked. The casting was then removed and plastic tape applied to

the back side of the replica area which would not be bonded.

After all masking was completed, the surfaces to be bonded on the cast-

ing and replica were scrubbed with 2000 alcohol. After the alcohol had

dried, the mirror replica surface to be bonded was coated with Primer K

and allowed to dry for 45 minutes.

The epoxy was then weighed and mixed and applied to both the replica
and casting surfaces; then, the two surfaces were indexed jointly for
bond. After assurance of centering and indexing, excess epoxy was
applied to a previously cleaned area of the casting, ‘and a torque

button was positioned and guarded by means of a mechanical cover.
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The bonded unit was then allowed to cure for a minimum of four hours
and all excessive epoxy was trimmed and removed. After 24 hours, the
breakaway torque of the test button was checked by Quality Control and
DCAS personnel assigned to the bonding area. If successful torque re-
sults were achieved (10 ft/1b or more) the unit was acceptable and

released for preliminary optical testing.

Torque values of less than 10 ft/lb were rejected; however, very few

units were below this level of torque value.

The No. 1 mirror is bonded using a contoured bonding fixture; the No.

2 mirror uses a vacuum retention fixture; the No. 3 mirror is centered
on the optical axis and bonded to the casting; and the No. 4 mirror is
bonded to the replica while the replica is still retained on the No. 4

plating submaster tool.

During the bonding operations, there were a few problems encountered,
Bad batches of epoxy were noted, the first of which had dark particles
in the mixture. All of this epoxy was discarded, and no other problems
occurved until the last batch of epoxy was used. Two mirror bonds were
lost due to low torque results. When the mirror replicas were parted
from the castings, the epoxy had localized areas which did not cure E}
properly. These bonds were from a batch of frozen epoxy. Since no
valid reason for'ﬁoo? cure could be found by EOS and the epoxy vendor,
frozen mix was discontinued and hand-mixed epoxy was used during the

remainder of the program.

\4.6.  PRELTMINARY OPTICAL TEST

After completion of the bonding operation, the mirror is tested to see
if the optical figure is correct even though it wmay change after Flox

cutting. The test serves two purposes: first it determines that the
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unit is acceptable for elox cutting; second, if it is out of optical
tolerance, a plating stress correction may be made. This test is the
vernier adjustment of stress control since very small stress changes

cause significant optical geometry changes,

Each unit is set up on an optical test bench and adjustments are made
with the mechanical portions of the test equipment as referenced in

the OT 1000 (Appendix A) test procedures, - The Wos. 1, 2, and 4 mirrors
are tested according to the test procedure in a test tower at points

on the vertical (¥ axis) and horizontal (Y axis) of the mirror. Typical
setups are shown in Figs. 14 through 16. Any areas which exhibit dark
or light spots or deviations in screen grid patterns are also checked.
The surface area is closely examined for digs, scratches, dimples,

and general appearance. Any deformities are checkéd bé&igélly; and,

if the required criteria are met, the unit is accepted for further
processing. I1f the unit is not acceptable optically, it is rejected

and reprocessed.

Any mass deviation areas noted are investigated, and this information
is then transmitted back to the cognizant processing stations for

corrective action.

The optical testing on the No. 3 mirror is performed using a glass
checkplate on the mirror éurface, and a fringe count is made. Many
optical deviations can be noted by the experienced and trained eye and
are closely checked with the glass checkplate. Fringe counts in ex-

cess of 16.7 fringes/inch, using a 2-inch dia checkplate, are cause

for rejection. 1If the unit is optically out of tolerance, inspections
and examinations are wmade and all information is forwarded to the various

process sections as noted above.

All acceptable units are released to production for further processing.
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4.7 ELOX CUTTING

All wmirrors were electric~gpark-discharge machined on the inside and

outside diameters after bonding and preliminary optical test operations.

The mirror assembly was cut to size as called out on the specified
drawing. Each wmirror assembly has a separate set of cutting tooling
which attaches to the machine centering head. This tooling is designed
for ease of replacement because it is consumed during the cutting

action,

A casting location fixture is installed on the machine cutting table,
and each casting is centered, and indexed prior to cutting. The No.
4 mirror is indexed to 3 positions because the Elox machine tool only
cuts two sides of the hex and one of three slots during each pass.

All electrical connections are made, the tub around the mirror assewbly

is filled with dielectric oil, and the cutting is,ﬁ???ﬁplish?@:

After the wirvor assembly is cut, it is removed from the machine,
washed with detergent soap, water rinsed,-.and air dried. The inside
and outside diameters are then deburred and the unit is water rinsed
again. The mirror assemblies are then mechanically inspected to the
applicable drawing, and the optical surface is visually examined for
scratches, deburring marks, etc. Any mechanical discrepancies are
cause for rejection or MRB action.

¢
Periodically, units were rejected due to Elox arcing which-causes
small pits close to the edge of the cut surface which hinders coating

applications. These rejections were rare.
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4.8 TINAL OPTICAL TEST

-~ The final optical test is the same test as the preliminary test

(OT 1000, Appendix A), but it is witnessed by both DCAS and EOS in-
spectors, The No. 3 mirror is tested using a 2~in.-dia glass check=-
plate which has the correct radius of curvature. Monochromatic light
is used for a conventional fringe count and the whole surface of the
12-in.~dia convex mirror is checked. Accéptance criteria are in the

lens specification in Appendix A.

The Nos. 1, 2 and 4 wmirrors were tested using a ray trace technique
developed by EOS to test these specific mirrors. A point light source
is placed at or near the focal point of the mirror to produce a return
beam which does not diverge or converge to an extreme. A slotted mask
is placed across the surface of the mirror which then projects on a3

target bar which shows the theoretical position of the image and the [

et

optical tolerance. This test only tests the finite area exposed, and
a judgment factor wust be used to determine how many test points are
made., Initially, tests are made across the mirror in the form of a
cross to align the unit in the X-Y plane and locate the axis. Once
this is done, the relationship between the mirror and light source is
not changed, only the slot wmask is moved for additional test points.

All test data taken are recorded and included in the mirror data

package.

A problem with this test on the No. 4 mirror resulted in the return

and subsequent rejection of 20 mirrors. The problem was due to the
interpretation of areas to be checked and the mechanism for determining
these errors. The test range is 150 in., and the image of the total
projected beam at this point is not as distbrted as it would be if the
range is doubled. The increase in range would then double distances

on the target bar, ete. This length range was not used because the
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allowable tolerances would cause overlap of test zones on the target
bar. This problem, plus the lower intensity and greater diffusion of

the beam from the slot, resulted in the choice of the 150-in. range.

After the early rejections, E0S changed the test procedure to include
looking at the projected image at 360 in. for zonal check locations,
and checking with a 2-in.-sq grid. The actual measurements of angular
error are still made using the 150-in. rarige;gzbut, in addition, the
2-in.-sq grid is projected on the target screen. This device is made
from 1/4-in. strips of steel spaced on 2-in. centers and mounted in a
frame. Phdfdgrwere made of the pattern produced by this grid at 150
and 360 in. using the stainless steel master. The photo was used to
compare the projection of the mirror under test and the grid produced
by the master at both ranges (Fig. 17). Although it is not required
by the test procedure, all No. 4 mirrors are now checked by slot pro-

jection every 2 in. around the diameter, as shown in Fig. 18.

Changes can occur to the wmirror figure after Elox cutting, since this
relieves the stresses of the outside edge and center section. If
changes occur to the extent of causing rejections, the data 'is fed
into stress control for correction. Usually, the situation has been
corrected prior to this operation; but in some cases, it does require

correction.

There have been some instances of latent defects in optical geometry,
apparently causced by continual flexing over epoxy bonding veids.

Bond voids are difficult to locate and equally difficult to repair.

‘All ‘rejected replicas were removed from the castings, and the castings

i were cleaned and reused,
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4.9 VACUUM COATING

Optical coatings to improve the spectral reflectance of the nickel
mirrors were, in the original program, the'samefas specified in a
previous contractﬁwith the Radio Corporation of America. The coatings
consisted of an aluminum reflecting layer, overcoated with silicon
monoxide, applied slowly so as to form a highly oxidized deposit.
Prioir to the aluminum deposit, it was necessary to apply a thin layer
of chromium for enhanced adhesion, followed by a rapid layer of sili~-
con monoxide to provide a diffusion barrier between the aluminum film

and the substrate.

The overcoat of silicon monoxide was controlled to an effective optical
thickness of one-half wavelength of visible light. This thickness was
established as the minimum for acceptable mechanical pfotection of the
aluminum layer but the thickest practical from an optical standpoint;

i.e., solar reflectance and thermal emittance.

A'characteristic of silicon oxide films of this type,’as reported by
P ,
Haas, et al (Applied Optics, Volume IV, 1965), is the remeoval of

initially high UV absorption by éxposure to intense ultraviolet’radia?b

tion in an oxygen-bearing environment. During the prior program it
was anticipated that this would be accomplished by normal usage in the
simulation chamber, since the carbon arc is a rich source of ultra-

violet radiation.

As a service history was developed on those units préduced in the priox
contract, two significant problems with the coatings arose. The
primary. difficulty was development of a corrosion of the coating,
leading to spots or dendritic trails of low reflection. After much
investigation and éttempts to trace the exact history of specific

surfaces, it was generally established that this corrosion was
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electrochemical destruction of the aluminum £ilm. The presence of
ultraviolet radiation, moisture, and surface blemishes were all
definite contributors, but not necessarily prerequisites,'to this

failure.

1t appears that the mechanism of féilure is.a pénetrationybf the
overcoat (especially where flaws such as scratches exist) by some
sort of electrolyte (such as water) which begins a galvanic type of
corrosion of the aluminum layer. This process progresses from the
point of origin between the layersvuntil a path between poles is long

enough or the by-products of the corrosion inhibit further growth.

Investigations of this/problem and the relationship of ultraviolet
irradiation to it revealed a second significant problem. It was found
that the anticipated service exposure was not accomplishing the

intended conversion of the overcoat to a lower ultraviolet absorptance

layer of silicon oxide.

Contacts were made with numerous industrial firms and federal agencies
in the investigation of these problems. Some general information was
established on ultraviolet irradiation. The corrosion problem, it
was learned, had been encountered in many instances, but no specific
studies were concluded.

Subsequeptly, tests were conducted which led to establishment of
equipment and a procedure: for exposure of all mirrors to intense
(more than 2500 microwatts per square centimeter) of shortwave ultra-
violet (wavelengths 2600 angstroms or shorter) irradiation. This
irradiation practice substantially improved the reflectance, as SR

expected, but did not appreciably affect the corrosion problem.
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The corrosion problem was the basis for a separate investigation

conduc ted under Contract NAS9-6708, the aim of which was to investi-
gate films of increased durability while maintaining the maAlmum of
solar reflectance. The conclusion reached as a result of thls proglam :
was that, of the films investigated, the best overall performance

could be obtained from the same film stack as originally planned,
except that silicon dioxide (quartz) should be employed in lieu of

the former silicon monoxide films.

The final assemblies of this program were coated with this stack,
employing silicon dioxide. Based upon the limited service results
to date, there has been a definite, substantial reduction in the

corrosion problem.

More recently, however, a new problem has emerged, principally on
mirrors from a refurbishment contract (MAS9-6659) but also, to some
extent, on units of this program. This difficulty centers around a
failure of adhesion of the vacuum~deposited films to the nickel sub-
strate. This failure, which is not apparent at the time of manufacture

when a MIL-M-13508 adherence test is performed develops at a later date.

While the problem is not resolved at this tlme enough ‘data have been
obtained to indicate rather strongly that the problem is one of integral
cleanllness of the substrate prior to deposition and/or an effusion of

included contamlnants from within the nickel matrix itself.

Some tentative proceés modifications have been instituted which have
resulted in mirrors without failure after three months of dhilyiiepe

testing. Currently,keffortq are under way to modify ‘the equipment
employed £;~Egzeﬁeoatlng operation and to incorporate the new proced-
ures. The results will be the basis of a separate report at the
appropriate time under the refurbishment contract. Figure 19 shows a

typical vacuum coating setup used in the coating operation,
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4,10 FINAL INSPECTION AND SHIPPING

Upon completion of the mirror assembly processing, the manufacturing

operafidns booklet was reviewed by the project engineer, quality con-~
trol inspector, and the DCAS representative. All paperwork was re-
viewed, and each operation was checked for conformance and completion.

When all paperwork was in order and stamped off, it was then duplicated

and prepared for packaging with each representative mirror assembly.
Shipments of hardware from the processing area to the assembly area
periodically caused damage to mirror surfaces and outside diameters.

In order to prevent damage, a procedure inspection list for packaging
and shipping was initiated.  This became the final shipping and accept-
ance criterion for all optical train mirror assemblies transported to

the assewmbly area.

Each mirror assembly was packaged in the appropriate mirror wooden
container. Cap plugs were installed in the cooling passage inlet and
outlet ports, and bolts are placed through the bottom of the wooden
container to secure the mirror in place.

The cleanliness of mirror and contalner were insﬁecﬁéd.pribgﬁgédgidgiaér
and securing the container lid, When these requirements were satisfied,
an acceptance tag was secured to the side of the container and all

paperwork was completed and stamped off.

£

The master manufacturing order booklet was attached to the container
and the packaged assembly was transported to the optical train assembly
and alignment area. Duplicate data was then placed in the Production

Department file for reference and historical record.
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SECTION 5

ASSEMBLY AND TEST

Assembly, optical alignment, and acceptance testing at EOS and MSC are
discussed in this section. Several documents were used toicontrol and
record the operation. The NASA approved Production and Acceptance Test
Plan (P&ATP), the MSC Acceptance Test Procedure (MSC ATP), and the
Inspection Plan all were used as controlling documents. Inspection
gheets, manufacturing orders, and kit lists which are included in these

documents were used to monitor all process steps. (See Appendices A and B).

5.1 PLANT LAYOUT

Plant requirements were determined on ths bagis of a 37-week progranm
which dictated production rates and floor space based on very rvapid
assembly and alignment of three major subassemblies. It was determined
that four alignment ranges must be available, two for the collector
assembly and two for the collimator assembly. The scheme also required
hydraulic test capabilities for both units for flow and pressure test-
ing. Areas were established for the various other functions, such as
helium leak detection, inspection, bonded stores, collector assembly,
etc. TFlow charts were made, and the facility was constructed at the
125 Vinedo Street building (Fig. 20). Service was provided for air-

operated tools in order to speed assembly operations.

A1l planning was based on the assemwbly line concept with the assemblies
being dolly mounted or palletized to facilitaﬁe rapid wovement through
the assewbly steps. Small sﬁbéssemblies were planned for bench assembly
to feed the mobile line., An areé was also assigned to the carbon arc

burner and optical bench for any test work required during the program.
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(This facility was used for ultraviolet radiation of mirror coatings

during the program prior to the acquisition of an ultraviolet light

bank.)

5.2 ASSEMBLY PROCEDURES

Procedures for acceptance testing on Contract NAS9-5482 were examined,
and a refinement of the techniques was developed on this contract,

This resulted in a scheme to monitbr the alignment condition rather

than actually test, quantitatively, the individual collector and col-
limator assemblies. The resulting test involved the comparison of two
alignment photos, one taken at the completion of assembly and a second
taken at MSC. The comparison of these photos then completed the accept-

ance of either collector or collimator,

The basic requirement was then met for the prealigned assemblies which
could be rapidly assembled at MSC. The detailcd procedures for the
actual piece-by-piece assembly were written prior to any assembly of
the actual hardware. The GFE opticél train was used as a!moaelgrgﬁﬁ
due to the many changes made to the EOS units, it was difficult to
visualize the assembly when working from the blueprints only. This
resulted in several changes to the P&ATP (Appendix A) during actual
assembly, which required contractual approval. It also became evident,
at a later date, that these assembly procedures would be invaluable to
- EOS due to the scrambled sequeﬁééﬂbf aséémbly required by the delivery
schedule versus the receipt of hardware schedule. After the program
was completed, the collector, collimator assembly and alignment pro-
cedure, and the throat assembly procedure were a really useful part of

the program.
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5.3 ASSEMBLY TOOLING

EQS developed laser opervated ray trace equipment for mirror master
contour checking during the RCA mirror mqppchturgwprograﬁ (RCA Contract
NAS9-1047. This led RCA to the use of laser beams as a visible center-
ing mechanism for the optical elements in the collimator assemblies.

EQS then further extended this application to include autocollimation

of optical fiats and lens elements for accurate component alignment

in both the collector and collimator.

Perkin-Elmer Model 5200 helium neon continuous-wave lasers were used.
These units produce a red beam (6328 R) with a power gggput of over
0.5 milliwatt, and a collimating lens system was-used to produce a
reduced beam diameter 25 ft from the laser. The autocollimation
accuracy of this system was within 1 minute of,arc, and it also
provided reference points which were easily veestablished, if relo-

cated, and easy to check,

Laser support stands were built with the capability of X, Y, and ro-
tational movement to align the laser with the assembly and alignment

stand.

There were two basic types of stands, one for the collimator and one
for the collector. The collimator stand is a heavy weldment bolted
to the floor. The top section of the stand simulates a throat with
field lens and lens retainer. Another type was built for the MSC

_mégéeptance test. It has a simulated throat welded to a plate for
bolting to the existing optical bench. The collector stand was also a
heavy-weldment bolted to the floor. The mounting surface simulated
the front surface of the burner. The quick-change alignment tooling
locater is located on the back side of the mounting surface, in the

center. This system was originally manufactured for milling machines,
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drill presses, lathes, or other machines where precision rapid tool
changes are needed. The system was very effective for locating and

quickly changing the alignment tooling for.the collector. A similar

stand was constructed to bolt to the optical bench at MSC,

Each assembly and alignment station is equipped with a Graflex camera
with a 4~ x 5~ft Polaroid back, target screen, and projection screen.
Small hand tools, torque wrenches, and a stop watch were also standard

in each station.

Small alignment and assembly tooling was desiéned and built to make
alignment easier. A common-point source rod with ¢ B & L 2.5V light
was used for boith collimator and collector alignment. Similar light

sources were designed and built with tripod mount to align the No. &

mirror.

An optical flat was built which was used to autocollimate and align the
collector stand. Also produced was a vane alignment fixture to position
~and align the cooling vanes in the collector box. A fixture to align
the c¢ollector box hard Eﬁmints was designed and built. This fixture
positioned the hard points in relation to each other, set the Z dimen-
sion, positioned the hard point in relation to the optical axis, and

a level to set the X, ¥ plane around the optical axis,

A reticle alignment fixture was built and was placed on the front of
the collector box to align the box on its optical axis. Reticle plates
were also built which fit in the inside diameter of the Nos. 1 and 2
mirrors. Held in place by spring pins, these plates were used to put
the wmirror on its optical axis, To measure the No. & mirror Z axis
position, a locator was built which rested on the mirror and used a

built~in micrometer,

All alignment tooling was thoroughly inspected and calibrated.
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5.4 ASSEMBLY OPERATIONS

Assembly of collector components began early in the third month of the
program, as did work on the throat wiring. The philosophy of this
operation was at this time clear. A series of assembly operations was
started, based on the hardware available, and production control was
initiated through stores inventory. Assembly tooling was scheduled

into the operation as was the hydraulic test equipment, and other
equipment required to complete the program, The inventory-delivery-
schedule~-type assembly programming worked successfully, but it required
a higher quality assembler than would have been used in large volume
production. This was due primarily to the short learning curve required

coupled with the ability to shift from one job to another.

Work continued on the piece-part basis for the duration of the program.
(The first shipment, early delivery of 15 field lenses, was made in

July, 1966.) Fortunately, the P&ATP assembly section allowed breakouts
of small assemblies so that production could be wmonitored by inspection,

and records of assewbly were meaningful.

The throats were the first major units assembled, and the work involved
was not cowmplex. A wiring harness wag installed, along with the three
alignment sockets., The field lens retainer was shipped as a kit, as
was the iris support asseuwbly. Work on these units, including packing

and shipping, was of a routine nature with no major problems.

The collectors were the second major assembly to be completed. They
were much more complex, involving more parts than any other unit, Six
kits consisting of over 370 parts and four major optical elements

were used.
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Two problems occurred during assembly and testing. The first involved
aligning the collector lens; the second wasrdue to failure of flexible
water hoses under hydrostatic test., Both of these problems were re-

solved, the first by changing the aligmment procedure, and the second

by replacing the faulty material.

When complete sets of mirrors became available, collimator final
assembly and testing began. Prior assembly included the collimator
central optics and other small parts. The assembly of these units
presented some minor problems which were corrected as they occurred,
Changes in the P&ATP were made contractually. Many other changes were
made, although most of them were not major. After assembly of ﬁhe first
few collimators a technique was developed to align the units which came

from practice only.

The first completely assembled units were helium leak checked and

passed specifications. However, failures began to occur on the 5-minute
150-psi hydrostatic test. Pin holes appeared in the 0.010-in.-wall
tubing on the support arm subassewmblies which caused changes in the
order of tests. It was decided to pressure test first instead of helium
check, and this solved the majority of problems. All of these tubing
assemblies had to be prechecked by helium leak detéction, so later units
were all pre-hydro-checked prior to assembly, The pre-hydro-check was
done primarily to prevent removal of support arm subassemblies after

alignment.

Final acceptance tests were performed at MSC on each lot of collectors
and collimators. ALl shipments were made by air-ride van. After
receipt at MSC, each unit had a final acceptance test performed. This
test consisted of rechecking the alignment of the unit and a general
inspection for damage by EOS and MSC inspectors. During the first
acceptance testing, MSC{questioned the optical figure of the collimators

and performed burn testing. Optical test equipment was then flown in
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and EOS perforuwed optical tests on éne unit at MSC, which resulted in
its rejection. Thirteen uniés were returned to EOS, disassembled,
retested, and rejected. Finally, the remaining seven of the first 20
units‘were also returned, retested, and rejected. Changes were then
incorporated in the test procedure to eliminate the problem, Forty
collectors and collimators were assembled prior to the coating change

which resulted from the coating study (NAS9-6708).

Four packing crate designs were required: one for collectors, one for
collimators, and two for throats. The throats required two crates
because the iris support subassembly was shipped two to a box in a
separate crate. All of the crates were satisfactory, and 20 collimatorpg
crates were reused for a second round trip to M5C. No shipping damage
was incurred. Household air-ride vans, with loading and unloading a

one~time operation, reduce shipping damage to a minimum.

5.5 TIEST EQUIPMENT AND PROCEDURES

There are two basic test stations, hydro testing and helium leak check.
Hydro testing was performed>on both the collimator and collector boxes.
A helium leak check was performed only on collimators.

Hydro testing has two functions, to measure flow and maintain pressure,
These tests were pérformed on an EOS-constructed hydro testing station.
The testing station has a{iﬁngm high~flov system for collectors and a
2-gpm low-flow systewm for gollimators. The two systems have a common
pressure pump and air blow down., Each flow system has a Fisher and
Portor £2% inline flow meter. Calibration of both flow meters was
accomplished by timing and weighing the water from the flow systems.
Two pressure gages for each flow system measured pressure drop and
static pressure. Air was used to remove water after the test. (See
test procedures for collector in PZATP, page 45, 2.3.123, Appendix A;

for collimator, see P&ATP, page 62, 2.4.33, Appendix A.)
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Collimators were helium leak checked with a C.E.C. helium mass spectrom-
~10
eter Model No. 24-120A having a sensitivity of 1 x 10 1 STD cc/sec. he.

(See P&ATP, page 61, 2.4.32, Appendix A, for test procedures.).

5.6 HANDLING EQUIPMENT

Special equipment was designed to trg@sport and 1ift the collector and
collimator assemblies., The throat was lifted by a cable sling or fork-

1ift, and it was supplied to EOS with four steel legs for ease in handling.

Two types of mobile devices were used to handle the collectors, which
were the most complex assemblies. One device, a simple cart with
pneumatic tires, carried the collector during the final assembly and
hydraulic tests. Prior to this, it was assembled in a wmodified, three-
wheel engine stand, which permitted turnover of the whole box during
assembly. This unit permitted one man to easily, and with little fear
of damage, install the heavy No. 1 mirver. The collector was also
provided with a special scissors-type lifting tool which was inserted
inside the collector box frame. On lifting the tool wedges itself

into position so that there is no danger of falling. This tool is

used with a hydraulic floor crane, but it can be used with any vertical

lifting device.
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SECTION 6

QUALITY ASSURANCE PROGRAM

EQS, as the contractor, implemented and maintained a Quality Assurance

Program which satisfied the requirements of NASA Quality Publication

NPC 200-2 and NPC 200-3 inspection systems,

6.1 QUALITY ASSURANCE VENDOR SURVEILLANCE

Suppliers (vendor) surveillance is a prime function of the E0S Product

Assurance Department, and was an important phase of the Optical Train

Program,

Suppliers surveillance serves a three-fold purpose:

6.2

Survey desired vendors to ascertain their ability to produce
products to a desired level of quality and maintain that desired
level of quality.

Notify vendors when their quality level drops to a questionable
or non-acceptable level, These data are maintained at EOS Re-
ceiving Inspection as vendor history.

Perform physical inspection or test surveillance, as required,
at the vendor's facilities. This activity is also documented
and entered in the respective vendor history records.

EOS SOURCE INSPECTION®

~‘Several conditions are considered before a source inspection requirement

~is assigned to a specific purchase order. Most of the optical train pur-

chase orders were related to the conditions listed below:
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a. 1Is proper equipment available at EOS to adequately perform the
inspection and/or test to completion?

b. Will it expedite the project to perfoim an in-process test or
inspection prior to shipment from the vendor's facility?

c. Are there itewms to be shipped from one supplier to a second
supplier for processing or tests?

d. 1Is there an economical or practical need to implement source
inspection?

e. Does the material, or do the products, require Government source

surveillance at an EOS vendor? |

When the need for EOS source inspection is determined and indicated ap~-
propriately on the procurement documents, the vendor must call the EOS
Vendor Surveillance Department for source inspection according to the

requirements stipulated in the purchase order in the vendor's possession.

An EOS Source Inspector is assigned the "call" and responds to the vendor
for the tasks as defined in the vendor's copy of the purchase order.

Upon completion of his visit, the source inspector documents pertinent
data in accordance with EQOS Product Assurance Manual, Volume 1, Section

Q-3-A.
All reports and/or test data collected by the source inspector are then
hand-carried or mailed to the EOS Vendor Surveillance Department office

for processing.

6.3 RECEIVING INSPECTION

Receiving inspection, which was required on the Optical Train Program,
is for the purpose of determining the quality of the parts or material
before movement into the stock room or stores area. Two general condi-

tions control the receiving inspection operations:
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a., Material or parts to be inspected for identification and damage
only. '

b. Material or parts which require inspection to the requirements m
of specifications and/or drawings as shown in the purchase order.
(Note: These requirements are determined and estagblished in
the purchase order before the purchase order is released to
the vendor.)

The product assurance copy of the purchase order is forwarded to and
filed by the Receiving Inspection Department clerk. This copy of the
purchase order is reviewed by the Receiving Inspector to ascertain the
proper requirements for inspection, e.g., correct part and drawing num-
ber, correct revision letter, certification requirements, etc., The pur-
chase order copy along with the copy of the receiving invoice or traveler
will indicate whether the parts have been source inspected, If parts
bear a source inspection tag, they are inspected for damage and counted

and processed for stock.

When parts are received for inspection for identity and damage (Inspec-
tion Code 2), they are checked visually for damage and for conformity to
identification requirements only. Dimensional inspection is accomplished
on this level only in case of damage, When parts are received which
require inspection to specification and drawing (Inspection Code 3), the
Receiving Inspector reviews the purchase order for any instructions in-
cluded therein. The vendor history record is taken from the file and
reviewed for sampling instructions and acceptance quality level (AQL),

if applicable, to determine if the inspection is to be performed to
single or double, normal, tightened, or reduced sample. The inspection
is then performed. After the inspection is completed; the results are
compiled and recorded on the history record card. Records of aiscrepan~
cies are made on the discrepant material report (DMR)'with the discrepant
material being placed in a secure bonded area (bond room or bond cage)
until material reviéw action is made and material review disposition is

completed. Acceptable material is split off of invoice and forwarded to
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the stock room. Movement of the material from the bond area is made
under rigid supervision to make certain that unapproved material is not

used in systems assembly.

6.4 IN-PROCESS INSPECTION

At EOS, in-process inspection is in two categories:

a, In-process inspection by an E0S Source Inspector at a vendor's
facility, which is handled as a normal socurce inspection
assigmment,

b. In-process inspection at E0OS facility in the areas where as-
sembly and tests are accomplished,

The requirements for in-process inspection are established by project
requirements as defined in a statement of work and shown on a flow
chart which indicates at what time and point of assembly an inspection

is required.

In-process inspection on the|Opti§?1 ?faié Program was constant through-
out the life of the program, ~Starting with the first mechanical assem-
blies, inspection was accomplished and verified by a check list showing
each inspection sequence and buy-off for each major subassembly by serial
number, FKEach operation was controlled by a manufacturing operations
sheet, with spaceé for inspection stamps to be affixed at the completion
of each assembly operation or test.

£

6.5 DISCREPANT MATERTAL REPORTING AND CONTROL

During the term of the solar simulator program at EOS, the withdrawal,
reporting, and dispositioning control of discrepant parts and material
was accomplished by using three forms: receiving discrepancy report,

inspection squawk report, and material review report.

7056-Tinal 6-4



Material withheld at the Receiving Inspection area was withdrawn by
documenting findings on the receiving discrepancy report (RDR); parts
and/or material withheld during in-process inspection were withdrawn
by documenting on the inspection squawk report (I8R); material review,
from the two previéus documents, was accomplished by the transfer of

information and data to a third form, the material review report (MRR).

Material withdrawn on the RDR and/or ISR was placed in bond for pre-
limihéfy review of those data. When formal material review was required,
data were transferred to the material review report for action.. The
material and MRR were then submitted to the quélity agency (DCASR) which
represented NASA-MSC at the EOS facility. At the completion of the
material review, the parts and/or material were moved or disposed of in

compliance with the MRR form.

6.6 FINAL INSPECTION (EOS)

Final inspection at EOS was comprised of the verification of documenta-
tion to assure that all operations and fests were completed per the
acceptance test plan and the manufacturing operations sheets. A final
visual inspection was accomplished at which time a final inspection tag,
showing the unit serial number and bearing the final inspector's identi-

fying stamp, was attached to the unit,.

After the unit was placed in the shipping container and secured for
shipment, another final visual inspection was accomplished to verify
that no damage was incurred during this operation, and a second final

inspection stamp was affixed to the inspection tag.

To assure that damage would not occur to the units, final documentation

was packed and shipped separately in an identified container.
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6.7 FINAL INSPECTION (MSC-HOUSTON)

ing at MSC.

6.8 REVIEW

In looking back over the quality control phase of the Optical Train

Program, certain points should be discussed for two purposés: (a) to
eliminate those areas which created the greatest problems, and (b) to
define those changes in operational procedures which have been impléf

mented since the peak of the program.

The procurement and quality activities have been §E§€Eégﬁé§%§mby‘the
full-time assignment of a quality analyst to the procurement group to
review purchase requests and purchase orders. This will assure that

" correct quality requirements are assigned ‘to the purchase oxders as
released to the vendors. This review is in addition to the review re-
quired by the quality engineer assigned to the program. This level of
’review‘will also minimize the use of unapproved vendors. (Reference:
EOS Product Assurance Department Vendor Rating List.) Better use of
the vendor surveillance source inspection activity could have been
made. There were certain specific problems with the No: 4 mirror
casting and the collimator support casting which could have been mini~

mized with a tighter on-site surveillance,

fcxpatlon of mlnlmiZLn 1f not ellmlnatlng, future problem areas. The
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fabrication of castings, casting molds, ana form tooling are areas
which receive close surveillance by Quality Control at EOS and at the
-vendor.

In the category of document control, the EOS Product AssuranceiDepégp—
ment has replaced three obsolete forms which are noted in this report,
the receiving discrepancy report (RDR), the inspection squawk report
(ISR), and the material review report (MRR). These forms have been
replaced by EOS Form No. 813, discrepant material report (DMR). This
is a genexal purpose inspection reporting document and is currently
being used at all phases of quality control inspection. This form has
the accommodation for, and is used in, material review activity, in-
cluding preliminary and formal material review. The back page of this’
form is a hard copy rework order with spaces for complete rework in-
structions which may be required and assigned to the discrepant material
listed on the face of the form. The use of this DMR form is proﬁing
very helpful in the control of lost or wmisplaced documents.as well as

reducing the document workload of inspection.
Some of these Quality Assurance Department procedure changes have

materialized because of the Optical Train contract. As a result, the

quality assurance of future contracts will be more efficient.
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SECTION 7

- PROCUREMENT

The following materiel policies, principles, and practices are used as

ating procurement requirements, and the company's suppliers,

7.1 RESPONSIBILITY

Responsibility for the procurement of all purchased materials, supplies,
and services required for the conduct of the business of the Company is

vested in the Materiel Manager.

Procurement functions are delegated by the Materiel Manager to the Pro-
curement Manager and staff of buyers as in the case of the optical train

contract.

The major activities of the Procurement Department in the fulfillment

of its responsibilities are as follows:

a. Supplier development and selection

b. Purchase inquiry {(proposal support)

¢. Bids and awards

d. Value analysis

e. Government/customer purchase order approvals

f. Purchase order negotiations, issuance and administration

Follow—up/expeditiﬁg

otooe

Supplier relations
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7.2 SUPPLIER EVALUATTION AND SELECTION

Evaluations of prospective suppliers (subcontractors) are based primar-
| ily on past performance; current capabilities, and plénned advancemenﬁé’
in the industry, Potential Sources’are surveyed by the E0S evaluation
team headed by a Procurement representative and including personnel
from the Quélity Assurance, Engineering, Manufacturing, and Finance
Departments. A report of each survey is prepared and distributed to

all interested departments.

Final decision on selection of suppliers is made by the Procurement
Department after coordination with concerned fumctions of EOS. Recom-
mendations of competent and qualified personnel are duly considered,
For example, Quality Assurance must be satisfied that the supplier's
quality control methods and procedures are sufficient and proper to
meet requirements, Engineering must assess the technical capabilities
of the supplier in a similar manner, and Manufacturing and Finance

inputs are evaluated,

‘Procurement's only authority to purchase is a properly executed purchase
request, It is the responsibility of the buyer to negotiate and issue
a purchase order to a supplier consistent with the quality, service, and

delivery required, and to justify and substantiate the purchase,

Prior to purchase order placement, the-buyer shall obtain written ap-
proval, if required, from the customer., He must also determine that
all applicable government regulations and prime contract requirements
have been met and that all necessary proceédures have been followed for

the type of orders being issued,
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773 SUPPLIER PERFORMANCE

Reliability of the end product is greatly determined by the supplier’s
performance and the quality which he wanufactures into the ?arts, <o~
ponents, or assemblies, It is, therefore, an EOS policy to emphasize
selection of suppliers with proven performance records. In the devel-
opment of new sources of supply for the’BﬁfIEgiAﬁgiig components ,

careful attention was given to program requirements and vendors were

selected based on performance reputation.

During surveys by EOS teams, the ability of a supplier to control and
report performance was determined. This analysis included the ability
to use the PERT or Modified PERT systems and to provide cost informa-
tion adequate to the type of procurement which might result., Where
competitively bid fixed-price fabrication orders were contemplated,
suppliers were to provide copies of their internal operation sheets
and schedules covering the proposed procurement. These were then used

to determine progress and performance against projections.

Performance of suppliers on procurement of-standard items or off-the-
shelf parts was monitored by an assigned expeditor.
Suppliers (subcontractors) for complex procurements were required to

submit, at a minimum, the following reports:

a. Initial PERT or Modified PERT network system.
b. Periodic (usually monthly) PERT system reports.

¢c. Periodic reports in bar-chart form showing actual progress in

relation to scheduling of the activities in the cycle from
go~ahead to delivery.

d. Periodic narrative reports explaining and projected or actual
deviations from schedule, reasons for such conditions, and the
projected recovery plan.
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e, 1If required (cost-reimbursement orders), a periodic report
of actual and estimated expenditures and projected cost to
completion,

f. Periodic reports containing information as required to sup-
port quality assurance, reliability, and configuration con-
trol prime contract requirements,

An EOS resident buyer was assigned to monitor performance on some
procurements., On others, the buyer coordinated inter~compaﬁy matters
and frequently visited the suppiier's plant to determine progress and
performance status and to provide assistance in problem areas. Engi-
neering, Manufacturing, and Quality Assurance persomnel accompanied

the buyer.

Day-by-day monitoring of this major program at the supplier's plant
indicates the level of performance, Close monitoring permits'immediafe

remedial action where indicated. The periodic reports, buyer's frequent

visitations, and expediting actions provide performance criteria.

7.4 COST ANALYSIS AND CONTROL

The Procurement Department has. the prime responsibility for cost and
price analysis and evaluation of suppliers' quotations and cost struc-
tures, as well as evaluation of cost feedback during purchase order
performance. EOS .Accounting or Estimating Department personnel may be
called on for assistance where product competition and price cannot be
readily established or when a following audit is requested.

%
The assigned buyer is responsible for the following functions during
negotiations, issuance, and administration of all significant procure-

ment transactions,

a. Review of cost data secured from suppliers during negotiations.

b. Determination that reasonable prices are obtained consistent
with sound business principles.
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c. Evaluation of .potential or selected supplier's ability to
perform and maintain pricing structures if awarded a sub-
contract.,

d. Preparation of purchase orders or subcontracts which clearly
define pricing criteria, payment schedules, and other terms
and conditions which might be of assistance in adequate cost
performance monitoring.

e. Summation of cost breakdown and supporting documentation, for
retention in the Procurement case file, which fully justifies
supplier selection and order award.

f. Visitations to suppliers' facilities during performance to
secure on-site knowledge of cost and performance history.

g. The review of all cost information, value analysis, perfor-
mance history, and application of this information in continu-
ing efforts to effect cost reduction which might be applied
to current or future procurement transactions.

7.5 TIME SCHEDULE

Support of the Optical Train Program continued as required to the con-
tract fulfillment. While buying activity peaked with the release of
the majority of purchase requests and slacked as purchase orders were
placed, the performénce évéluation of éuppliers coﬁﬁiﬁuésiﬁﬁrbugﬂbut

the life of the program.
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SECTION 8

CONCLUSTIONS AND RECO:RMENDATIONS

The No, 4 mirror master had a minor defect which caused high rejection
rates during the manufacture of the first 40 uﬁits. The surface con-
tour of the master was improved during the interim period between de-
livery of the first 40 units and the last 20 units, New submasters
were then electroformed until a satisfactory working tool was produced.
Nineteen submasters wetre made to produce 83 No. 4 mirrors, which is not
a high tooling life in comparison to the life of the Nos. 1, 2, and 3

tools,

In retrospect, should it be required to replace the No. 4 master, a
cogt evaluation will be made to determine the practicality of using
the master directly as a working tecol, At this time, it appears to be

the most desirable procedure,

The problem of orange peel surface conditions and the potential problem
of material porosity and impurity inclusions indicate the advisability
of using double vacuum-melt stainless steel for all future manufacture

of metal masters rather than the more readily available air-melt stainless.

The current optical train assemblies are interchangeable with the units
of RCA manufacture, but tht mirrors are only uéable in their respective
assemblies. Since the mirrors often require maintenance, it is Tecom-
mended that the appropriate steps be taken to design adapter kits to

facilitate mirror interchangeability,

Almnost three years from the starting date of this contract, it is evident

that many costs associated with this program could be reduced by redesign;
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but the redesign costs must be amortized over the future life of the
system, The EOS-designed No. & mirror casting.included cast integral
water cooling coils to solve the potential problem of water leakage (as
was experienced in the grooved casting) minimize corrosion, and maintain
a vacuum-tight system. The early casting design used an ePé%y;boﬁded”
water channel which was difficult to seal and would easiiy.rupture. The
MSC used an emergency solution to this problem by not using the No. 4
water cooling channels and merely bonded a copper cooling coil to the
back of the casting. This cooling system functioned adequately. This

makes the expense of the cast integral tube unit questionable,

It may also be possible to use a heavy nickel unbacked wmirror with cool-
ing coils directly bonded to the nickel replica. This method of mirror
manufacture would result in significant material and labor cost reduc-
tions. It also presents a major step toward vacuum coatings having
superior qualities to those in currvent manufacture, This method of
fabrication would allow a higher glow discharge temperature which is

now limited by the organic bond of the nickel replica to the aluminum

casting,

EOS recommends that these design suggestions be carefully reviewed prior

to any new MNo. &4 mirror casting procurement.

In addition to deéigns to facilitate mirror interchangeability, a cost
reduction design review should be undertaken to reduce component part
cost by relieving tolerances where possible. buring the receiving
inspection of parts, it became apparent that the suppliers made errors
in manufacture. In reviewing these errors during Material Review Board
actions, a very low percentage of the parts were unusable, some were
revorkable, and many could be dispositioned '"use as is, will not affect

form, fit, or function."
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The water used to cool the collector mirrors flows through the carbon
arc burner and then into the collector where it splits into parallel

circuits through the No. 1 and No. 2 mirrors. This makes it possible
to restrict or block the flow in either of the two circuits. EOS re-
commended modifications of the circuit to a series flow to prevent

possible damage to the mirrors,

Corrosion-resistant coatings of water cooling channels were required
on those mirrors with exposed aluminum surfaces; however, in order to
expedite the program, at NASA request, some mirrors were delivered
without coatings on the various water channels in the castings. The
castings still in service at the present time indicate that water-
channel corrosion is not a severe problem. The MSC water cooling

system has been modified from an open to a closed system in which the

water pH 1s controlled and corrosion inhibitors are added.
EOS recommends that the castings which are high-silicon-type 356 alu-

‘minum, and rated as having very good corrosion resistancc, be allowed

to remain in the as-cast condition.
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APPENDIX A

PRCDUCTION AND ACCEPTANCE TEST PLAN
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Procese Specificatieas and Accesptance Tests,
The following paragraphs will describe the
assembly componeant tests, inspectioms, and the
process description, All spplicable documents,
other than proprietary informatiom are incleded,



Directive No.,: 12-2

Date

Prepared by : E. L. Oslin
Approved by : 4 .. . <l a7
Revision No. : 2

10 Jan. 1967

PRETREATMENT OF 356 ALLOY ALUMINUM
PRIOR TO ADHESIVE BOND
NAS9-5805

SCOPE:

This specification describes the procedure for pretreﬁtment of 356 Alloy
Aluminum castings, prior to bonding of nickel replicas.

RESPONSIBILITIES:

The Bonding Group, under the Component Production Section is responsible.
Process Control will monitor the operation.

GENERAL:

This is a critical process and must be rigorously controlled, It is required
that this procedure be strictly followed, Suggestions for changes and im-~
provements are solicited, but no changes will be made without approval of
Program Management . ' ’

Page 5



Directive No,: 12-7 L
Date: 10 January 67

Page two
1,0 Pre-clean e ;Turc0:4215 ' 5 -7 oz, /gal
' : ‘Temperature 150 - 160 F
1,1 Immerse part into cleaner _solution and turn up air agl, tion,
1.2 Allow part to soak clean : n ( n
1,3 Remove and spray rinse overfcleaner tank using hot tap water
2,0 “Etch © Turco Aluminetch No, 3 5 -7 oz, /gal
. Temperature 140 - 160°F
2,1 TImmerse part into etch solution and wait until etching action is
uniform over entire surface,
2,2 Allow to etch for 5 = 10 seconds, o
2,3 Remove and spray rinse over etch tank using hot tap water (140 - 180°F)
3.0 De-oxidize Turco Nitradd o 12 « 20% by Vol,
Nitric Acid (42 Be) 60 - 80% by Vol,
Temperature Ambient
3.1 Immerse part into de-oxidizer solution for fifteen seconds,
3.2 Transfer part to rinse tank, DO NOT RINSE OVER DE-OXIDIZER TANK,
WATER MUST NEVER BE ALLOWED TO ENTER TANK, IN TRANSFERRING PART,
DO NOT ALLOW DE~OXIDIZER SOLUTION TO CONTAMINATE IRIDITE SOLUTLON,
3.3 Spray rinse thoroughly with deionized water, All traces of
deoxidizer solution must be removed, "Optional -~ part may be
rinsed by immersing in a tank of continuously running deionized
water for one minute followed by a spray rinse of deionized water,"
3.4 Visually inspect part for dark smut, If traces are present, repeat
steps 3,1 - 3,4,
4,0 Conversion Coating Iridite 14 - 2 1,0 - 1,5 oz,./gal,
pH (Electrometric) 1,4 - 1,6
Temperature Ambient
4,1 Immerse part in conversion coating solution while still wet, If part
has been allowed to dry, repeat de-oxidation, ‘ .
4.2 Allow to react for 3 - 5 minutes,
4,3 Transfer part to rinse tank, Spray rinse thoroughly with deionized
water,
4,4 Allow part to dry before bonding (part may be oven dried at 120° - 150°F
if desired),
4,5 DO NOT TOUCH SURFACE TO BE BONDED, 1IF PART IS NOT TO BE BONDED IMMEDIATELY

" WRAP IN CLEAN UVWAXED PAPER AND STORE IN DRY PLACE,
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Prepared by:
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Revision No,: Two
Date: ; 10 Januarv w7

b2

BONDING RICKEL

b HpgptchgLLnn duqcribuq Lha pkﬂﬁﬂdurh on bnndln? nugkal replicas ta

aiuminum castings, It also establishs technlques for the measurcment and
control of adhesive bond strength,

GENERAL :

2.1 This is a critical process and must be rigorously controlled, If
changes or deviations are required they must be approved by the
‘governing agency, '

2.2 The torque shear adhesion test consists of a 3/4" diameter button
which is bonded to the back of the aluminum casting., A torque is
applied to the button using a calibrated torque wrench until a shear
failure occurs in the adhesive bond, The maximum shear stress (outer
edge of bond) can then be calculated from the wmeasured torque by
means of the following equation, 16T

S max, = -3
Tid

-

Where: § max = maximum shear stress

T

it

measured torque

d diameter of button .

it

For a 3/4" diameter button and a measured torque in ft,~-1lbs,, the
above equation reduces to: 8 max, (psi) = 145 T

RESPONSIBILITIES:

The bonding group, under the Component Production Section is responsible,
Process Control will wounitor the operation, *

EQUIPMENT/MATERIAL

L 25

£ 5

¢ Spreader,

,Euvaﬂe e bo 1 1216"1 5 Epoxy ~ ,
100 parts 1210 - 100 parts 9615 frozen mix (12 0z,)
160 peres 1210 - 100'partb 9615 hand nix

-
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The bonding arca must be clean,
other operations,
fixtures,
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Directive No,: 15-2
Date: ' 10 J
Page two

Saooort Fixture,

o "R Priower,

button (reusable) Part Number 81-12050,

All dust and dirt produced from
(grinding, ectc,) must be rcemoved from bonding
tools and tables prior to the bonding process,

The following procedure must be performed in the sequence indicated
without interruption,

OPERATIONAL PROCEDURE

2.0

3.0

Replica Preparation

'—-—l
L)
o~

1.5

1,6

1,7

Castir

2.1

Mask

3.1

3.2

3.4

Strip protective Film from reflective surface, (All except No, 3).
Place replica face down on support fixture in wash tank,

Moisten back of replica with deionized water, Sprinkle cIeanserf
(Institutional Formula White King or equivalent) over back of
replica and scrub surface using clean bristle brush, DO NOT USE
CLEANSERS CONTAINING CHLORINE OR BROMINE BLEACH,

Turn replica over carefully, positioned face up on support fixture
in wash tank, ; ' -

Wet down surface of replica with deionized water, Using ''Amway'
Solvent Detergent (or equivalent), swab surface gently to remove
impurities and oil stains., (All except No. 3) '"Do not apply
pressure,'" Extreme care should be used, so you don't scratch the
retflective surface,

Rinse thoroughly with deionized water, Blow dry with air, (Air
line wmust have adequate 0il and water trap which must be checked
at least once per weeck),

Clean the test button bonding surface using the materials and
techniques of paragraph 1.3 to 1,6 above,

w1z Preparation (No, 3 Casting Only)

Use cleanser
clean bristle
Blow dry with clean air,

Remove conversion coating from face of casting,
(Institutional Formula Waite King or equivalent),
brush or grade 00 steel wool.

and Prep Components

ixture and position casting in place with

a on vonding £
ng fixture surface to be clean from dus:

(Bond

o
o

N
L

-~

D
ing on the back of the replica and draw outllne of cas
eplica using a lead pencil,

mask edges of casting (I, D, and 0. D.) and replica
. D, and 0, D,) with vinyl masking tape,

£ replica with 200° absolute ethyl alcohol (from squeezoe
Apply a coating of "Epocast K Primer" over
rably with brush or spray gun, "K' primer n.st

ting
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Directive No,: 15-2
Date: 10 January %7
Page three .

iave cure time of L hour at room temperature before applying cpoxy.
Carce must be taken not to damage or scratch reflective surface in
nondling, '

Prepare the test button as in 3.4 above and mask the O, D,

4,0 Preparation of Adhesive and Application

4.1

I~
N

I~
.
w

Preparation for adhesive. Hand mix,
4,1,1 Weigh out epoxy (Ratio 100‘parts 1210 to 100 parts 9615).

HAND MIX

Mirror No, 1 1210 500 grams
9615 500 grams
Mirror No, 2 1210 200 grams
9615 200 grams
Mirror ¥o, 3 1210 200 grams
9615 200 grams
Mirror No. & 1210 800 grams

9615 800 grams

4£.1.2 Mix 1210/9615 thoroughly (combined).
4.1,3 Epoxy to be used within % hour after mixing,

Preparation for adhesive, Frozen Pre Mix,

. o o .
4,2,1 Immerse tubes in hot water 120  to 150 F, Care must be
taken not to get water into back of cartridge as this wili
contaminate the epoxy,

]

FROZEN PRE MIX

Mirror Yo, 1 3 tubes
firror No, 2 1 tube
Mirror No, 3° 1 tube
Mirror No, & 5 to 6 tubes

Thaw tubes for 5 - 12 minutes,
Epoxy to be used within % hour after thaw

.

~ o
W N

&4,
4.2,

A»ply epoxy to back of replica and front of casting with air injection

gun or equivalent,

Spread epoxy out evenly with plastic spreader, (Serrated type preferrad)

Carefully position and center the casting on to back of replica by

installing centering plate,

Al‘ow excess epoxy to flow out from between the parts, -''Do not apply
essure to the asseably. ™

A torque shwear test button (EOS Print No, 81-12050) shall be bonded o

each casting simultancous with the bonding of each nickel reflector,

using exact the same materials and processing techniques, The
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5.0

;{. N

(o7}

weight of the test button (87.5 g
bonding pressure, : :

After the epoxy has skt to a tack
X-acto knife to remove the excess
L. D, of casting and itest button,
TRIMMING., (No., 3 assembly has to

Pircctive No,:
Date:
Pagce four

15

)

16,

e

AN

V6T

iO.S #) shall provide the proper

free state (4 to 6 hours), usc an

cpoxy by trimming around the 0, D,
DO NOT CUT INTO REPLICA WIILE

be removed to perform this

2

operation, After the operation is complete, the assembly should be
placed back on the bonding fixture and allowed to cure).
Allow the assembly to cure at room temperature 12 hours before

removing from bonding fixture,
Procedure

Remove masking tape from O, D, of

test button,

Using a calibrated torque wrench (either torque limiting or torque

recording) apply a torque to the test button,

application of a bending force, The torque should be gradually
increased until a failure of the bond occurs,
Record the measured torque required to cause failure, or the last:
torque limit prior to failure,on the M, O,
A measured torque of less than ten (10) fpor pounds shall be cause

for rejection of the assembly,

6¢c

Use care to prevent



Directive No.
Prepared by

Approved by : -, S
Date : 11-16-65

NASA MIRROR ASSEMBLY
STRIPPING REWORK PROCEDURE

Equipment and Materials

1. Acetylene torch (use safety precautions and equipment)
2. Pittsburgh Paint and Varnish Remover

3. Screwdriver, hammer, paint brush and putty knife

Operztrional Procedure Removal of Nickel Skin (#1 and #4 Mirror Assemblies)

1. ©Position mirror face up on welding table.
2. Apply heat to reflective surface with acetylene torch, until the epoxy bond

is broken. Peel the nickel skin from the casting. Use extreme care not to
"demage casting face and contour. (Do not pry the nickel skin off.)

#2 and #3 irror Asscemblies

.1. Position mirror face down on a table.

screwdriver and hammer position the screwdriver on the nickel G.D. over-
the assembly and pound until the bond joint is broken. Do this arcund
ctire 0.D. Peel the nickel skin from the casting. Use extreme care =o:

ge the casting face and contour. (Do not pry the nickel skin off.)

e en

B okh

Removal of Excess Fpoxv from Castings (#1, 2, 3 and 4 Mirror Assemblies)

1. Apply varnish remover to epoxy with a paint brush and let set for 15 minutcs.
Highly corrosive material. May cause severe burns. Avoid contact with skin

and eyes.
2. Scrape oif softened epoxy with a putty knife. Repeat this step until all epouy

removed Irom the casting. Wipe excess varnish remover from casting witia z

3. Spray rinse the casting with water.

4. Scrub :he casting (especially the face) with White King Tnstitutional Cleanmsex
or equivalent and a bristle brush.

5. Soray rvinse with deionized water.

6. after re-inspection of the casting prepare the casting for bonding per
Directive 12-2.
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Directive No,: 12-7

Prepared by: D. L, Ruffner
Approved by: RN T
Revision No,: 2

Date: 10 November 66

APPLICATION OF PROTECTIVE
FILMS PEEL TYPE
NAS9-5805

SCOPE:

This specification describes the material and process to be used
for application of protective films to reflective nickel surfaces,

APPLICABILITY:

This procedure applies to all reflective surfaces as specified by
- the Manufacturing Order (MO),

MATERIAL:

Protective coating compound designated as "Spraylat'" No, SC-1070T
is to be used as received, DO NOT THIN, An equivalent protective

coating may be used,

PROCESS:

4,1 Apply a thin uniform coating using a pressure type spray gun
or brush,

4.2 Allow to air dry a minimum of two (2) hours or until tack-free
before handling,

4.3 Spray gun and equipment must be cleaned before and after use,

6f



Directive No.:  35-1 :
Date 725 October 1966
Revigion No. .
Prepared by : ¢
- Approved by

Analytical Control Manual

Purpose ‘ ‘ ,
: The purpose of this manual is to prov;de analytiaal proced ;
for the analysis of all chemical processing solutians and their '
control within optimum concentration ranges. ‘ ‘

General , : ,
-+~ The procedures have been written with the intention that anyone
with a basic knowledge of chemical terminology and analytical
‘laboratory technique would be able to perform the required
analyses. They have been kept as simple as possible, for
maximum efficiency, within the limitations imposed by the re-
quired accuracy. Most are proven methods which are standard
throughout the industry. The required techniques can be easily
learned and should be committed to memory within a short period
of time. : e '
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11 memmc_f

: Chemlcals are manufactured in several grades efmd fferent purity.

It is important that an analyst

‘for laboratory use. The six most common grades are as follows (in

order of increasing purity):

: Cammercial or Technical Grade -

' U.S.P. Grade -

~ Chemically Pure (C.P.) Grade -~

Reagent or.ACS~Gradé T a

Directive No.:___ 35-1

recognize these and their suitability

This grade is produced largely for

- industrial use and is not suffi-
ciently pure for general laboratory
use. Do not use unless specifically

. called out.

These chemicals are tested by the
manufacturer for certain types of
impurities but may contain appreciable
amounts of impurities not tested for.
Do not use unless specifically called
out,

These chemicals are purified accord-

ing to standards set up by the indi-
vidual manufacturer and since these
standards vary, the chemicals are of
indefinite purity:. However, they are

’ generally of-high purity and may be
-used for most applications, except

where a higher purity grade is
specifically called out.

These are high purity chemicals
manufactured and purified according
to standards set by the American
Chemical Society. This grade is
sultable for\all 1aboratory uses

hemicals meet all the above |
;nts and in addition are
ed to contain close to 100%

of the principal substance. They

are used for preparation of primary

,standard solutxans.A

61
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Directive No.f ‘55~i

Electronic or Semiconductor

~ Grade o : = A grade of chemicals of extremely

. high purity used for specialized
" “applications., These chemicals are
- desirable for some laboratory appli-
cations (such as analysis for trace:
impurities). However, their general
use is not justified due to high cost.

Recording of Data

All analytical data (titration wvolumes, weigﬁts, etc.) should be

> recorded in ink directly on the forms provided (Chemical Analysis

. Worksheet). If an error is made, the incorrect figure should be

crossed out and the correct one inserted, Each analysis worksheet

" must be signed and dated by the analyst and filed for future re-

» b ‘ .1‘..3

. .ference. Duplicate analyses will not be required unless the resultsl""

are questionable. Titration volumes should be recorded to the

nearest 0.05 ml, weights to the nearest 0.1 mg.

Calculations

" slide rule accuracy is sufficient for all calculatlons if the rule

is 10 inches or greater. Care must be used not to express the re-

.- sult in a way that implies far more precision than was used in ob-
~ taining the result. In most cases, calculation of results to more

than two (2) decimal places is neither justified nor desirable.
The result cannot be more accurate than the data from which it is

;5t,obtained. SRR ST
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2.2

2.3
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Directive No: 35-1

2.

Whenever possible, assure that the solution has been thoroughly

mixed before sampling. Samples should not be taken too soon after

addition of chemicals or water. Sufficient time must be allowed
for solution to become homogeneous.

Sampling is best performed with a glass or plastic tube approx-
imately %" in diameter. Flush the tube thoroughly with solution,
then insert vertically into tank and allow to fill with sample.
Place thumb over top of tube and withdraw. Release solution into

" a sampling bottle which has been previously rinsed with sample.

Continue to transfer solution to bottle until sufficient liquid

is collected for analysis. Solution should be taken from several
sections of tank.

Allow sample to cool to room temperature before analysis, except in
cases where solids may precipitate out. In this case, keep sample
just warm enough to retain SOlldS in solution.

After the analysis is complete, the sample bottle should be capped °
and the sample retained until a new sample of the same solutiom

-is taken. This is to allow a recheck of the analytical results

if the need should arise.. ,

.6k
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4.2

Directive No.: 35~1

4. Analysis of Alkaline Cleaner Solutions

Turco 4215 (Preclean)

4.1.1

4.1.2

4.1.3

4.1.4

Pipet 10 ml of sample into a 250 ml flask. Add 100 ml of deionized
water. :

Add 5 - 10 drops of Methyl Orange Indicator and titrate with- 1N Sulfuric
Acid (H SOA) to reddish orange end-point.

-Reactions:

-2
20H + H2804 - SO4 + ?HZO

Calculations:

ml x 2.40 = oz/gal of Turco 4215

MacDermids Metalex W Special

4.2.1

.' 4.‘2.2

. 4.2.3

) 4. 2.4

Pipet 10 ml of sample into a 250 ml flask. Add 50 ml of deionized
water. S '

Add 3 - 5 drops. of Phenolphthalein Indicator and titrate with 1N
Sulfuric Acid (H 804) to dlsappearance of pink colorz.
Reactions:
-2
20H + HZSO4 -~ SO4 f ZHZQ

Calculations:

ml x 1.35 = oz/gai of MAcDermids,MEtélex W Speciél
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Analysis of Deoxidizer and Etch Solutions

5.1 Turco Nitradd/Nitric Acid Deoxidizer

5 1.1 Nitric Acid

S5.1.2

5.1.1.1
5.1.1,2

5.1.1.3

*5‘1-1.4

Nitradd

5.1.2.1

5.1.2.2

. 5.1.2.3

'.';-50102-4

- 541.2.5

. 5.1.2.6

Pipet 2 ml of sample into a 400 ml beaker containlng 100 ml -
of deionized water.

Titrate with O.5N Sodlum Hydroxxde (NaOH) to a pH of 4 0
using a pH meter,

Reactions:
HNO3 4+ NaOH > NaNO3 + HZO

Calculations:

ml x 1.624 = % by Vol. of Nitric Acid (69%)

Pipet 2 ml of sample into a 250 ml flask containing 50 ml
of deionized water. Pipet in 1 ml of Indicator B,

Slowly add 1N Sodium Hydroxide (NaOH) dropwise until color

just changes to yellow-orange.

Pipet in 0.5 ml of Indicator A and add 20 ml of Nltradd
Buffer Solution.

Titrate with O. 1N Thorlum Nitrate (Th(NO )4) to flrst
definite plnk color.

Reactions:
4F + 'I‘h(NO3)4 ----a"TI:zI‘*‘[.r +j4N03

Calculations:

ml x°2.00 = % by Vol. of Nitradd

6m
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5.2 Turco Aluminetch #3

5.2.1 Pipet 10 ml of séﬁple
water.,

into a 250 ml flask. Add 30 ml of deionized

5.2.2 Add 5-10 drops of Phenolphthalein Indicator and titrate with 1N Sulfuric
Acid (H2804) to disappearance of pink color. Record as titration A.

5.2.3 Add approximately 2g of Sodium Fluoride (NaF) and swirl to dissolve
(pink color should return). Continue titration to disappearance of
pink color. Record total ml used .as titration B.

5.2.4 Reactions:

2 274 2 4

. " 2A10,” + H,SO, + 2H 0 -+ 2A1 (OH) 4+ + 50,2

AL(OH), + 6NaF —> Na,AIF, + 3NaOH

2NaOH + H2$94‘ -~ NaZSO4 + 2H20

5.2.,5 Calculations:

il

(A - 1/3 (B-A)) x 1.25 = oz/gal of Aluminetch #3

- (B-A) x 0.012

it

oz/gal of Aluminum (A1)

6n
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5.3 Sulfuric Acid Etch

5.3.1 Pipet 5 ml of sample into a 250 ml volumetric flask. Dilute to
volume with deionized water.

5.3.2 Pipet 10 ml of diluted sample into a 250 ml flask. Add 50 ml of
deionized water. ' :

5.3.3" Add 5-10 drops of Methyl Orange Indicator and titrate with 0.1N
Sod{ium Hydroxide (NaOH) to yellow end-point.

5.3.4 Reactions:
I-I?_SO4 4+ 2NaOH ~» NaZSO4 -+ ZHZO
5.3.5 Calculations:

ml x 1.39 = % by Vol. of Sulfuric Acid (96% HZSO4)
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6.1 Tufco‘Alumigold

Directive NO.3, el

Analysis of Conversion Coating Solutions

6.1.1, Alumigold

. 6. 1 1.1

6.1.1.2

6.1.1.3

6.1.1.4

6.1.1.5
6.1.2 pH
6.1.2'1

6.2 TIridite 14-2

6.2.1 Iridite

6.2.1.1

60.2'0 1.2

6.2:.1.3

6.2,1.4

Pipet 10 ml of sample dinto a 250 ml flask. Add 10 ml of
1:1 Sulfuric Acid (HZSO ) and dilute to 100 ml with de-

ionized water.’

"Add 1-2g of Potassium Iodide (KI) and swirl to dissolve.

Stopper flask and allow to stand five (5) minutes.

Titrate with 0.1N Sodium fhiosulfate (Na2 9 3) until

endpoint is- near (greenish-yellow). Add"1-3"ml of Starch
Indicator and continue titration to disappearance of dark

coloratlon.

Reactions:

0:207'2 + 9KI +‘14H+';» 26 4 31, + K" + 7H,0°

4

=2

1. + 2Na.S.0, — 31 48,0 % 4 inat

. 3 2°273 476

Calculatlons:

ml x 0.110 = oz./galﬂpof Alumigold

Measure pH of sample at room temperature using an electro—
metric pH meter.

Pipet 10 ml of sample'into a 250 ml flask. ' Add 10 ml of
1:1 Sulfuric Acid <H2804) and dilute to 100 ml with de-

_ionized water.

Add 1-2g of Potassium Iodide (KI) and swirl to dissolve.
Stopper flask and allow to stand five (5) mlnutes..

Titrate with 0.1N Sodium Thiosulfate (Naz 203) until

endpoint is near (greenlsh-yellow) Add"1=3"ml of Starch
Indicator and continue titration to disappearance of dark
coloration.

~
»

Reactions: ) ') :
-2 -
or,0,% + 9Kt + 1’ — 2657 4 31,7 okt + 7m0
I, + 2Na,$.0, —» 51' +5,0."% & tyat
3 2°2"3 BRHERNA a
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- 6.2.1.5 Calculations :
ml x 0.081 = oz./gall of Iridite 14-2
6.2.2 pH |

6.2.2.1. Measure pH of sample-at room temperature using an'elgc-
trométric pH meter, :
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‘7. Water Analysis

7.1 Total Hardness

7.2

7.1.1 Pipet 100 ml of sample into a clean 250 ml flask which has been
' rinsed with dmstllled water (not deionized). . ;

7.1.2 Add 5 ml of concentrated Ammonium Hydroxmde (NH, OH) and a2pprox=
imately 0.2g of Eriochrome Black T Indxcator Mixture (EBT).
Swirl to dissolve.

7.1.3 Titrate with 0,02N EDTA to blue end-point.

7.1.4 Reactions:

cat? 4+ EBT —» Ca - EBT 2 (red)

Ca - EBT'Z + EDTA™2 —» Ca - EDTA -+ EBT (blue)
7.1.5 Calculations: '

ml x 10,0 = ppm of Calcium Carbonate (CaCOB) ;

Chloride ’

7.2.1 Place approximately 100 ml of sample into a 250 ml flask that
has been rinsed with distilled water (not deionized).

7.2.2 Add 10 ml of 1:1 Nitric Acid (HNOB) and approximately 5 ml of

7.3

0.1N Silver Nitrate (AgNOB).

7.2.3 Mix solution thoroughly and ‘examine against a strong light,
A white turbidity indicates the presence of chloride.

pH

7.3.1;, Measure pHvof sample using.an electrometric pH meter.

6
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Y
VOID REPAIR PROCEDURE, # 7056-1 S
' X L RN ,_v.T‘ C o . )
te t, :" e,

’ : o " . 'l .?;;' 3 ) : )

. SCOPE: : : N oy

'y - - g H * +

This specification describes the procedure for repairing voida in the o
bond lines on NASA Solar, Simulator Mirrors; C S oy

" ) 1 -,
1 : .
. ) ‘
A ' t
- . . § 1
. 1 1 b ;
" . . 1
N . ' ceeid
..\”‘ P .

Z.RESPONSIBILITIES. S P

The Bonding Group, under Component Production Seccion is responaible. 15
Process Control will monitor the operation. ; = ) TP

: -
SRR v o S T
© GENERAL: , . SRR
t “ 1'\'3 . : o .-'

}, This is a critical process and must be rigorously controlled.,m

I in required that Lthis procedure be strictly followed._ g ;

o
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: Note: All equipment must be free from epoxy, dust and grease.

6

7.

IORRENE N

8.
9.

10.

OPERATIONAL FROCEDURE:

* void area. L, , o

Take a cotton swab moistened with 200 proof alcohol and swab out the

S
“rub the void area to remove dust and greasé, o

12/30/66

VOID REPAIR
* EXTERNAL VOIDS

B A

. EQULPMENT/MATERIAL

- le Woodcarving tools and dental tools {f;:
f;2. 1 inch masking tape

53. Eye dropper or alr injection gun

Tongue depressor and unwaxed 16 oz. Dixie cup

Shell 828/DTA (Diethylentriamine) mixture:
50 grams Shell 828 to 7 grams' D.T.A.’

- Cover, the mirror surface with Polyethelene film to keep any foreign matter

from scratching or staining.it, (except No. 2 and 3 mirrors turn reflective

“face dowvn in min 1 inch bed of clean absorbent cotton)

o M
‘,o

Locate void, then with a small file gently file the epoxy surrounding the'f
.void to attain ‘@ good bonding surface, ; L

With an air hose blow all of the filings and dust from the void and

void to further remove any dust or grease.

Take a clean paper towel moistened with 200 proof alcohol and gently
Mask off the void area to keep the excess epoxy off of the casting and
nickel replica.

After the part has been masked off take a clean ﬁaper towel and moisten
with 200 proof alcohol and gently rub the void area to remove any dust
or grease left by finger prints when the part was being masked,

With an air hose blow out thé void to dry excess alcohol,

With a calibrated scale measure out the specified mixture of Shell 828/DTA.

Stir the mixture slowly until it is thoroughly mixed,

Using an eye dropper or air injection gun shoot the’mixturg into the void,

PR

s e
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© 12/30/66
: EXTERNAL voxns (CONTINUED)

,11. With a small pointed tool tamp the mixture into the void making sure
S there are no air bubbles.

LN
v

12, _After the mixture has set up for two hours remove the masking tape. "

i}3.lfAfter the mixture has cured for six to eight houra ramove all- exceaa 4.
e epoxy with wood carying toola or dental tools.‘v sy

i \ . o L o ‘.&L‘ '
Rl S r.; L i ; gaer e e

., : ,
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PROCESS SPECIFICATION NO, OT 1000

Detail Test Procedure for NASA Optical Train Reflectors

25 April 1967

PURPOSE

This document is to prescribe the procedure to be used in the Optical
Test and Acceptance of the NASA Optical Train Reflectors,

RESPONSIBILITIES

Optical Test will be performed by the Production Grcdp of.the Components
Production Section, Process Control will monitor the test,

GENERAL

This document will be used in the Optical Test and Acceptance of the
following reflectors:

PART NUMBER DESCRIPTION IDENTIFICATION
614331 Primary Reflector Collector Reflector No, 1
(See Appendix 1)
614577 Secondary Reflector Collector Reflector No, 2
(See Appendix 2)
614576 Secondary Reflector Collimator  Reflector No, 3
(See Appendix 3)
614320 Primary Reflector. Collimator Reflector No. 4

(See Appendix 4)

OPERATIONAL PROCEDURE

Prescribed in Appendix,

Revised 25 April 1967



Refiocteor Polding Pixture sod Jupport uwiy heviag horisontal, wertical,
focss, arimch, sud slevation sdjustments, B3OS Print o, P1-11835, ;

Light Gcures - Beusch and losb 71-71-44 Lamp (2,35 Voltr), For foosl lesghh
sdivstment, lewrp should e measursd woder megnification te estsblish dimmse
sz frou conter of flloment to cute.de of glasa suwelope, IC Mower Supply
Smll ¥,

Light Bource Bupport = Hiecre Mmmipulal.r Model MP1, Cataleg B, 30-51-10,
having horivomtal  sertical and focus cdjustments, ead photegrephic tripod,

Thsoretical deplacements targat bare, showicg vominal rheceetizal dis~

placements and + dispincementc sliowed, wHouat on to fiash target with

eoncanteric rings for aligmment purposas,

Siotted Lirvor Fsce Masks,

Baticle Plate for locatin »ot face meaks,

Birver Mowstin, Standoffs,

¥ocal langth Pixture 74 set of {nside micromsters,

Oenplite box cawers and poloroid film pack, (
Preparsiion for the test Tequiree & tzrget flat withim

4 ,12%° plus perpendicularity to the fioor withis
4 .125" plus & flcor canter lias perpandicuisr 20 target

Mount standoffs 120° apart oa back of asee®led wirror casting.

Bolir sivror sssembly to aupport sasesbly spider,

Inztall reticis plate {to locare om casting I, D, and reticlos
in reticle plate to match raticles {m wirvor), Thie estsblichas
canter of mliror, Match of reticies to be w8 sccurate 28 possibis,

Placs slotted fac- sadke on center locating stud of veticle plate
and Ly on xeflec : 6 gurface of vivyryr (0 x 20d ¥ ax ., Raticle
2arke determine axie, Masis ohould be om a fiat pleas frem stud
o fire: test dizetar of 7k, The wesk should lay tlat eloeg
the ccatour of the mirror,

Canter the support srsmebly u the {loor camter ifma,




Wount wirvor theoreticsl targat !m: o8 flash turget mm ﬂm

?lace mirror theoretissl vertex 150° 4+ 1/16" from the theorstisal
ber, on the eptical sznis (cester of target to mivree

theorstisel wertex), Mount focul leagth fixturs cm mivrox sed

mnﬁ&zmmmammmmumzmﬁwm.

Place light source on the cptical exts, waing fosal length fixture
1y 12,125" from mirror theoretical weartex, Focal lemgih
toloranes 12,125 + 1/16", Darken room,

Concsotrically slign project#d flash 2o a concentrie ring on flash
terget (msisg x, y. &, asimsth and elevatiow coutrels of mirrer
support and ligb: source), Check for flash sbuormmities: {, s,
distorticn, twesks, bomdimg woid, elc,

1.10 By focucing, sdivetisg esimuth end slavaticm ou mizror suppurt
sssexbly snd 1{ght source, gain the dest sverage reflected mask
slot iuags (ax 2ll cest diameters) is comparisca te theerstical
target bar,

m’ Mirror theoreticel vertex to target and focal lemsth
_ dimsasions mest be Temsasured ead/or re-sstadliched

- WMMW

%m
*ilwmwtﬂm mmmmmm«m
dﬁzw«amwmm. Chack to soe that 211 images are
withis opecifications, dNecours mioste deviatiea of wivrer s
mwwm«mmmgm‘

%WM%“ A e———

X:ﬁuMasmammmmmamwm ”
" shest, tinal optical tast, tw: (1) pleturse sve vequited,

Teet to specificetion  Coniract NAS 9-5805 - Statement of Work Exnibit e
Meesytance of mizvor #ill bs wztht;a the following:
Pocal Length - i1.12% + 1/16

Mloute Devietion - 4 & minutes of theoretical ..ope
Optical test methcd secusacy i3 + 1.0 wmia, of ¢lope,
Tiosl Ootioal Teoty ave to be witreseed by Quality iceurssce inspesction,

tevised 18 Octaber 14960
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APPENDIX 2
OFTICAL TEST P R NO
IZST EGUIPHENT REQUIRED

1, Reflector Holding Fixture and Support Assembly having borizontal,
vertical, focus,aziouth, and elevation adjustments, EOS Print No, 91-11833,

2. 7PTrofectiom Light faurce, Sylvasia ASA Cods FAV 100 Wat¢s (11.0 Voltse),
Miczescope Cbjective leas 3 ,5; 1 ¢ l,;,o,‘o‘m Powey Supply O-12 ¥Yoltse.

3. Light Zource Support - mcre unipuhtoc Model MPI1, Cetaq Ne, 30-351-10,
having hoxizomtal, wverticle, ead focus &djustments,

4, Thectetical dieplacemsnts target bazs, shoviag noximal thecreticsl
displacements and + displacecents allowed, Hount on to flash target
with concentric rings for alignment purroszess,

5. Slotted Mirtor Face Masks,
6, Reticle Plate for locating mirror facs mssks.
7. MNMirror Hounting Btandoffs,
‘m: Praparation for the test raguires a target flat within
+ 125" plus perpendicularity to the floor within

+ 125" plus a floor center line perpendicular tc
ttrgot within + 0625,

1.0 DETAJL TEST TECHNIQUKY
1.1 Mount standoffs cu back of assembled mirzor casting.

1.2 Bolt uirror assembly to support assenbly spider,

1.3 1Install reticle plste (to locate om casting I, D, and reticles in
reticiz plate to match reticles is mirror), This establishes
center of mirror, The mztch of resticles 2o be as a2 :curate as
possible,

1,6 Plaze slotted face masks 03 center locating stud of reticle
plate and lay on reflective surface of wirvor {a . and y axis,
Reticle marks determing axie, Maske chould be a straight line
from ¢tud to first test dianeter of mask, The mask should lay
flat along the contour of the mirror,

1,5 Center the :pneort sssenbly cn tha flooxr certer line,
1,5 Munt wirror thecroticel targest c»atericg pia,
1,7 Piace mirror ‘. sretical vartex 100" + 1/16" frum the theorstical

tzrget bar, La tne optical axis (center of target to mirrer
tLeoretical vertax),

11



1.8 Place light source on the optical axis, using focal lemgth fixture
approximately 73,0" from mirrcr theorstical wertex, Joeal leagth
tolezance 75,0 1 1/1§", Darken room,

1.9 Concentrically aliim projected flash to a comceatyric rimg ea flash
tacgst (using x, ¥, £, asisxth, and elevatioa coutrols of sirvor
support aad light aourcs), Check for flash abmersalities; {, e,,
di{stortien, tweaks, etc,

1,10 By focusing, sdjusting aximuth and elevation oa mirror

supyport
sgeembly and light source, gaian ths best aversge reflected mask
slot {mage (st all test diamsters) iz conparissu to thesvetical

targat bar, -

1,11 Examins reflected images, draw peactil lime through ceater of image
of all diameters, Check to see that all images ars withia spece,
Msasure uioute deviation 9f mirror on target bar (peacil line to

oowinal theoretical loca.ions) and record cn correspoading data
shest,

JIREOR O, 2
OVLTICAL TEST RPECIIICAYIONE
A, Test to specificatiodec.Contract NAS 9-5805 - Statement of Work Exhibit "C"
B, Accaptence of mixror will be within the followiag:
Yocal Langth - -75,. 0" + i/16°

Miocte Deviatious - £+ 3-1/2 uinutes of theovstical slope
C. Optical Test wsthod accuracy f{s + 1.0 min, of slope,
Fisal Optical Tests are to be witnessed by Quality Assurssce Inspectios,

Kevised 18 October 1906

12
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APPIRUDLX 3
OPTICAL TEST PROCIDURE MIRRUR NO, 3

FEST _RBQUIPMINT REQUIRED

1.0

Test dench,

Clear Bafety Glasses (persornmal eyc protection),

Test lfight source using Sylvanis F15T8BL tubes and having a light
diffuser,

Two-inch optiéal check plate vwith x, y grid markings (nominsl
spherical radius of the replica),

IEST TECHNIQURS

1.1
1,2
1.3

1.5

Placs the adrror on the test bench under the test light ssurcs,

Check plate and mitrror must be clean,

Apply the check plats on an x band and y band and at overlapping

iatervals being certain that none of the area rapresenting a
cross 2" wide will gc unchecked,

Usa the check plate as follows to calculate uniforwnity of curve,

1.4,1

1,6,2

1.4,3

Turn the check plate carefuliy to sliga the diaswter of
the check plate with the frings lines causing a fringe
1{ine t» begin and 2nd at the extremss of the dismster,

If the fringe line is tent count the number of lines
ciossiag the cdiameter line from the extreme to center,
This {s th¢ uumber of fringes,

Maximum devistion of + 30 seconds squals 16,6 fringes,
vhen terted with the opiical check plate having tha
same xsd’1e of curvature as the replica, (iOTR: Ths
use of .uitlonal check plates of varying radi{ vithin
the alloucbla radii tolerance for the veplica may be
requiraed,)

Record the fringe count nunmber in the pattern arsaa described
in 1,4,2,

Revised 18 October 19er
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'MIRROR #3

Test to specification = Contract NAS 9-5805 Statement of Work

Exhibit "'C"

Acceptance will be within the following!?
Focal Length - Not Applicable R = 24,867

Minute deviation + % minutes of theoretical slope,

Optical test method accuracy approximately & fringes,

Revised 18 October 1966

l4a



APPENDIX &4
OPTICAL TEST PROCEDURE REFLECTOR KO. 4

TEST EQUIPMENT REQUIRED

1. Reflector Holding Fixture and Support Assembly, having horizontal,
vertical, focus, azimuth, and elevation adjustments, EOS Drawing
No, 91-11855, ’

2, Projection Light Source, Sylvania ASA Code FAV 100 Watts (11,0 Volts),
Microscope Objective Lens 40X N, A, 0,65, DC Power Supply 0-12 Volts,

3. Light Source Support - Micro Manipulator Model MP1l, Catalog No, 30-51-10,
having horizontal, vertical, and focus adjustments, '

4, Theoretical displacements target bars, showing nominal theoretical
displacements and + displacements allowed, Mount to flash target
screen,

5, Slotted Mirror Face Masks.

6., Reticle plate for locating mirror face masks,

7, Mirror mounting standoffs,

8, Focal length fixture and set of inside micrometers,

9, Graphic camera and poloroid film pack,

10, Grid Mask (2 inch square pattern),

NOTE: Preparation for the test requires a target flat within + ,125"
plus perpendicularity to the floor within + ,125" plus a floor

center line perpendicular to target within + ,0625, Target
should have concentric rings for alignment purposes,

1,0 DETAIL TEST PROCEDURE

1,1 Mount standoffs on back of assembled mirror casting,
1,2 Bolt wmirror assembly to support assémbly,

NOTE: Orient the top of the wirror {slot has mounting holes in
flange) at the top,

1.3 1Install reticle plate (to locate on casting I, D. and reticle in
reticle plate to match reticles in mirror)., This establishes
center of mirror, Match of reticles to be as accurate as possible,

1.4 Place light source on the optical axis using focal 1ength fixture
approximately 35,5" from mirror theoretical vertex, Focal length
tolerance 35,5" + 1/16", Operate the light source and darken room,

15
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1.5 Concentrically align projected flash to a concentric ring on
the 150" flash target (using x, y, z, azimuth, and elevation
controls of mirror support and light source),

1.6 Install the 2 inch square grid at the theoretical focal length,

Take three (3) photographs at the 150" range and two (2) photo-
graphs at the 360" range,

NOTE: Clear sharp photos are necessary in the following steps,

1.7 ©Place slotted face masks on center locating stud of reticle plate

B and lay on reflective surface of mirror in x and y axis, Reticle
marks determine axis. Mask should be a straight line from stud to
first test diameter of mask, The mask should lay flat along the
contour of the mirror,

1.8 Mount mirror theoretical target bar on 150" flash target centering pin,

1.9 By focuslng’ ad_]ust]_ng azimuth and elevation on mirror support assembly
and light source, gain the best average reflected mask slot image (at
all test diameters) in comparison to theoretical target bar, Use the
360" flash photo as a guide to determine abnormalities, ZLook for curves
or wavy grid lines, bright spots, dark spots, which will be tested in
addition to the x and y axis, All additional test locations will be
noted on one of the 150" flash photos, All additional test locations
will be numbered clockwise looking at the face of the mirror and
marked counterclockwise on one of the 150" flash photos, Move the
slot mask to the selected positiens to prove these areas are within
specification,

1,10 If the examination shows the unit is acceptable record data for the
x~y axis and all additional test diameters by orienting the target
bar to coincide with the slot mask locations, Mark the center of
the reflected image on the target bar and record the data on the
data sheet,

1,11 Complete the data package by making two (2) complete sets of data
consisting of one (1) 150" flash photo, one (1) 360" flash photo,
one (1) 150" flash photo showing additional test location notes, and
all test data sheets,

NOTE: Second marked 150" flash photo may be a Xerox copy.
MIRROR NO, 4
OPTICAL TEST SPECIFICATIONS
Test to specification Contract.NAS9-5805 Statement of Work Exhibit (',

Acceptance of mirror will be within the following:
Focal Length 35.5" + 1/16"
Minute Deviation + 5 minute of theoretical slope

Optical test method accuracy is + 1,5 minute of slope,
16
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Directive No,: 110-1

Revision No,: Original

Date: 12 December 1966
Prepared by: W. McCrary

Approved by: QJ-&‘

CORROSION RETARDENT COATING FOR ALUMINUM CASTINGS

Purpose: This directive provides the material specification, use and
application of materials used to minimize or retard corrosion
of aluminum on internal water coolant channels,

Use: NASA Solar Simulator Mirror Nos., 1 and 2

‘Responsibility: Solar Simulator Program Office

Description: CS 2602 is a two component polyurethane coating which cures
.~ at normal temperatures to a tough, long wearing, and abrasion

resistdnt coating, CS 2602 is a glass-like coating which is
resistant to chemicals, weathering, and extremes in temperatures,
Properly applied CS 2602 is highly resistant to staining,
chalking, cracking, oxidizing, crazing, and peeling. CS 2602
is a non-toxic, germ-free, inert coating which will not sustain
fungus growth, :

1.0 Data

Application Properties

Color White

Mixing Ratio Base Compound: Curing Agent 3: 1 by volume
Shelf Life One Year (Unopened Container)

Flash Point Above 90°F

Application Life 12 Hours

Tack~free Time 2 Hours

Time for Full Cure 3 - 5 Days
Coverage per gallon 650 square feet
(1% mils)

Cured Properties

Hardness 68 Sward Rocker
Chemical Resistance " Excellent
Weather Resistance Excellent

Abrasion Resistance Compared to Other Materials

CS 2602 36,6
Vinyl 90

Epoxy 185
Chlorinated Rubber 210

NOTE: Determinati?ns were based on Average Taber Abrasion Index. The
numbers indicate the milligrams of weight loss per 1000 revolutions
using the CS 17 wheel and a 1000 gram load,
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.2.0

3.0

4,0

5.0

6.0

Directive No,: 110-1 .
Date: 12 December 196
Page two

Surface Preparation

1. Flush the casting using commerical grade acetone. Changes of solution
will be made until casting flows freely and effluent solvent is free
of metal chips, discoloration, etc,

NOTE: Casting water flow rate must meet drawing specifications,

2, Air dry the casting until it 'is free of solvent,

Mixing Instructions

Thorough mixing is essgntial to obtain a cured coating, If prevailing
temperatures exceed 90 F, storage and mixing should be in a cool area
since elevated temperatures will redgce the application life, If
prevailing temperatures are below 65 F, CS 9936 Speed Cure must be used,

The following procedure should be followed:

1, Transfer all of the curing agent into the base compound container
and mix until a thorough blend is obtained,

2, Allow to stand 15 minutes before using,
3, For lesser amounts, mix three (3) parts of base compound to one (1)
part of curing agent by volume, Caution: Keep all containers

tightly sealed,

Application Instructions

1. Introduce mixed CS 2602 into casting with pumping station until
material flows freely with no evidence of entrapped air.

2. Remove excess paint from casting,

Cure

The rate of cure is affected by temperature and humidity. The rate of
cure may be accelerated by heating, €8 2602 will achieve full cure
under ,conditions in 3 to 5 days,

1f a faster tack-free and cure time is desired, CS 9936 Speed Cure is
recommended, The use of CS 9936 Speed Cure is not detrimental to the

properties of CS 2602,

Moisture Contamination

CS 2602 is extremely moisture sensitive, Adequate precautions must be
taken to prevent moisture contamination from improperly cleaned surface
and equipment, )
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7.0

8.0

Directive No,: 110-1
Date: 12 December 196
Page three

Cleaning

- CS 2602 should be removed from equipment and tools with CS 9900 Cleaner

before the coating cures, Cured coating may be removed from equipment
by soaking in CS 9900 Cleaner and scrubbing,

Storage Life

CS 2602 may be stored for one year below 80°F in the original unopened
containers without deterioration of the usefulness of performance
properties of the cured materials,
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1.0

2.0

3.0

4.0

3.0

TITLY_ m.mrs.‘ Froat furface TASCTCS STLCIFTC.ATTON OT 45-1
- Coatinox

GRICIR TR R, Frank REVISTCY

CHECEED DATE 12 Mcy 1966

-~ Vs

APPROVTD PROCESS CONTROL 47 o - .
APPRCVED ENGIECERIRG

This specilication covars the vacuun deposition of high meflectance films
on slectroformed optical slecsuls,

SYPESTIVIY]

2.1 This specification beccoes effective on the date of fesuance, MNo

deviatione or changes stall be permitted wvithout the written
suthorization of the Oat{.:zl Irain Program Cffice.

APPLIGATION

3.1

The requirements of this specification shall apply to all vacuum
deposition of filng on Optical Train electroformed optical elements
asuigred by the Production Section,

DOCTMENTATION

Each class of elexent for vhiek & manifacturing order is issued s=:ll have 2

Vecuum Deposition Prcduction Outline preparad and maintained {n the file
of the Vacuum Deposition Laboratory, ZThe vacutm Depositicn Production
Outline shall be considared a part of this specification ss applied to
the specific class of alement involved and {t will be trested as EOS
Private Dsts,

CLEANING AND STRIPPYRG

3.1

5.2

Ceneral cleening will be performad on all replicas pricr to costing,
Spectal cleaning techniques may also te required as fndicated by the
Production Outline, GCaneral cleaning wvill consist of epray rinsing
to re=ove loose particles, then geatle washing with absorbeat cotten
and a non-ionic detergent, followed by a thorough rinzing with
distilled water. All surfoceg, not just the areas to bes coaled, will
be cleaned L€ practical,

Replicas receiveid with the silver sensitizing film {ntact will bda
stripped immediately following general cleaninz, Stripping will

be accomplished with cne of Electro-Opticcl Systews propristary
so-utfons for Gilssolvine eilver, These solutions vary ir compositioa
according to the tyre and nature of the surfac: to be stripped,

The Production Outlioa will indicate the foroula co be used,

18
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S.3 Silver stripping with the apprepriate solutfon. may be aceooplished
by immoreion, flushing, epray or wiping as indicated by the
production outline, This cperation shall dbe foliowed by a wiping
rinse using distilled vater and adsorbsnt cotten, then flooding
vith distililed water,

5.4 After the clzaning and stripping operations ii~sve been completed,
the replica shall be flushed with 230 proof ethyl alcchol, drained
slightly and gentiy wiped with adbsorbemt pcper towels,

5.5 The replicas shall be piaced in the vazuum system as quickly as
poasibla after the cOowpletion of ths cleaning, etripping, and
drying operations, Ir no casa, chall this waiting period ezceed
one (1) hour sad the replicas must be protected froa atmosphsric
contaninaticon during the waiting pertied,

6.0 ¥ACUTM DEROSTTION

6.1 Prepared replicas shall be rlaced in the system {n the arraage-
went indicated fuo the Productioa Outlime, Remove all dust
particles from the optical surface using a gentls stream
of dry nitrogen,

6.2 Haintain ths nicrogea stream scross the surfece as long as
poseible witle closing the gystem, Exhaust the plant as
rapidly as pcasible,

6.3 Ounce puxping has begun, it will be necessary to refar to the
specific lastructions of the Productiocn Outline for glow,
discharge, cleaning and evaporation procadures, Such
procedures are axtremely critical and vary spscific for each
cass and are beyond tha scope of the general processes
specified in this docuzent,

6,4 Upon completion of the deposition, a period shall be allowed
for cooling the sources before theregpressurization of the vacuum svstem, This
cooling period shall be a minimm of one half the dsposttion
time of the last £ilm condensed on the replica, Pollowing
the <ooling period, slovly adzit atir to the syatem, opea the
chsober and remove the replica,

6.3 Allow coated repliicas to cocl to room temperature and visually
fospect prior to submiszeion for precess {napectiom,

1.0 FINAL ACCEPTARCR

7.1 All coated replicas mmuet be submitted to the Process Conmtrel
Group for coating aceceptancs,

7,2 BReplicas failing to meet acceptance requirements shal. havs
re ‘action dorumente {esued against them, They shall be
removed to a holding area by the procegs control sroup uwntil uritten
dispesition is furnished by the Opticel Train Program Office,

19
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EXHIBIT C

SPECIFICATION FOR MSC SOLAR SIMULATOR MiRRORS

1, - SCOPE

This specification covers the requirements for the design fabrication,
testing, acceptance, and shipment of four (4) electroformed reflectors used
for each solar simulator module, The acceptance test may be made after the
reflector is assembled into the final collector or collimator assembly,
2, APPLICABLE DOCUMENTS

The following drawings with this speéification will be the sole documents

for acceptance of each electroformed solar reflector,

Drawings Reflector No,
EOS P/N 91-11927 1 Primary Collector

EOS P/N 91-11880 2 Secondary Collector
EOS P/N 91-11856 3 .2~ Secondary Collimator
EOS P/N 614320 4

3,  REQUIREMENTS

Collimator Mirror

The four (4) solar simulator reflectors shall be in accordance with
Drawings 91-11927, 91-11880, 91-11856, 614320 as currently modified and
specified herein Reflectors No, 1 and No, 4 shall be fabricated for
positive cooling water sealant without use of bonding techniques, The
contractor shall minimize corrosion in all reflector coolant water channels,

3.1 Coatings

3.1,1 Coating Reflectivity

Each electroformed nickel mirror will be coated with a
barrier coat of Chromium and SiO, aluminized, and then overcoated
with highly oxidi;ed Si0, The refléctivity will be measured as
follows: The contractor will supply MSC twelve (12) representative
sample- coatings on glass slides, MSC will test all twelve (12)
samples and return six (6) of these samples to the contractor as
standards, $Six samples will be retained by MSC as standards,

During the actual coating operations, two (2) glass slides
positioned at the O, D, and I, D. of each mirror, will be included
with each production mirror so that the coating applied to the
reflector will aiso be applied to the slides and be representative

of the uniformity of coating throughout the mirror,
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These slides will then be cowmpared to the returned standard
slides, The comparison will be accomplished by the vendor using a
Beckman Model DU spectrophotometer or equal, A specular reflectivity
reading will be made at approximately 380, 550, and 850 millimicrons,

The measured reflectivity of the production sample shall not be more

“than 2% below the reflectivity of the "standard" (average for the

six samples) slide for the wavelength tested, (+ 2% is the nominal
inherent accuracy of the instrument-operator measurement system,

3.1,2 Coating Adhesion

Coatings shall be firmly adherent and shall not be removed
when subjected to cleaning procedures as set forth in Section 6,2,1
of this Specification,

Reflector Figure

The contractor shall supply or arrange for the supply of all masters
and submasters from which the replica mirrors will be made, The
following deviations or figure tolerances for the final replica
mirrors will be allowed from the theoretical optical figures as
shown in Chart II of Exhibit B,
a, Primary Collector, Drawing No, 91-11927 slope error +
4 min, of arc from the theoretical figure,
b, Secondary Collector, Drawing No, 91-11880 slope error
+ 3-1/2 min of arc from the theoretical figure,
¢, Secondary Collimator, Drawing No, 91-11856 + 30 sec,
of arc from the theoretical figure,
d, Primary Collimator, Drawing No, 614320 + 5 min, of arc
from the theoretical figure, ‘
Masters shall be oversized minimum of final mirror dimensions +
2 in, radius outside, -2 in, radius inside, A slight distortion
exceeding the above noted tolerances ﬁay be present at inner and/or
outer edges, These areas shall not be included when inspecting for
optical figure,
3.2,1 Tooling
A specific test technique will be used for testing each of
the 4 configurations of production mirrors, Two (2) identical sets
of test equipment will be fabricated by the contractor and compared
for accuracy and reproducibility, MSC will inspect test equipment,
select and transport one (1) set to NASA, MSC facility for comparative
test purposes, The 2nd set will be rétéined by the contractor for

production and acceptance testing, Where applicable, the contractor
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shall utilize equipment already developed for NASA Contract NAS 9-1097,
3,2,2 Test Method

Each mirror shall be tested before shipment to MSC for proof
of compliance with the requirements for reflector figure (Section
3,2)., Tests will be performed by EOS personnel, The test techniques
will be similar in nature, but, because of the difference in
configuration and optical characteristics of the four (4) mirrors
in question, each test will differ in detail for mirrors #1, #2
and # ., The tests will consist of mounting the mirror to be tested
on a holding fixture which has the capability of linear movement in
the x and y planes as well as azimuth and elevation movement, A
point light source shall be located on a device which is capable of
adjustment in the x, y, and z planes and positioned in front of and
on the optical axis of the mirror being tested, The system shall be
adjusted such that the energy from the source shall be reflected by
the mirror onto a target plane, The target plane shall be suitably
marked and positioned in conjunction with the aforementioned
adjustments of the mirror support and light source so that an
illuminated pattern of axial symmetry can be achieved, A grid or
mask will be interposed in the light beam between the sourcesg and
the mirror or against the surface of the mirror, as the particular
mirror configuration requires, in such a manner that the pattern of
the grid or mask will be projected on the target area,

The test ghall consist of a comparison between the projected
patterns (as observed on the target) of the replica production mirror
and the theoretical data points from which the replica mirror was
made, Allowable angular slope errors shall Ee mathemetically
calculated by determining the deviation in beam position at the
target plane and the distance between grid or mask and target plane,
The grid or mask shall provide for comparison'of the replica, with
the theoretical data points acrosd at least two (2) full diameters,
90° to each other (x and y axis), Mask hole spacings or grid
spacing shail allow for diametrical examination of the usable
mirror surface at intervals not exceeding 1/2" for mirrors Nos,

1, 2 and 3 and 1" intervals for mirror No, 4,

In application, the target pattern, based on the theoretical

data will be permanently recorded on the respective target areas and

the allowable beam deviations associated with each of the individual
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slope error tolerances as moted in Section 3,2 a, b, c, and d,
will be marked on the targets, The tests for the No, 3 mirror
shall be by conventional optical test plate techniques using a
two (2) inch diameter test plate,

3.2,3 Tolerances and Surface Defects

3,2,3.1 Additionally, 1% of the usable surface area of
each mirror may exceed the tolerances listed above
provided thatkno single defect sha}l have an area greater
than 1/10 of 1% for Mirrors No, 1,72, and 3 and 1/20 of 1%
for Mirror No, 4, Areas effected by edge sealing of
coatings and/or non-usable inside diameters and outside
diameters, as previously defined during the course of the
contract, shall not be included in the 1% allowance,
3,2,3,2 Additionally, for Mirrors No, 1, 2 and 4, a
photograph of the projected "flash" will be made where
+feasible, If apparent abnormalties are noticed, the
mirrors will be repositioned and the prescribed tests
will be performed to include the questionable areas,
Mirrors will be acceptable if the measured deviations

do not exceed conditions of Par, 3,2, a, b, ¢, and d

and Pa%, 3,2;3,1.

3.2,3,3 Mirrors No, 1, 2, aﬁd 3 shall have no more than 1% ‘

s
of the surface area which is less than the allowable reflect-
ivity level with further limitations to area as defined in
3.2.3.1 above. Mirror No. four(4) shall have no more than %
of 1% of total area allowable reflectivity degradation except
for an allowable ¥ inch wide band at‘inner and outer edges,

In addition, no single surface defect shall be more than 1/ .50
of 1% of the usable surface afea,

Optical Tolerance and Surface Defects, Attachment 1 to Exhibit
C, dated 20 June 1967, is included herein and attached hereto
and made a part hereof for inspection purposes,"

3.2.3.4 The 1% area allowable for optical slope defects and
the above defined or coating defect areas shall not be,
considered additive, No more than one percent shall be
allowed for the total of both types'bf defects,
3.2.3.5 The presence of mirror surface defects which are

normal to the replicated mirror processes and which are not

obviously the result of poor sorkmanship shall not be cause
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4,

for rejection, Pits and digs replicated from the master
shall not exceed the allowable areas above,

3,3 Operating Characteristics

The reflectors shall not be damaged when subjected to an
operational temperature environment of -280°F to +1500F, énd
P/N 91-11856 and 614320 shall be capable of sustained exposure to a
vacuum not to exceed 1 x 10"7 torr, to a temperature environment
ranging from -280°F to +150°F, and shall withstand shock loads up to
those associated with normal truck and air transportation, without
mechanical failure or loss of opticai figures, provided that neither
the water cooling nor the illumination portion of the overall. Solar
Simulator Module System malfunctions,
QUALITY ASSURANCE PROVISIONS

The contractor is responsible for the performance of all inspections

and test requirements specified herein, Inspections and test of end items

may also be performed at the caontractor's plant by MSC designated personnel,

4,1 Mechanical Inspection

Each reflector shall be in accordance with Draﬁings P/N 91-11927,

91-11880, 91-11856, 614320 as currently modified,
4.2 Tests
Each reflector shall have the following tests performed by
Production Control Personnel
a, Coating reflectivity in accordance with Paragraph 3,1,
b, Reflector figure in accordance with Paragraph 3,2,
¢, Leak and pressure tests - each reflector cooling system

shall be tested in accordance with the applicable drawing

requirements and the following: All mirrors shall be checked

at a hydrostatic test pressure of 150 PSIG for five (5)
minutes or more,
PREPARATION FOR DELIVERY
5,1 Packaging
Reflectors shall be packaged adequately to assure no damage in
shipment via commercial air oxr surface carriers,

5.2 Accompanvihg Data

The following data will accompany each reflector:

5.2,1 1Inspection Traveler - certifying the compliance of Items 4,2

Item a, b, and c,

WARRANTY

In lieu of any other warranty, expressed or implied, the contractor shall
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warrant the reflector figure and optical coating in accordance with

this specification for a period of one (1) year after accepténce provided
that proper handling methods and- cleaning procedures have been utilized
and the mirrors have not been exposed to temperature or other conditions
that exceed those defined in Section 3,3, Operating Characteristics,

6.1 Reflector Figure Warranty

Justification for warranty replacement for reflector figure deviation
will be evidenced by comparison of the photo or test of the questionable
reflector with the photo or test mmde for acceptance,

6,2 Optical Coatings Warranty

Coating failure clearly attributable to faulty workmanship by the
contractor (i, e, after exposure to normal operation or storage conditions
the coating peels or seriously degrades) shall be cause for replacement,
Pinpoint or other feplicated defects are normal in electroformed replicas,
and will not be cause for replacement, Additionally, arc sputtering,
tail flame impingement shéll not be cause for warranty replacement,

6,2,1 Cleaning of the Reflective Coatings

Improper cleaning of the vacuum deposited reflective coating
can seriously affect the lifetime of the cocatings, Minute scratching
from abrasive particles can penetrate the protective Si0 overcoat,
exposing the reflective aluminum layer to humidity and other -
atmospheric attack, Excessive pressure or abrasion during cleaning
can also penetrate one or more of the vacuum deposited layers and
contribute to local loosening of the films, Vacuum deposited films
are inherently stressed and any substantial scratching or penetration
can minimize both reflectivity and lifetime,

For these reasons the following optical coating cleaning
procedures are mandatory,

Cleaning Procedure

Optical coatings as applied to each of the four mirrors under
this contract shall be cleaned using a soft cloth which has been
adequately laundered to remove any abrasive agents and a 1 to 3 percent
aqueous solution of a non~ionic detergent sucﬁ as Kyro E, 0., (Proctor
& Gamble), No abrasives of any kind should be used, Before physical
cleaning of the surface, any particles which may exist on the surface
should be flushed away before wiping is begun, The cleaning solution
and the surface to be cleaned should be at a temperature range between
+60° and +80°F. The mirror should be rinsed only with distilled or
deionized water and dried using a clean soft laundered cloth or

surgical grade absorbent cotton, Only mild pressures should be used as
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even surgical cotton is abrésive under sufficient pressure,
Evaporative drying can also be accomplished following the
distilled water rinée with the use of absolute ethyl alcohol
or triple distilled acetone, A flushing wash of either of
these materials may be applied and the mirror blown dry with
filtered dry air, dry nitrogen or a filtered warm air gun,
During and after the cleaning operation, the surface
should be carefully scrutinized to determine if scratching or
sleeking is being induced by the cleaning process, The highly
oxidized $i0 overcoat will withstand repeated cleaning if care,
as noted above is exercised to pre&ent the inclusion of any
abrasive particles duriﬁg the operation, Conventional paper
toweling, Kimwipes and other paper products should be avoided
as they almost always contain some abrasive materials, Wiping
should be accowmplished from the reflective surface to the inner
or outer edge in a circular motion, Care must be exercised not
to drag any foreign particles or materials from the edges or
back of the mirror into the mirror reflective surface during
the cleaning operation,
6.2,2 Storage
Mirrors will be packed in boxes for transit with protective
covering for dust protection, Mirrors in storage shall be
protected from normal atmospheric fallout on the reflective
surface at all times, If high humidity or situations promoting
condensation are likely to occur during storage, the boxed or
stored mirrors must be maintained in a position such that
condensate will not collect on the mirror sufface. A desiccant
should be stored with the mirrors if prolonged storage’in high
humidity area is undertaken, Condensate shall not be allowed

to stand on the mirror surface,

19g



Attachmenﬁ ] to EthbLL C
20 June 1967 NAS9- 5805

INSPECTION CLARIFICATION OF EXHIBIT C ?ARAGRAPH 3.2, 3
T OPTICAL TOLERANCE AND SURFACE DEFECTS

Table T : ‘
GLASSIFICATION OF SURFACE‘AREA_DBFECTS

‘Mirror Single Deﬁect~”‘ .
g ! _
b g/ a0 D7
2 AR 0 0.8 4m
3 SE/NR e om0
4 SE 1/20 © 0,90 in - -
NR 1/50 0.57 in -
SE/NR e - % of 1 3.19 sq in

SE in table I above stands for slopeerrors in excess of that stated in Par, 3,2a,b,c,
and d, Slopeerrors are measured by ray deviations determined during the tests
defined in par, 3.2,2, NR stands for reflective areas which are below the accepted
level as defined in section 3,1 of Exhibit "C" and shall include the following

types of defects:

1, All plating defects whether they originate inAthe master or result from
workmanship, Includes pinholes, protrusions, scratches (replicated and unique
to the replica) and surface gray (due to slow master degradatiom),

2. All vacuum coating defects where a significant reduction in the coating
reflectivity is visible, This shall include discoloration, blistering,
electrolitic spotting, etc, .

Area determinations are based on the following:

#1 Mirror - Total projected area = 530 sq: in, The edge seal permits loss
of ,080 in around the I.,D, and 0,D, ) «
#2 Mirror - Total projected area = 148 sq, in, in less area covered by mask =
115‘éq. in, The edge seal permits loss of ,080 in around the I1,D,
Also excluded are the areas covered by the pupil masks when the
mirror is installed .and aligned in the collectof:assembly.
; #3 error = Total projected area = 110 84, in, -$hgagdgejseal5pgymi§§floss~qf,,
| | 080 in around the 1.D, and e

;1r03ected darea = 1 277 84, lﬂ.k Not 1nc1uded is a in wide
band ar“hd the outside edges lncludlng the support arm slots and
area covered by the bezel, v

NOTE: Défeét areas may be de;ermlned‘based on projected area oniy for the

determination of conformance to the specification,

19h
8 September 1967
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PRECEDING PAGE ELANK NO

2,2,0 S8pecification Lenses for Solcr Simulator

2,2,0,1 gGeneral
This apecification covers the manufacture, quality and
acceptance inspection for the lensse used fu the MSC
solar Simslator Systems,

2,2,0,2 Applicable Documents
The following dravings, charte and specifications form
s pert of this specification:

1. Drauings Revision & Drawing No,
MSCG, KASA E 30-018 ~ Collector Lens

D 31-111 - Fleld Lens

D 31034 ~ Collimator Lens #1

D 31<033 - Colli{mator Lens #2
2. Joint Army Ravy Specification

JANG 174
Avendment 1 Glass Optical
13 Macch
3. Milftary Specificatfon General Specification
MIL-0-13830 (Ord)

4, Chart 1 7 December 1964 Acceptable Transmissioun curve
for 1/2 inch thickness of
fused silics,

5, Chart 11 Basic Optical lLayout

(Applicable to Optical figures only)
2,2,0,3 Petafled Specificaticn €iz Fused Sflica Lens Blanks
1. Strlss
The fused silica shall bs graded according to striae countent
and shall not be poorer thaeu the standard sample (pur, B-3
Jan Gl174) represcating that grvade, In no case will materfal
of a quality less than Dynsstl Grade-Optical Ro, 4uC3 or
equal be xcceptable for drawings Rev, E 30-018 and Rev, D
31-111 or Dynasil Crede-~Cptical Yo, 3000 or equal for Kev, D
31034 or tev, D 31-03%,

Revised 18 October 1966
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2., Trantmission
The spectrsl transuiesis of light {ncluding surface
reflections of the material supplied under thie spec,
sh2ll equsl or better that of the transmissica curve
Tepresented by Chart I,

3. Rubble Content or Occlusion of Each Part

+01 Max, dia, seeds and buddbles

Rev, D
+020 in, E 30-018

b 31-111
233 in, D 315035
030 in, b 31-033

.02 Max, # seeds and bubbles/ia’

8 -4 30-018
D 31-111
15 D 31-034
D 31-035
+03 Hax, Percent projected area per inch light path
R 0008 E 30’018
D 31-111
025 D 31-034
D 31-0.3

4, tical Pr tie

. - Iudex of Refraction
The refractive {udex, Ny, shall be within *
.001 of & nominzl valus 6f 1,458 and a certificate
of ecompliance {8 raquired for each batch or melt
used in msnufacture, Abbgs Constringeat Co-sfficiesnt
shall be 67,6 plus or winus 0.5,
5. Inspection
Inspection and eampling procedures for lons blanks are
cites below, Failure of semple shall cause rejection
of the iot whick 1t is vepresentative unleas 100%
inspectiaon of individual sarples ia sccomplished, theae
individual sanples weeting requirsaents will be acceptablg,
.1 Dubbles-Each lens blank ashall be i{nspected for bubbles,
cceds aud etones snd occlusicns by immersion f{n a cell .

29
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11luminated by monochrometic 1light and centefining
a li{iqui{d having & sultsdia indax of refractfon,
The reguirements eet forth f{a 2,2.0,3.3 chall be
meL,

5.2 Strein-Selected lens blanks from bstch or lot
shall dbe examined et the completfon of annealiag
proc.ss for ampunt and symwetry of straim by means
of & gtandard polariscopa test and found to be less
than 10 millimicrons per centimeter path differencs,

5.3 Transuigsfon-Semples gelected and tested for
transaiiesion requirements froa escn batch or selt
of blanke shall be equal to or better thaam the
transufssfon curve reprusented by Chart I as
weasuved by an accepradble recording spectrophoto-
metey,

5.4 Striee~100% fnspecticn of lens blanks worked shall
conforn to 3-A as i{nspected by performing wmsssuree
ments {u accordanceo with Pars, F-3C Jan €174,

- Index of Refraction ard Abbes Comstrin:st Cs-efficfeant
of sslected saxples s all be measured on 8 standard
rafra<tometer acd certified to weet 2,2,0,3.4,

2,2,0,4 rateiled Specifications for Manufacture of Lenses

2.2,0,4.1 Scope
This portica of the epecification covers the
reJuirements for nanufacture of the langec from
the fused gilica lens blanks as specified above
in accordance with Drawings Rev, B 30-018, Rev, D
31-111, Rav, D 31-03%, and Bev., D 31-035,

2.,2,0,6.,2 Suefsee Chalﬂ:y
The svrfaces ol the lens sbould be polished to a

quality vhera the manicus width of scratetes (g

€0 icrons and the caximua dig zad bubble discter
i3 500 ricrons, This corresponcs o a scratch and
dig code nunber es per MIL=0-113IJ eof {053,

2,2,0,4,3 rsurface Thape Tolsrance

The surface of the lenses shall ba made to natch

50



radii tecplates to ,001/inch for Prawing Rev, D
31-03% and Rev, D 31-035 and ,COGL/ip<h for Rew,
D 31=111, Dreving Rev, E 30813 reculres match
of an aspheric terplate and radif texplate to
.001/inch, Alternstely the surface shape for
lenses shown on Drawings Rev, D 31-034, Rev, D
31-035, and Rev, D 31-11] may be verified by
cptical check plates, Check plate diamster,
allouwable tolerance, acceptable fringe count
and terplate toleresce will be determined by the
contractor, but zhall not exceed tolerances
specified by use of radii templates,

2,2,0.4,4, Cementing
Fo cementing is allowabie 3s each lens ghall be
a sfagle element lens menufactured from a single
lens blank,

2,2,0,4.5 JInspection
Inspection wethods are described beivw, 100%
fnspection of the lenses ghail be effected and
{ingpection certification submitted for esch lens,
Those lenses not weeting requirements will be
rejected and zeplaced at the expense of ths vendor,
Surface Quelity: Tha surface Quality will be imspected
for compliance with the gcretch and dig cede by
couparison with a suftable test plate engrasved with
permissible digs and scrutches, Thig plate to be
supplied by vendor,
Curface ghzpe will bs fnspected by wire fealer gage
zud optical check plates (vhere applicable) for
gpecified fit to tcopletes to bae supplied by vendor
for ezch specific esurfaca penerated,
Fach lena wlll bas cexcified for dlmsngionsg &e per

dravinga,
Tew,  Eravisg o,
R4 2u-018
D 31-111
D 31-02%
o] 31-038
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RETICLE SPECIFICATION

Grid patterns to be applied by marking into the surface
of each lens as follows:
Dwg, 30-018 Collector Lens: Mark Aspheric Surface
Dwg, 31-~111 Field Lens: Mark Plan Surface
Dwg, 31~034 Collimator I: Mark Convex Surface
Dwg, 31-035 Collimator II: Mark 65,622 Radius Surface
All line widths will be ,002 +,003 - ,000,
Optical centering of pattern ,0025",
Length of Lines = ,200 - ,250"
Grid to consist of two (2) lines in a cross pattern,

90° + 15 min, perpendicularity,
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2.3.0 Collector Alignment and Assembly (Drawing 614575)
The following procedure outlines the method by which the collector assembly
of the NASA Solar Simulator System will be aligned and assembled at EOS

before shipment to Houston,

Equipment Required: 1, ZLaser and collimating lens,
. . Projection screen,
. Laser stand 614588,

. Stand, burner simulator 614592,

2
3
4
5. Fixture, burner simulator 614593,
6. Target screen 5-000,
7. Post, Alignment, Burner Simulator 614594,
8. Handling Carts,
9, Optical Flat 614681,

10, Handling Hoist,

11, ©Point Source Rod 614682,

12, Reticle Plates 614597 - 614683,

13, Vane Assembly Locator Rod 614683,

14, Light Source and Power Supply,

15, Fixture, Reticle Alignment, Collector 614694,

16, Throat Simulator 614599,

17, Adapter, Burner Simulator 614695,

18, Assembly and transport stand 614585,

19, Vane alignment fixture 614684,
Test Set-Up
The equipment listed above will be installed at the EOS - 125 Vinedo
facility in a manner similiar to the attached sketch, In addition the
laser stand No, 614588 &ill have provision for rotation of the laser
so it may be used on . two (2) assembly and alignment ranges, The
locations of the components critical to the alignment are shown on the

sketch,

Inspection - Accountability and Orientation - This inspection will verily

that the assembly operations have been performed according to the preceding

process step, and show good workmanship,

2.3.1 1Issue Kit No, 1 -~ Collector Frame Subassembly,

2.3.2 Accountability only, (Stores and Requestor),

2.3.3 Place frame, Item 1 (30-001), on assembly stand with side without
gussets turned up, and burner end, with the 9% diameter hole, facing
to the right,

2,3.4 1Install three (3) flanges, Item 4 (30—006), with flat face out, on

burner end with nine (9) each screws and lockwashers, Items 14 and 15,
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Tighten screws,

2.3.5 Install three (3) flanges, Item 47 (30-050), with flat face out,
on throat end with nine (9) each screws, lockwashers and flatwashers,
Item 17, Item 13 and 15, Leave screws loose, i, e, % to one (1)
turn short of snug, _

2,3,6 1Install point, Item 21 (30-028), nut, Item 23 and ring, Item 48,
in flange at approximately 9 o'clock position facing throat-end,
Leave nut loose,

2.3.7 Install in the two (2) remaining flanges two (2) points, Item 22
(30-027), with nuts, Item 23, ' Leave nuts loose,

2,3.8 1Install two (2) lower support tubes, Item 57 (30-059), and two (2)
threaded plugs, Item 58 (30-058, using four (4) each sérews and
lockwashers, Items 55 and 56, Tighten screws holding plugs, Adjust
tubes for close fit between end plates; do not>def1ect‘p1ates.
Tighten screws in tubes,

2,3,9 On the inside of the throat end install four (4) spacers, Iltem 3
(30-005), using four (4) each screws and lockwashers, Items 15 and 16,
Tighten screws,

2,.3,10 Install fittings, Items 36 and 42 on cooling panel, Item 2, Apply
varnish, Ttem 73 to pipe threads, Orient fittings per print,

2,3.11 Install one (1) cooling panel, using two (2) screws, Item 13, two (2)
screws, Item 14, and four (4) lockwashers, Item 15, Mount at
positions approximately 2 & 5 o'clock facing burner end, Tighten
screws,

2.3,12 Q. C. Inspection and Accountability and Orientation only, per II #7056-0,

2,3.13 Issue Kit No, 2 - Mirrer No, 2 Subassembly,

2,3,.14 Accountability only between stores and lab,

2.3.15 Place mirror, Item 20 (614577), on assembly.fixture #614751, Do

not touch mirror face,

2,3,16 Install three (3) jam nuts, Item 53 on three (3) studs, Item 59
(614337-1) opposite slotted end,.

2,3,17 Install three (3) alignment nuts, Item 64 (614332-7), Positibn end
of each nut 5/8 inch from mirfor back with hex toward slotted end of
stud,

2.3.18 Install studs Item Sé, jam nuts, Item 53 and alignment nuts, Item 64

at 3, 7 and 11 o'clock with water port at 12 o'clock, Turn stud until

snug in bottom thread, Tighten jam nut,

36
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2,319

- 2.3.20

2,3.25
2.3,26

2,3.27

2,3,28

2,3.29

2,3,20

2,3.31

2,3.32

2,3,33

2.3.34

2,3.35

2,3,36

2.3.37

NOTE:

Install three (3) flange nuts, Item 62 (614334-3), one (1)
on each alignment nut and position flange 1% inches from
mirror back,

Install reticle plate in mirror (614597-2, 614598-2),
Accountability and Orientation by assembler,

Move mirror No, 2 and nine (9) each screws and washers,
Item 13 and 15, to frame subassembly area,

Issue Kit No, 3 ~ Mirror Mo, 1 Subassembly,

Accountability only, by lab personnel,

Place mirror, Item 19 (614331), on assembly fixture

#614751, Do not touch mirror face,

Install three (3) nuts, Item 54, one (1) on each stud,

opposite slotted end,

Install three (3) alignment nuts, Item 63 (614332-3), Position
end of each nut 3/4 inch from mirror back with hex toward
slotted end of stud.

Install alignment studs, ITtem 60 (614333-1), - Bottom stud in
casting and tighten jam nut, Item 54,

Install three (3) flange nuts, Ttem 61 (614334-1), one (1)

on each aligoment nut, Position flange 13/16 inch from

mirror back,

Install a 7/8" piece of copper tubing,Item 12 on nipple

Item 78, use solder Item 74,

Install a Union Swagelok elbow,Item 41, on 7/8" long copper
tubing and tighten % turn only;

Place an O-ring gasket, Item 66, at the base of the straight
threads of the nipple, Item 78,

Fit an eight (8) inch length of hose, Item 32, with the assembly
of step 2,3.36 on one (1) end and a Swagelok union elbow on the
other, Item 41, Do not tighten fittings on hose, Prepare a

long hose assembly per operations 2,3,38 and 2,3,39,

Paragraphs 2,3.21, 2,3,22, 2,3,23 and 2.3.24 deleted,
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2,3.38

2,3,29

2,3,40

2,3.41
2.3.42
2,3.43

2,3.44
2.3.45
2.3,46

2,3.47

2.3.48

2,3.49

2,3.50

2,3,51

Assemble an O-Ring, Item 66, a nipple, Item 77 and a
Swagelok elbow, Item 41,

Fit a 26 inch.length of hose, Item 32, with the assembly
of operation 2,3,38 on one (1) end, on other end assemble
male elbow,Item 69.‘ Do not tighten hose fittings,
Connect ﬁose assemblies to mirror, Orient elbows by
rotating on copper tubing, Do not tighten straight
threads in mirror ports,

Install reticle plate in mirror (614597—1) (614598-1)
Accountability and Orientation check by assembler,

Move mirror No, 1, two (2) hose assemblies, and nine (9)

s
each screws and lockwashers, Item 13 and 15 to frame
subassembly, aréa, A

Issue Kit No, 4 - Vane Subassembly,

Accountability only, by lab personnel,

Place vanes on bench elbows up, in this order: Item 5
(30-032), Item 6 (30-033) and Item 7 (30-034),

Assemble mounting plates on vanes, two (2) Item 24 (30-035)
and one (1) Item 25 (30-036), using six (6) each screws,
washers and lockwashers, Item 14, 15 and 17, Leave screws
loose.

Assemble two (2) each stand-off, Item 26 (30-037) and three
(3) each spacer, Item 27 (30-038) per stand-off on each
mounting plate using two (2) each lockwashers and screws,
Item 15 and 16, Leave screws loose,

Install metal hose assemblies, four (4) Item 8, using
varnish Ttem 73 on NPT threads,

On the upper hose having a free end,.assemble two (2) each, elbows,
Item 37, one (1) nipple, Item 51, and one (1) hose coupling,
Item 31, Use varnish, Item 73 on NPT threads,

On the lower hose free end, assemble one (1) elbow, Item 50,

Use varnish, Item 73,
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2,3.52
2,3.53

2.3.54
2,3.55
2,3,56

2,3.57

2,3,58

2.3.59

2.3,60

2.3,61
2,3,62
2,3,63

Accountability and Orientation by assembler,

Move vane subassembly and fixture with six (6) each screws

and lockwashers, Items 15 and 16, one (1) support tube,

Item 57 (30-059), one (1) threaded plug, Item 58 (30-058)

and two {(2) each screws and lockwashers, Items 55 and 56

to frame subassembly area,

Issue Kit No, 5 ~ Lens Subassembly.

Accountability, lab personnel,

Install three (3) retaining blocks, Item 44 (30-049), on
the flat side of alignment flange, Item 29 (30-024), Use

six (6) each screws and lockwashers, Items 45 and 46,

Position blocks to cover the 3/8 diameter holes in the

flange, .Tigbten the screws,

Install three (3) retaining blocks, Item 43 (30-048), on

the same side of the flange, Item 29, using six (6) each

screws and lockwashers, Items 45 and 46, Position the blocks

with their 3/8 diameter hole toward the center of the

flange, Tighten the screws,

Join the assembly to the alignment ring, Item 28 (30-025),

Nest the pilot diameter of the flange into the ring, Orient

the parts to align the 3/8 diameter holes in both, Use

three (3) shoulder screws,Item 34, Screw in each screw

three (3) turns,

Assemble the lens structure, Item 35 (30-043), without lens,

with the above assembly, Mate the 1/8 radius edge of the

structure ring with the bevel on the alignment flange, Join

with three (3) each screws and lockwashers, Items 14 and 15,

Do not tighten screws,

Screw three (3) set screws, Item 76, one (1) each into three

(3) clamps, Item 30 (30-019).

notched side,

Screw head to be away from

Install Lens, 30-018, with safety wire, Item 77.

Accountability and Orientation by lab personnel,

Move lens subassembly to collector alignment fixture, Include

the three (3) clamps, Item 30, six (6) each screws and lock-

washers, Items 15 and 16 and three (3) springs, Item 33(30-042),
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2.3.65
2.3.67
2.3.68

2,5,69
2,3,70

2,3,73
2,3, 74
2,3,75
2.3.76
2,3,77

2.3,78
2,3,79

»

(33

Cn frama gutssroshly tnstall o, 2 wirtrer with serews s7
1
-~

lockvochers provided, oine (3) aach, {tezax 13 2:3 13 fr

4

F{¢t 2, Lesve ecrews loose,

Icztall aores to ciyxTer, Use vaszish, Itea 73 oa T

threads, Orient Loso elbovs ty tightening tapsred pipe
tireads vith double vreaches, Do not tishten straight

threads ia mirror ports, just soug,

Connect 1lc--er boaes to ccoling pancl ccwpiirg,

Accountzsiliry .n3 orientstion iab personnel,

Tretall Ro,. 1 mirror with the nine (9) each screws, ifoma

13 aad 15 frem Kit 3, Leave g-rews loosse, Do mor i:ont
straight thread hose conmectors in sirror ports,
Accouatzbility aand erieatation lab personael

Install vane subassecbly using screws and lockvashers providsd
aix (6) esch, itea 15 and 16 frox Kit 5, Tighten these six (6)
screvs only,

g

Connect upper hose assecdlies of mirror z2=4 veoae using

fiteings provided on vana hose assesbly,

Install 3rd suppor: tube aad threadad plug with screws

and lockwaghers provided, Items 37, 358, 35 and 56 from

kit §, T

Accountability and oricntation by lab pexsennel,

Move partially assezbled collector withk {ts assemdly end
transpcrt stand to the alignment arsa,

Ecmove collector from transport stand,

Return stamd to collector fraca subassexbly exass,

Mouat pre-assesbled collector scsemdly on Burner Simulatoe

Stand No, 615532,

Check to £:a that tue laser Lcam {8 sutocollimstad from the
aliznment rod zarocollimating elrror fixturs Mo, €14581, Rumove
autorollizzting rod £614681, 1Install x, v reticles on the front of

collector assembly and center the 4assembiy on Jaser beam with
alignuent stand locuting nuts, Sct the z axis dicensicn of 19,546"

+.020 froa face of ccllector box to fice of alignment stand center
hudb,
Paragraphs 2,.3,71 and 2,.3,7. deleted,
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2,3.81

2,3.82

2,3.83

2,3.84

2,3,85

2,3.87

NOTE:

- Install reticle plate in mirror No, 2 (614597-2)(614598-2)
- Install reticle plates in mirror No, 1(614597-1)(614598-1)

Center No, 1 mirror reticle on laser beam by adjusting the
nut flange mounts,Item 61 (614575) and torque the nine (9)
cap screws,Ltem 13 (614575) to 75 inch pounds,

Center No, 2 mirror reticle on laser beam by adjusting the
nut flange mounts,Item 62 (614575) and torque all nine (9)

cap screws,Item 16 (614575) to 75 inch pounds, Remove reticle

plates, adgust the mirror, tilt alignment nuts, Item 64 (614575)
to locate z axis position of 0.377" *. 005" plué alignment
stand jaw simulator ref, dimension 4,460", to No, 2 mirror
surface I,D, '

Install the point source rod fixture No, 614682, Adjust the
rod projection from the simulated jaw to be 0,794 T ,005" to
the B & L lamp filament,

Adjust the tilt of the No, 1 mirror to symmetrically
illuminate the I,D, of the No, 2 mirror using three (3)
alignment nuts,Item 63, then by identical rotation of all
three (3) alignment nuts position the No, 1 mirror axially

as required to focus the mirror's projected image on the

projection screen (projection screen is located 46,128 ¥ . 100"

from the simulated jaw of alignment stand No, 614592),
Center the focused image on the laser beam at the projection
screen by adjusting the alignment nuts,Item 64 on the No, 2
mirror, ]

Remove point source rod No, 614682 and install vane assembly
alignment No, 614684 on alignment rod and slide on the rod

to almost touch the No, mirror,

Paragraph 2,3,86 deleted
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2,3.88

2,3.89

2,3.91

2,3,92

2,3,93

2,3,9%

2,3,95

2,3,96

NOTE:

Slide vane subassemblies,Items No, 5, 6 and 7 of Drawing 614575
into contact with vane alignment fixture and then tighten twelve
(12) each cap screws,Items 14 and 16,

Remove vane assembly alignment fixture No, 614684 and vane
alignment rod No, 614683, then install point source rod No, 614682,
Install two (2) lower clamps,Item 30 using four (4) screws

and lockwashers, Items 15 and 16, Install three (3) springs,
Item 33 in 3/8 diameter holes of alignment ring,Item 28 and
alignment plate, Item 29, Install lens assembly using the
remaining clamps and screws and lockwashers, With screws

loose, rotate so that one (1)vvane is verticle below the
horizontal centerline on the front of the collector assembly,
Snug the thfee (3) mounting clamps, Item 30,

Center the lens reticle in the laser beam, using set screws,
Item 76 in each of three (3) assembly mounting clamps,Item 30,
Then torque mounting clip retainer screws}Item 16 to 75 inch
pounds,

Adjust the tilt of the collector lens until the projected

laser image from the front gsurface is é&fééﬁllimatgﬁﬁ_

back on a target screen and centered, This adjustment is made

using the three (3) adjusting screws,Item 16 in retainer block,

Item 43 (614575,

Set the dimension between the vertex of the collector lens

and the simulated jaw reference to be 8.141 T  oos™ using adjustment

screws,Item 34 in retainer blocks No, 44, Move all three (3)

" screvs equally and check autocollimation of the lens, adjust as

required,

Install Throat Simulatbr Fixture No, 614599 on front of

collector assembly, - Move fixture up or down until the reticle
of the fixture optical flat is centered on the laser and the
level on the fixture indicates level within one line, then
torque all collector flange screws, Item 14 to 75 inch pounds,
" Adjust the projection of the point alignment pins, Item 21 and
Item 22 until the spacing between the vertex of the collector

lens and the fixture center rod is 5,442" + ,005,

2.3.90 deleted
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2,3.97

2,3.98

2,3,99
2,3.100
2,3,101

2,3,102

2.3,103

2.3.104

Check to see that the laser beam is still centered on the
optical flat reticle of the fixture and then adjust the
alignment points until autocollimation is obtained on the
target screen, Recheck the dimension of 5,442" + ,005,
Remove the throat simulator fixture No, 614599 from the
collector assembly,
Operate the point source light and observe the flash on
the target screen, When the collector assembly is properly
aligned, all of the light flash from the system will be
located symmetrically about the marked zones on the target
screen 12' from the face of the collector assembly, 1If the
flash from the reflective and refractive portions are not
symmetrical, adjust the tilt of the lens to obtain symmetry,
Repeat Paragraphs 2,3,92 and 2,3,94, Document the alignment
with two (2) each 4 x 5 polaroid photos of the aligned
projected image on the target (5-000), Record on the photos
the exposure time, f number, date and assembly serial number,
Locate camera lens, laser beam high, and center the lens 8"
left of the laser, at the focal point of the collector box,
NOTE: Due to lens tolerances, autocollimation from the reticle
may not produce optimum alignment,
Issue Kit No, 6
Accountability by stores ahd lab personnel,
Measure and record length between frame ends adjacent to
upper support tube, Remove support tube,
Install upper cooling panel, Item 2 (30—002), using two (2)
screws, Item 16, eight (8) screws, Item 14, and ten (10)
lockwashers, Item 15, six (6) nuts; Item 18, twelve (12)
washers, Item 17, Tighten screws,
Install elbow, Item 69 on throat side of upper cooling panel,
Use varnigh, Item 73, Connect hosé assembly from_No. 1 mirror
to Item 69,
Install elbow, Item 10 on burner side of upper cooling panel,
Use varnish, Item 73, Orient elbow pointing up and install
two (2) inch length of 5/8 0, D, copper tube, Item 12, tee,
Item 38, and a two (2) inch and four (4) inch length of tube,
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2,3,105

2,3,106

2,3,107
2.,3,108
2,3,109
2,3,110
2,3,111
2,3.112

2,3,113

2.3,114

2,3,115

2,3.116

2,3,117

Use solder, Item 74 and orient per print, Imstall burner
connector nut, Item 70 and front and rear ferrules, Items

71 and 72,

Pre-assemble two (2) each two (2) inch, one (1) each 43 inch,

One (1) each 9% inch 5/8 O, D. copper tube, Item 12, three (3)
elbows, Items llwwith solder, Item 74 per print, Install between
male connector, Item 42 on the throat side of the lower shroud and
the tubing on the upper shroud, Use union, Item 39 to connect the
tubes,

Install on the street elbow Item 36, one (1) nipple Item 9,

one (1) elbow Item 37, and one (1) coupling Item 31, Use

varnish Item 73 and orient to print,

- Place an 0-Ring gasket, Item 66, at the base of the straight

threads of a nipple Item 79,

Install a 1 5/8" piece of copper tubing Item 12, on the

nipple, Item 79, Use solder Item 74,

Install a union Swagelok elbow, Item 41, on the 1 5/8" long
copper tubing and tighten % turn only,

Install the assembly (Reference 2,3,107 -~ 2,3,109) in the lower
port of the No, 2 mirror, Item 20, Retain the AN fitting,

Item 79, while tightening the assembly to the correct position,
Install a 15 inch length of hose, Item 32, in the Swagelok

elbow, Item 41,

Repeat steps 2,3,107 -~ 2,3,109,

Install the assembly (Reference 2,3,107 - 2,3,109) in the upper
port of the No, 2 mirror, Item 20, Retain the AN fitting, Item 79,
while tightening the assembly to the correct position.

Install a 12 inch length of hose, Item 32 in the Swagelok elbow,
Ttem 41 (upper free end vane assembly piping).

Install a two (2) inch length of 5/8 0.D, copper tube Item 12 in
the elbow, Item 50 (lower free'end vane assembly piping)., Use
solder Item 74,

Install a tee, Item 38, and a seven (7) inch length of tube

Item 12, orient per print, use solder Item 74, On the free end
of Ttem 12 install a burner collector nut Item 70,and a front

and rear ferrule Items 71 and 72,

Install and orient to print a 20% inch, a 19 3/4 inch and a 15 inch
length of tube Item 12, using two (2) elbows, Item 11, Use solder

Item 74, Connect tube to union elbow Ttem 41 and tighten fittings,
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4

2,3,118 Tastall ~la Itoca 6% por print, uzing vana gtoal-ofl soveoy,

H
[4
v

2,3.119 Rcinstall uppor sugport tuve removed in atep 2.3,101,
Ad3ust ppacing to dimansiom previouslr weasur 1,

2,3.120 1Qlaspection - Finmal Assemdly,

2,3,121 Place ascehly on trarsport cart,

2.,3,122 Moyve to hydro-~test,

2.3,123 1Install inlct axd ocutlet water lines from test bench i2
Collector Assexdly, With downstrean valve open, initiate
flcw through the gystsm aid regulate the upstreaT™ prezsure
to provide a flow rate of 1igrm, Record prossure drop

scross gystem, Clace downgtream valve and turm eff fleow,
Purp hydrostatic pressure te 120 pgig, Fold 123 pelg
pressura for five (5) minutes and viscally check liros
and joicts for leaksze, Relssse pressure by cpening
dowvnstrean velve end blow cut the syatem using air purze,

Revised 0 embe
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2,6,0 Collimator Alignment and Arseably (Praving 10.614570)

The following procadure cutlines the mathod {n shich the
collizstor essembly of the RASA Solas Slsulator fyztem will
te sacerbled ond aligned at EOS bafcre shipment o Daustor,
Equipment Required: 1, C. W. gas laser end collimator lems,
2. Lager stand 614588,

. Target 5-000, -
Lens aczembly support stznd 615586,
Assembly and Aligomant E8tend, csllimstor
614591, ‘
" 6, Handling hotst - Adaptcu 616587

7. Camera tripods = Majestic,

8, Light source 614583 and power supply,

9, Locator, Position, 2 axis, # mirror 61556+,

w W
.

10, Large inside micrometer set,
1l,. B& L light ﬁource locating fixture 614389,
12, Point Source Rod 514682, |
13, Projection screen, -
) 14, Lens Assembly Support & Stand 614691
) skiad ids ! . 15, Tbrque wrenches, -
The equipmant 1isted above will be located at the ECS - 125
Vineio facility in « menmer sixilier to the attached sketch.
In addition the laser stand (614388) will heve provisioa for
toucion of the lasar so 1t wy be uses on tvo (2) asserdly
snd aligoment reoges, The locations of the cotponents critical
ta the alignment are chown on the nkatch.
Inspectfon for A~countability and Orizntastion
This icspscticn will verify that the sssembly operaticna have
been performed according to the precedirg proceas steps, and
show good workoenship, ' o
2.4,1 11ssue Kit Ho, 7 - Collimator Ko, 4 mirror assezbly,
2,4,2 Accountability, storeiilnd requestor,
2,%,2 Msuat ~cllimator cuprort, Ytem 8 (514335) ¢z aesexdbly star i,

Usa 12 16-32 x 7/3" scckat herd ecgp screvs,
2,5,4 Inatall three (3) aligaoment nuts, Ytew 4 (61&332-1).‘-“@
Molykote, Item 49 on items 4 and 5." Screw in from stand

side of casting with hex of uut t'uard stand,
57
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2,45

2,46

2,64,7

Froject nut 1/8 inch thru casting,

Ingtall three (3) alignment studs, Item 5 (614333-3), with
screwdriver slot toward stend, Do not wove alignment nuts,
Project 7/16-20 threaicd end 1% fnches thru the mut, Install
one (1) cach of turees (3) jan ~wts Item 9 on the stud with

‘the full Zeagth of the 7/16-20 thread in the clear,

Install No, & mirrer, Item 1 (616320), Positiocn wirror wvith

- tapped hioles tonching the 7/16-2. thresds of the alfgnment

stude, Scxew the studs into the mirror in saall progressive
increments avoiding Mndi.n; of the threads, Tura stud 4
shoulders snug against the =irror back, Do not oyer tightes,
Operate the laser and agt.: ,lliuu the bear from the reticle
of the field lens in the thrb&t .i.ﬂ;l& or stand, Poatttm
tke ttlpod mounted B & L lisht m*‘tce w...S_‘ -«2 inckes from
:hoﬂeldlmandcentctinthohmbou. Opcctatb

"~ lamp, Adjust the tilt of the Ko, ﬁ;ir:or by adjusting

2.,4,8

three (3) aligmment nd_t’:', Item 4 30 that the focused image

‘from the Ho. & mirror is centered on the laser as it exits

from the target screen, Usivg the = exis posttfcn plate (514534)

in the cenur hole of the Ko, & wmirror, adjust the aligmment nuts, -
Tten Ro, lL equally til" the umtot measurenent is &,644 + 005
froa the field lems, Install jam nuts, Item 9 on alignment studs to
lock the alignment nuts, Recheck the centralization of the focused
point source image on tfne target and correct if required, )
Install Yo, & bazel, Item 47 (31-053), with thres (3) each

" clawps, Item 44 (31-055), Item 45 (31-054), and thres (3) each

2,4,9
'2,4,10
2.4,11
2.4,12

ecrews, Item 46, . Position of the bexel notches {s irrelevant,
Issue Kit No, 8 ~ Collimator Lene Asssably,

Accountabiii.ty ‘stores and requestor,

Place lens mwount, Item 1 (616562), om bemch,

Install cthree (3) brackets, Item 11 (6145 1), with six (6)
2ach ecrews and vashers, Itema 12 rud 16, Do n:% tighten,
Irackats, ecrews and washars are czllad out cm Drawing I,
6143710,

56 , :
Revised 19 January 1967



2,4,13  1Install three (3) each alignment studs, Item 7 (614337 -3)
in three (3) alignment nuts, Item 6 (614332 -5), Use
Molykote, Item 49 on items six and seven, Project unslotted
end of stud 1 3/16 inches out from the nut hex end, 1Install
one (1) cach of three (3) jam nuts, Item 10, about 5/8 inch from the
uncut end of each stud, Alignment studs, nuts.and‘jam nuts are
called out on Drawing 614570,

2.4,.14 Install the alignment assemblies in the lens mount, Orient
with nut hex toward small lens end, and projecting 3/8 inch
from casting,

2,4,15 Mount lens No, 1, Item 3 (31-034), Use four (4) each screws
and washers Items 5 and 7, Modify the washers by cutting and/or
upsetting to provide proper clearance and clamping action,
Tighten screws carefully until washers are snﬁg against lens,
Reference Drawing No, 614569,

2,4,16 Mount lens No, 2, Item 4 (31-035), Use retainer ring,

Item 2 (614336}, and three (3) each screws and washers,
Items 6 and 7 (Ref, Drawing No, 614569),

2,4,17 Mount mirror No, 3, Item 2 (614576), called out on Drawing
No, 614570), Screw alignment studs about 1/2 inch into
mirror casting in small increments, Tighten jam nuts, Orient
mirror to casting per section E-E, Install mirror retainer
clips 614579,

2.4,18 Accountability and orientation,

2,4,19 Move lens assembly, with mirror to collimator assembly area,
Include Drawing 614570 Items: one {1) each support arms,

Item 26 (31-019), Item 27 (31-017-2), and Item 28 (31-017);
three (3) ingerts, Item 14 (31-016); three (3) nuts, Item 29;
three (3) screws, Item 35 and Loctite, Item 48,

2,4,20 Position lens assembly on the support stand, 614586,

2.4.21 Position the lens assembly to -autocollimate the laser beam
from the reticle of the No, 2 collimator lens and at the
same time adjust the z axis dimension from the field lens
to the No, 1 collimator lens to 31,786 + ,005 inches.

2,4,22 Install support arm subassemblies,yitems 26, 27 and 28, and
radius collimator support vane slots for clearance of %" tubing,
Use six (6) each screws, nuts and lockwashers, Items 23, 2% and 25

on the collimator support, and six (6) each Items 17, 2% and 25 on

the lens assembly bracket, Tighten finger tight only, With the
lens assembly aligned install six (6) each shims, Tten 5l
59
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2,4,23

2,4,24
2,4.25
2,4,26

2.4,27

2,4,28

2,4,29

2,4,30

(31-059), at the brackets qu collimator support as required,
Install three (3) each'igsérts,~1tem 14 (31-016), use Loctite
Item 48, Iﬂstali loosely into the inserts three (3) each

scréws and locknuts, Items 35 and 29,

Issue Kit No, 9 - Tube and Fittings,

Inspection -~ Accountability, L

Install all remaining tubing and fittings, Include one (1)

Item 38 Ferulok elbow and three (3) item 37 Ferulok couplings;
Do not Tighten fittings into mirror ports, one (1) Item 13,

one (1) Item 22, oneA(l) item 32, one (1) Item 33, two (2)

Item 36 and one (1) Item 43, Tubing on these items and

items 26, 27 and 28 may be cut to fit, "Solder all joints

for wvacuum service uéing Item 34,

Tighten previously installed nuts and cap screws uniformily
being careful not to change the alignment, Tighten twelve (12)
nuts, Item 24, to sixteen (16) foot pounds torque and the six (6)
screws, Item 12, to 96 inch pounds, Bottom screws, Item 35, and
tighten locknuts, Item 29,

Remove lens assembly support stand, TUse adjustment screws,

Item 35, as required to correct small alignment errors due to
deflection of the support arms, The center of the autocollimated
image from the reticle of the #2 lens must fall within a 0,400 inch
diameter circle concentric with the laser beam on the projection
screen, _

Position the~N0. 3 mirror to obtain a dimension of 30,517 + ,005
inches between the vertex of the field lens and plane of the No, 3
mirror center hole, Adjust by turning alignment nuts, Item 6,
uniformly in small increments, Inétall fixture No, 614589

in the assembly stand behind the field lens, Adjust z axis
dimension from the field lens to bulb envelope to 8,680 + ,020,
Energize the 1am§ with 2,0 volts D, C, Adjust the tilt of the
No, 3 mirror using the alignment nuts until the projected 1ight.
pattern is centered on the laser beam as viewed on projection
screen, Recheck the 30,517 + ,005 dimension, Witness by Q, A,
Document the alignment with two (2) each 4 x 5 polaroid photos
of the aligned projected image on the tafget 5-000, Record on
the photos the expose time, £ numﬁef, date and assembly serial

number,
60
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2,6.,31 FRizove coilixetor from sfcca:bly ptand, Mount en cart
and wove to heiifua leak teat svea

2,6,32 Yalium Lesk Tect of Collivastor Acoendly
All pre-fabricsted lines snd cocponencs not previously
leakechecked shall be tested prior to assembly with a
helium mess spectromster having a sensitivity of 1 x 10 N
standard ce/sec, or better, Upon completion, all covponents
and linss shall be ussambled and newly sssemdled joints shall
be lesk-checked, ‘ﬂu test chell ba accomplished Ly evacuating
the 1{nes snd castinge, Helium at s pressurs of 5 to 15 peig
shall then be sprayad on all newly formed jointa, In the avent
that leaks sre dctacécd, a repaic shrll be sccosplished azd
the test repeated,

2,4,33 Eydro-test of Collimator Assemdly
Install fnlct and outlet vater licss from teat bench to

- collimator assembly, With dowastream valve cpes, inttists

flow tbrough ths eystem and regulate ihe upstress pressure
to 15 pois, ZXeccrd flow rate through the eysten, ilintmm
flew cuzall be 0,3 gy, Close downstrezm valve axnd tura off
flow, Phmp hydrostatic pressure to 150 psig and hold for
five (5) minutes, Viauelly check lines and jointc for
lgahgc. Zsleage preseure by opening downstrain valve
and blow out the systen uaing uir purge,

9
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2;5.0 Throat Assembly (Drawing 31-100)
The following procedure outlines the assembly of the throat assembly
excluding the field lemns, This unit will be shipped ready for
installation and no alignment will be reqiired,

EQUIPMENT REQUIRED: 1, Handling hoist,

2, Torque wrenches,

Inspection for accountability and orientation, This inspection will

verify that the assembly operations have been performed according to

the proceding process steps, and show good workmanship,

2,5.1 Issue Kit No, 10,

2,5,2 1Install two (2) alignment sockets, Items 22 and 23 (31-100)
using eight (8) screws, eight (8) lockwashers, and eight (8)
flatwashers, Items 27, 28 and 29, Orient to print and
torque screws to 75 inch pounds,

2,5,3 1Install Items 25, 26 and 24 (31-100) using four (4) screws
and four {(4) lockwashers Items 27 and 28, .Orient to print
and torque screws to 75 inch pounds,

2,5.4 1Install intensity control sensor wiring (M, O, 3002) from
Item 23 (31-101) to the c-bored hole zome 7B (31-102),

Thread the wire through the ring seal Item 6 (31-101)
and through the ,12 inch hole zone 8C (31-101), Use Item 32
(31-100) to seal wire at these points,

2,5.5 Install connector Item 10 in the c-bored hole zone 7B (31-102) and
solder wire from pin A of socket 614685 to socket A of Item 10,
Solder wire from pin B of socket 614685 to socket B of Item 10,

2,5,6 On the compression fitting at nozzel end of throat attach a
bag containing 12 each Item 30 modified by 614566 and 12 each
Item 15,

2,5,7 1Inspection for accountability and orientation,
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2,6,0 1Iris Support Assembly
The folloﬁing procedure outlines the assembly of the iris support
assembly, This unit will be shipped ready for the installation
of the iris subassembly and no alignment will be required,
Inspection for accountability and orientation, This inspection
will verify that the assembly operations have been performed
according to the proceeding process steps, and show good workman-
ship, ‘
2,6,1 1Issue Kit No, 11,
2,6,2 1Install cable subassembly M, 0, 3001, 1Install connector

in hole in base of Item 3, and orient per print 31~115,

2,6,3 Inspection for accountability and orientation,

69
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Anceptance Test Procedure
to te performad st MSC,
QGptical Train Subasezmblfes
(Coliimator and Collecter)
Contract EAS 9-38035
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3.0  Acce tance Test - M3 Collector
The tests perforued at 70 will be fceatical to thora puzicried

‘t ma.

The tests will consist of ¢ .1y the optical polad sousce

teat repeated in the same manner as the K0S testes, The-a trite

ave dszcrided in paragreph 3.1 and 3.2,

The date packaze accoupanying each subasscubly will fanclude
actual test data oa reflector optice, flow sud prassure drzps
on the sudzisexblies, certificatea of corpliance for balius
" leak detection taests, certificates of compliance on material
cgll-outs, eote,

3,1 Acceptance, MSC - C-llactor Subessexdly

Ramer simalator rixture byu?.:.
Post, Alignment 61459%,

Burner sizmulator adapter 514535,
Optical Flat 6146381,

Point Source Rod 61483:Z,

Adagter, Purner Simulator 614893,

fPFPppr

Equipment Requireds

———— e e tmem =

\ceou:am#w

‘e
P
-

10

: Laser and stand GFE, MNSC,

Optical benck (5~000) NSC GFE,
_Projection screen,
Camera and tripod,

Attach burner zimulator adapter to burver sfeulator £i-ture,
Install on the optical beoch per (14585,

e oo

Set-yp and operate laser ‘z& ."‘-*f_-t‘.:s'ﬁ}ﬁ turner simulator,
Instal: optical flat in B, 8, iixuge,

Autocollimate to estsblish eoptiecal axis,

Poaition projection screen canersa, etc,

ELOCEEURE
Remove collector subagsembly foom erzie, _
Install collector subassexdly on burner simulater fixtuta;
Adjust havd points on B, §, to mw.clllaato collector

lens with laser,

.S

Instsll pofint scurce in burner sisulator ;sfz e veasriog

optical £1st and cperste at 2 velte 4, ¢,

Thotogreph projected fo3za cn profoction 8¢ “een,

Corpare £33 phato vith ;170 phote,

If photo ehe s 1o

migaligament ¢or ypliysical dJizasge o cospoaests, | .0

photo corstitutes acccprance,

Revised 18 October
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INSPECTION TEST PLAN

7056-Final



INSPECTION PLAN
(Amendment No, &)

ELECTRO-OPTICAL SYSTEMS, INC,

300 N, Halstead
Pasadena, California

60 OPTICAL TRAIN ASSEMBLIES
Contract No, NAS9-5805

31 March 1967

Prepared by {}éuv / f//’ ,(';j

Quality Assurance[Enbmeer

iy
.Approved by A . OAT sy A

ya%/ Quality ASsurance

) S Y1 e Zor s,

Project Manag
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assembly operations 2.3,80 through 2,3.85, 2,3.87
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according to the Collector Assembly Procedure, Use

collector check list té6 record inspection,

Add paragraph 2.1

2,1 Verify presence of good workmanship,

-
.r
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.1 Revision Index

Revision Date
Original May 13, 1966
Revision 1 September 22, 1966



1.

Introduction

This document describes the Nuality Assurance Program which
Eiectro—Optical Systems, Inc. will impleﬁent during the pro-
duction and testing of the QOjtical Train Program. It is
intended to'be in compliance with the requirements of:
A. NASA Publication NPC 200-3, dated April 1962
B. NASA Publication NPC 200-3, Inspection System Notes, not dated
C. EOS Product Assurance Manual, Volume 1, Cuality, dated
October 1963
D. NASA Publication RA-001-008-1, Preparation of Supplier
Inspection Plan, dated January 1966
E. Optical Train Assembly, Contract NAS 9-5805, dated March 16, 1966
F. NASA Publication NPC 200-2, dated April 1962, Section 8
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1.5 Inspection Manual or Procedures

Paragraph 1.6 through 1.19 are the procedures for the operation of
. the inspection system, .

1.6 Drawing and Change Control

A drawing and change control system providing for controlled distribution,
usage, and removal of control documents and changes is maintained by the
Document Control Clerk in the program office. Drawing record cards
itemize the status of each drawing and a Drawing Distribution Record

indicates the points of dispensation.-

Procedures for making drawing changes are outlined in the Design and
Drafting Manual which is an integral part of the Corporate Policy and

Procedures of Electro-Optical Systems, Inc.

When an Advance Document Change Notice is ‘inaugurated, the Quality
Assurance (or Inspection dffice) receives a copy and attaches it to the
print. Until the change notice is recorded on the drawing and new
prints distributed, the notice becomes part of the drawing.

1.7 Control of Procurement Sources

1.7.1 Maintenance of Records, tests and Inspections Performed at the

Source

Suppliers for major items {those items listed in 1.7.3 will be
required to maintain complete records of all inspection efforts
performed.

1.7.2 Source Inspection as Required

The name of the supplier, item and the degree to which source

inspection will be conducted is indicated below:

Supplier Item Degree of Source Inspection
Applied OpticsAV 31-035 100% inspection
and Mechanics 31-111 1007 inspection
Pennsylvania "31-034 100% inspection
Optical Co. 30-018 100% inspection
Coast Metal Craft 31-100 100% inspection on the completed

assemblies to critical dimensions
and first article evaluation on
one each of the parts.

NOTE: Pennsylvania Orptical Co. glass will be inspected at
EQS or AOM using AOM test plates.

12



1.7.2 (continued)

Supplier Item Degree of Source Inspection
Aerolab : 30-001-1 First Article
o : 30-001-2 First Article
Phoenix Aluminum 614320 First Article
and Magnesium Co. :
B & H Precision 30-021 First Article
Tool & Die Co. 30-022 First Article
30-023 First Article

Policy 0-3-A of the EOS Product Assurance Manual describes the pro-
cedure that will be implemented for conducting source inspection and
illustrates the So7rce Inspectioﬁ tag which will accompany material

accepted at the source.

Upon receipt of material which has been accepted at the source by an
EOS Source Inspector, as illustrated by an acceptance stamp in the
indicated space on the Source Inspection tag, a check for identifica-
tion and damage during shipment will be conducted by Receiving
Inspection} If the items are still acceptablé, the Receiving
Inspector's stamp will be again placed upon the Source Inspection
tag. The accepted material will then be shipped to Stores.

1.7.3 Control of Purchase Orders, Including Ouality Assurance Review

or Approval

The purchase orders for the major parts will contain the following

C.,A, requirements:

(a) EOS to perform receiving inspection to drawing and specification
requirements.

{b) Certificate of Compliance required from vendor

{¢) This Statement:
Complete records of all inspection efforts performed shall be
maintained and made available to E0S/or the Government representa-
tive. .These records will substantiate conformance with all
inspection and test requirements necessary to assure compliance
with the purchase order requirements. Vendor inspection equip-
ment to be traéeable to National Bureau of Standards., Positive
methods of segregation of nonconforming material shall be
utilized. The Government and/or EQOS reserves the right to
inspect and test any or all of”the materials included in this

order at the suppliers plant.

13



1.7.3 (continued)

The major parts are listed by part number as follows:

30-001 30-027 30-002 31-117
30-048 30-028 30-025 614331
30-058 30-037 30-024 31-126
30-053 31-016 30-018 614332-1
31-055 30-005 31-034 614332-2
30-049 30-006 31-035 614333-3
30-036 30-026 31-111 614337-3
30-054 30-032 614355 614333-1
30-035 30-033 31-100K 614332-3
30-019 30-034 614577 614335
30-059 31-054 614576

The purchase orders for the remainder of the parts will contain

the following requirements:

(a) EOS to perform receiving inspection to drawing and specifi-
cation requirements or check for identity and damage (as
applicable.

(b) Certificate of Compliaﬁce required from ‘vendor.

1.7.4 Corrective Action At Source

The following corrective actions will be taken with vendors who

supply discrepant items:

(a) Méterial will be returned to the vendor for rework to
specification and drawing requirements.%

(b} A Corrective Action Request letter (CAR) will be sent to
the vendor. The CAR letter will show the details of the
problem {(number of units of product, number of shipments,
number of defective units, description of the defects, etc.)
as applicable), and request a reply from the vendor within
15 working days. If the vendor fails to respond to the
CAR within the allotted time or his corrective action recom-
mendation is not acceptable he will be disapproved as an

EOS vendor.

1.7.5 Vendor Selection, Such as Oualityv History, Preferred Parts, etc.

Vendors fpr major parts will be qualified and selected for use on
this program in one of the following ways:
(a) Evaluation of the vendor performance on past programs by
means of the Supplier History Cards (Policy 0-3-C of the
EOS PAM).
(b) Vendor Surveys (Policy C-12 of the EO0S PAM).
14
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1.7.6 Government Source Inspection Purchase Order Statements
(NPC 200-3, Paragraph 3.2)

Purchase Orders wi}l be presented to the resident government
representative in érder that he may detérmine the need for Govern-
ment Source Inspection. The Purchase Orders  for the major parts
listed in paragraph 7;2C will contain the following statement;
""The Government and/or EOS reserves the right to
inspect and test any or all of the materials
included in this order at the suppliers plant.”

1.8 Government Furnished Property (GFP)

All Government furnished equipment, upon receipt, will be inspected for
identification and damage. In the event damage or inoperable equipment
is found, a report outlining extent and probably cause will be sent to

the Government for disposition.

The following is a list of the GFP which EOS now has:

One each Collimator Subassembly - Part No. RCA 31-000

One each Collector Subassembly - Part No. RCA 30-000

One each Throat Subassembly - Part No. RCA 31-100

One each Carbon Arc Burner Subassembly - Part No. RCA 10-000

One each 400 Ampere-80 Volt DC Power Supply Perkin Electronic - M 3475
One each Chamber "E" Radient Intensity Measuring System (RIMS)

One lot Electrical Switch Gear

One each Test Bench Control Station.

Two each - Blower and Motor Assembly

One each - Indexing Pahel Air Cyl. Item 4 Drawing 18000

One each - Timer Repeat Cycle with Motor Item 2 Drawing 21000

Two each - Positive Position Control Subassembly Item 45 Drawing 10000
One each - Switch, Water Pressure Item 55 Drawing 10000

One each - Switch, Micro with Lever Item 20 Drawing 18000

One each - Space Arc Subassembly Item 44 Drawing 10000

One each - Positive Jaw Sﬁbassembly Item SlhDrawing 10000

Three each - Insert, Tungstén Item 10 Drawing 190000

One each Drive, Positive Carbon item 39 Drawing 10000

Six each - 32-046 Ball Clamps

Twelve each - 10-32NF by 3/4" long socket héad'cap,scrcws and lockwashers
Ore anode and one cathode quicﬁ discornect. Does not include cable.

One Argon Quick Discoonnect, one air Quick Disconnect.

15



1.8

‘continued)

One

. One

One
One
One
One
One
One
One
One
One

Six

each
each
each
each
each
each
lot -
each
each
each
each

each

Four each

Mechanism, Threading Item 40 Drawing 10000
Relay, Time Delay (2 §ec;)

Flash Plate

Exhaust Switch with Vane Assembly
Collimator Handling Fixture

Spare Collector Lens

Bag Spare Collector Parts

One each -

One
One
One
One
One
One
One
One
One
One
One
One
One
One
One
One
One
One
One
One
One
One

One

each
each
each
each
each
each
each
each
each
each
each

each

OSRAM Lamp Power Supply

Control Console, Harness, and Connector

RIMS Console and Harnessing

RIMS Fixture

Radiometers

- Fuse Boxes

Hood Assembly Item 42 Drawing 100000

Fitting "L" Hose Item 66 Drawing 10-000

K & E Alignment Stand

Inside Micrometer Set - 4" (Starrett Catalog No. 823E)

Point Source Light (Vince Tyrrell) ‘

Each spool .005" Stainless Steel Wire

Each Radiant Movie Screen 40" x 40" Lenticular

5-400 Alignment Fixture Assembly Collector Assembly

5-500 Carbon Arc Alignment Fixture Assembly

5-600 Collector-Burner Aligmment Fixture Assembly

Relay, Meter-Model 29XA - Range 0-500 DC Micrometer 280 ohm Resistance
Relay, Time Delay (5 sec.) -
Ness. Modulé Q.D. Hardware ("J" Panel)

Lot - Associated-A, Air Flow Gauges

each - Meter Control Board Diode - 2N1605A

each - OSRAM Lamp

each - 0-160 psig Water Pressure Gauge

lot - Pipe Fittings

each - Servo Amplifier

each - Air Solenoid Valve

water inlet Quick Disconnect and one water outlet quick disconnect.

each - Panel mounted (Fisher-Porter) gauges 1.74 SCFM

each - Panel mounted (Fisher-Porter) gauges SN 650 GE 1002B8

each - Parel Mounted (Fisher-Porter) gauges 4.90 SCFM

16



1.8 (continued)
Six feet ~ Gray Vinyl Tubing
One each -~ Pressure Sensing Switch
One each - Iris-ﬁhroud Assembly
One each - Iris-Subassembly
One each -~ Shroud Gasket
One each - Iris "O" Ring
Two each - Field Lens Assémbly with "0" Rings
One each - Spare Field Lens
Three each - 30-052 Cantalever

One each - Argon Regulator

0 to 4.8 gpm Flow Meters
Solar Cell

Two each

One each
One each - 5-200 Throat Alignment Fixture

One each - 7-600 Lamp Bracket )

Periodic inspections of the GFP will be performed by EOS 0.C. during this
program. These inspections will verify accountab}lity and that proper
controls are being used to prevent damage or detegioration during handling
or storage. ‘

1.9 Identification, Handling and Storage of Material

A. TIdentification of limited-life items with expected life indicated. Policy
0-11 of the EQCS Product Assurance Manual describes the procedure for
assuring storage control for items that deteriorate with time. The Age

Control tag exhibited therein will be attached to all items requiring
’

this action.
B. Specific handling devices for delicate parts, etc. The mirrors and
lenses are the items which require special handling procedures. These
items will be stored in their shipping containers and will not be
opened until needed for assembly. Only persons who have had sufficient
experience on the handling of optical components will be allowed to
handle the mirrors and lenses.
C. Identification of inspection status on stored items. All boxes of
parts in stores will either have a Source Inspection or Receiving
Irspection Acceptance Tag affixed. These tags are illustrated in Policy

N-3-B, page 4a of the EOS Product Assurance Manual.

17



1.10 Control of Raw Mnaterials

The control of raw materials will be done by requiring the vendors to

furnish Certificates of Compliance.

The Certificates of Compliance

required from the vendors will be to different degrees of stringency

dependent upon the critiCalit& of the item they are making.

The fol-

lowing is a summary of the requirements EOS has impesed on vendors

to date: )
A Certificate of Compliance to EOS PURCHASE ORDER REQUIREMENTS IS REQUI

A.

required from all vendors.

Material certifications are required from the following vendors:

Part No.

8307-100

2" dia. check plate

PIC #4329U

AN816-6-8

AN 6290-6

Stainless Steel Bar Stock
Typ 304, 3/8" x 1-1/8"
Stainless Steel Angle

Typ 304, 1" x 1" x 3/10"
Stainless Steel Bar Stock
Typ 303, %" x 1" _
Tubing per MIL-T-8504

5/8" 0.D, x .065 w

304 cres steel

614699-1

614699-3

614699-5

126-197

126-196

614331

614577

4302

Permology #2000

30-024
30-025
30-038
30-035

3/4" nominal type L soft

A O LI PN O DO

3/8" nominal type L soft

5/8" 0.D. x .035 wall soft Ann. =
3/8" 0.D., x .032 wall soft Ann.

1/4" 0,D. x .030 wall soft Ann., wee—d

30-032
30-033
30-034

18

Vendor

Dow Radio

AOM

P.I.C, Design Corp.
Air Hardware, Inc.
Cal-State Seal

Jessop Steel of California

Tube Sales
Rick Machine Shop

R&C Electronics

Parker Pattern and Foundry
Parker Pattern and Foundry
McMaster~Carr Supply Co.
Perma-latem

B&H Precision Tool and Die Inc.
B&H Precision Tool and Die Inc.
Trio Metal Stamping, Inc.
Design Machine Products

Iler Pipe and Supply Co.

Tool and Engineering Irc.
Tool & Erg. Inc.
Tool & Eng. Inc.

Swift-Cor
Swift-Cor
Swift-Cor



1.10  {continued)

30-026 B&H Precision Tool and Die

30-005 Crown Valley Thread, Inc.

31-016 Crown Valley Thread, Inc.

30-019 ' Design Machine Products

30-054

30-036&

30-049

30-053

30-001 Aerolab Dev. Co.

614320 . Phoenix Aluminum & Magnesium Co., I

C. Physical and Chemical Certifications of all materials and processes

are required from the following vendors:

Part KNo. Vendor

614579 Pierce Precision Sheet Mectal
30-038 Short Run Stamping Co., Inc.
614355A Phoenix Aluminum & Magnesium Co., I
31-100 Coast Metal Craft

31-117G Sigma Casting Corp.

31-113A Gasket Mfg. Co., Inc.
614352-1 — Quintesco, Inc.

614352-5 E

614333-3

614377-3

614333-1 (

614332-3

614332-7 —— b

614337-1 Holling Inter Mountain
614334-1 Holling Inter Mountain
614334-3 Holling Inter Mountain
614562 Crown Pattern and Foundry
614563 Crown Pattern and Foundry
614335 Design Machine Products

1.11 Inspections and Tests

1.11.1 Source Inspection

Policy Q-3-A of the EOS Product Assurance Manual describes the
procedure that will be implemented for conducting source inspection
and illustrates the Source Inspection tag which will accompany

material accepted at the sourde.

Upon receipt of material which has been accepted at the source by
an EOS Source Inspector, as illustrated by an acceptance stamp in
the indicated space on the Source Inspectioﬁ tag, a check for
identification and damage during shipment will be conducted by
Receiving Inspection. TIf the items are still acceptable, the
Receiving Inspector's stamp will be again placed upon the Source

Inspection tag. The accepted material will then be shipped

to Stores. 19



1.11.2

1.11.3

1.11.4

Receiving Inspection

On all material which has not been source inspected by EOS,

Receiving Inspection (per EOS PAM, Policy 0-3-B) will be

conducted.

Specific instructions for receiving inspection are

contained in II #7056-R.

First Article Inspection

A First Article Evaluation Report, in accordance with Policy 0-7

of the EOS Product Assurance Manual, will be prepared for all

parts.

In-Process Inspection

The assembly operations necessary to go from the piece part

level to the subassembly level will be defined on Manufacturing

Orders (MO's). These MO's will designate the inspection steps

to be performed during the assembly operations. By affixing the

inspector's stamp to the MO beside each inspection step as it

is performed, the MO (which travels with the hardware throughout

the fabrication process) serves as the in-process inspection

record.

Policy Q-3-D of the EOSHProduct Assurance Manual

describes the procedure for in-process inspection.

The following section contains the manufacturing Orders, Yest’

and Assembly Procedures, Kit Lists and Inspection Instructions

that will be used to control the assembly and test nperations

for this program.

This documentation is organized as follows:

K1.11.4.1
%1.11.4.2
%1.11.4.3

1.11.4.4
£1.11.4.5
X1.11.4.6
¥1.11.4.7

1.11.4.8
#1.11.4.9

Manufacturing Orders for Collector
Assembly and Test Prdcedure for Collector
Kit Lists for Collector

Inspection Instructions for Collector
Manufacturing Orders for Collimator
Assembly and Test Procedure for Collimator
Kit Lists for Collimator

Inspection Instructions for Collimator

Manufacturing Orders for Throat

20



%1.11.4.10
#1.11.4.11
1.11.4.12
¥1.11.4.13
%1.11.4.2

¢1411.4£%9

1.11.4.16
1.11.4.17
g¢1.11.4.18

1.11.4.19

1.11.4.20
1.11.4.21
1.11.4.22
1.11.4.23

Assembly and Test Procedure for Throat

Kit ﬁists for Throat

Inspeétion Instructions for Throat

Manuf%gturing Orders for Mirrors

Reviséd Manufacturing Orders for Mirrors (to be
incorporated when they become contractually required)
Test Procedures for Mirrors

Inspection Instructions for Mirrors

Inspection Traveler for Mirrors

Revised Inspection Traveler for Mirrors (to be
incorporated when it becomes contractually required)'
Additional Inspection Instructions {to be
incorporated when they become contfactually required)
Inspection Check List for Collector

Inspection Check List for Collimator

Inspection Check List for Throat

Inspection Instructions for Receiving Inspection
s

% Sse gyrw'ww‘}' ffaiié’iz;w y{ ﬂf&ﬂ*pﬁie"?gﬁ@;& ij«;f';?ggfawzﬂ-ﬂ.uee

Test Plaw
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1.11.4.4 Inspection Instructions for Collector

s



PART NO. REV.

ey I11# 7056-0 PART NAME Collector
%ﬁf ' In Process Inspection
£33 ’NSPECTION INSTRUCTION INSPECTION STATION OR AREA
< 3

PREPARED BY DATE | APPROVED B foaTg SUPERSEDES

K. Cotder R bt 7 /,@9# /0;7//54
: 7 —
1.0 Verify that assembly operations 2.3.4 through 2.3.11 have been performed

according to the assembly procedure. Use collector check list to record
inspection.

2.0 Verify presence of good workmanship.
3.0 Verify that all test and inspection equipment is calibrated.
4.0 Stamp M.O,

45
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PART NO. REV.

11#7056~1 : PART NAME Collector
In Process Inspection

lNSPECT‘ON INSTRUCT{ON ' INSPECTION STATION OR AREA

4
SREPARED BY [oaTe APPROV/JD ' {DAT; x SUPERSEDES
K. Corder B e jfaﬂgﬁy /ﬁliﬁéu§
77
1.0 EOS inspector to witness assembly operations 2,3.80 through

2,3.85, 2.3,87 through 2,3,89 and verify that they are being
performed according to the Collector Assembly procedure, Use
Collector Check List.

2.0 Use collector “check list to record lnspectlon
2.1 - Vawify preseunce o gosd wsektveanshig,
3.0 Verify that all test and inspection equipment is calibrated.

4.0 Stamp M.O,

46

FOG FORM NO BEE 3~(4



PART NO. QEV.

11 #7056-1A PART NAME Collector

W
ém“ In Process Inspection

{:_:3 lNSPECT’ON lNSTRUCTlO!\J INSPECTION STATION OR AREA
= : | 4

S

Point Source Test

PREPARED BY [oaTE APPROVEQ, B [oaTg SUPERSEDES
€ Goraer Rl W L)1 Y)Y,
7 —

1.0 EQS inspector to witness assembly stéps 2.3.?2 d 2.3.98 and verify
. Coéigetor ?S\WS :
that they were performed according to theaproce uré, Use collector
check list to record inspection. :

2.0 Verify that all test and inspection equipwent is calibrated.
2.} U'e;;»‘-fy o nesenlfe »§ 6@»& 1989 % wade g hig
3.0 Stamp M.O,

47

£0S FORM NO 565 3-64



PART NO. ngv,

3

r ; PART NAME
is?;;. II #7056-2 - In-Process Taupectios
3 INSPECTlON INSTRUCT!O\J INSPECTION STATION OR AREA
PREPARED BY [oaTE APPROVED B

( [oAT SUPERSEDES
K. 'Corder ey o ﬁﬂffl /"79’/&4
=

Ee@n a. waﬁﬁ@ﬁ}w ‘&@

1.0 B Verify that assemb]y operations 2.3. 16 thru 2.3.20, 2.3.30 thru 2.3.41,
23474:%1’ 2.3.51, 2.3.56 thru 2.3.Z1, 235@thru23£§,23]§»
2.3.94, 2 3 24 thru 2.3. 149 waX8%%en performed according to the

assembly procedure. Use collector check list to record inspection.

2.0 Verify presence of good workmanship.
3.0 Verify that all test and inspection equipment is calibrated.
4.0 Stamp M.0,

48

FO5 FORM MO 568.3-64



IT

#7056-2A

INSPECTION INSTRUCTION

PART NO.

lREV.

PART NAME
Collector Hydro Test

INSPECTION STATION OR AREA
5

PREPARED BY [oaTE APPROVED BY fDA:} SUPERSEDES
K. Corder o M_? /ﬁﬂ/{ /o, ?’A,é
i 7 !

1,0 EOS inspector to witness Hydro Test and verify that it is performed
in accordance with assembly step number 2.3.123. Use the collector
check list to record the inspection. '

2.0 - Verify that all test and Inspection equipment is calibrated.

3.0 Stamp M.0O.

coa FORM ND S8 3-64
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P
b hm

PART NO. REV.

IT #7056-3 PART NAME Collector
Final Inspection’

INSPECTION !NSTRUCTION’ | INSPECTION STATION OR AREA

5

[oaTE APPROVED

PREPARED BY A B bYS) SUPERSEDES
K. Corder Tt 7&{:7? /f/// Ve qé&
T

1.0 Verify that the collector check list is compiete and that all operations
were acceptable.

2.0 Verify that the collector M.0 is complete and that all operations were

“acceptable.

3.0 Vefify that all RDR'S, ISR's and MRB's pertaining to this subassembly
have been processed correctly and that any rework required and/or MRB's
have been bought off by the Government.

4.0 Present the check list, completed M,0.'s and bought off MRB's to the
Goverrment inspector for Final buy off.

5.0 Stamp M.Q,

6.0

Attach final acceptance tag on unit and stamp. Have Government inspector
stamp Final acceptance tag-

50

£0% FORM NO 866,3-64
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e I1 #7056-4

INSPECTION INSTRUCTION

PART NO.

REV.

PART NAME  Collector
Packaging Inspection

INSPECTION STATION OR AREA
6

PREPARED BY [oATE APPROVED BY [oATE SUPERSEDES
K. Corder R Z/(7Z /’@ﬂ,g/ /o/;//&f{

1.0 Verify that unit is mounted correctly in its shipping container
{drawing #614758)

AN . X , :

éifz// Record any deficiencies (on a ISR) which could cause damage in

' transient and forward to the responsiblie Q.A. Engineer and project

Manager.

3.0 Stamp M.O.

EOS FORM NO 566,3-64

51



PART NO. REV.

PART NAME Collector
Shlppxng Inspection

INSPECTION !NSTRUCTION liNsFEcTIOn STATISN OR AREA

IT #7056-5 » 6
'REPARED BY [oaTE APPROVED BY [DATE SUPERSEDES =
K. Corder 10-4-66 10-4-66
1.0 Verify that the following documents are filled out properly
and included in the data package:
1.1 ECS QA certified copy of test report for each unit
1.2 EOS Certificate of Compliance for each unit,
1.3 DD 250
1.4 GBL
1.5 1Inspection Travelers for each unit (#1 and #2 mirrors)
2.0 Stamp shipping block on acceptance tag.,
3.0 Stamp M.0,
4.0 File MO's, Inspection Traveler for Mirrors, Acceptance Tag, Shipping

Tag, ISR's, MRB's and any other pertinent information in a folder
that is identified by the un8ts serial number. Make a separate file
for each unit,
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1.11.4.8 Inspection Instructions for Collimator

67



fpama

INSPECTION INSTRUCTION

PART NO REV.

PART NAME COLLIMATOR
IN-PROCESS INSPECTION

KNSPFL (”)N STAT‘G'\J OR AREA
@ II #7056-5A 4
PREPARED BY [DATE APPROVED Y s D"TE , SUPERSEDES
K. Corder R S REE 7’;] ﬁ/ﬂ,ﬂ/ o /oz% {,é L-,_w_,,;_.

1.0

2.

3.0

£0S FORM NO 566,3-64

EQOS inspectér to witness assembly step‘No. 2.4.7., Verify that
the collimator support subassembly is aligned in accordance
with assembly step 2.4.7. Use the collimator check list to
record this inspection.

If the collimafor support subassembly is aligned correctly
stamp M.O,

Verify that all test and inspection cquipment is calibrated.



% INSPECTION INSTRUCTION

PART NO.

REV
SRS O N - VRSN SO
PART NAME COLLIMATOR
) IN "PROCESS“ II\SPECl IOb« _
‘X,Sr‘i_\”f")"l STATION DR 1 EA

4

et
; 11 # 7056-6
&
PREPARED BY lpate {APPR TE 2, T
K. Corder /. | . 7 Z}/ﬂzﬁlg
1.0

]
(o)

£0S FORM MO 556,3-64

‘5ATE
Nz, ?’/éé'_‘,_éi-

i SUOEwSEDES

9428 Z/”“”//“lq ’e

EOS 1nspector to witness assembly step hob-&—éﬁsﬁ—and verify

that all assembly operations are performed according to the

procedure,

After completion of assembly step No.
assembly operations 2.4.3 thru 24H

v o 7\./

2.4.17, 2. I/A 2.4723, 2.4.26 thru

correctly.

Verify that all test and inspection eau

Use collimator check list

2.4.29, verify that
2.4.8, 2 ]° thru‘
42, 4— 3
4,27 were pcrformed
to document this inspection.

iprent is calibrated.

Verify the presence of good workmanship.

Stamp M.0
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PART NO. REV.

i [PART NAME  COLLIMATOR
. HELIUM LEAK DLTECTION
fuf |NSPECTlON ‘NSTRUCT’ON INSPECTION STATION OR AREA
.ﬁ% IT # 7056-6A : s
PREPARED BY [oaTe APPROVED By Torie I SUPERSEDES
K. Corder i/," l 7{[?/%/# /’.ﬁz,/g’/é I
- il TSI Fe I

1.0

EQS irspector to witress Lhe Helium Leak Test and verify that it

is performec according to assembly procedure, paragraph 2.4.32. Use
the collimator check list to recnrd this inspection, -

Verify that all test and irspectiorn equipment is calibrated.

Stanp the }M,0,

70
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PART NO.

REV.

iy PART NAME  COLLIMATOR
oy HYDRO TEST
y , -+ o RO TES
f;;ﬁ ’NSPECT[ON 'NSTRUC ! lOt\l H\.DPECFMN STATION OR AREA
IT #7056-68 5
PREPARED BY [oaTE ‘APPROVED BY T TToATE | | SUPERSEDES
K. Corder _:f_f;,/;;w-_-__,-fl,‘-“ M ;//7/67/ _ jj }//‘ i
1.0 EOS inspector to witness the Hydro Test and verify that it is performed
according to asscmbly procedure paragraph 2.4.33. Use the collimator
check list to record this inspection.
2.0 Verify that all test and inspection equipment is calibrated.
3.¢ Starp M.O.

FOS FORM NO 566,3-64
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F AT

g

S

11 #7056-7

73 INSPECTION INSTRUCTION

PART NO

'PART NAME  CO1TTMATOR

~__ FINAL Ii\-JPI Crios
N SPECT ON STAVILN SR AF (EA

REPARED BY

K. Corder

|DATE “APPROVED

C

E05 FORM NGO 56

1.0 Verify that the collimator

operations were acceptabid.

2.0 Verify that the collimator

operations were acceptable.

e W T

check list is complete and that all

M.0,

is complete ard that all

3.0 Verify that all RDR's, ISR's aud MRB's pertaining to this

subassembly have been processed correctly and that any rework

required and/or MRB's have beer bought off by the government.

4.0 TPresent

to the

the check list, completed M.0O.'s and bought-off MRB's

5.0 Stamp M.0

szoverrment inspector for final buy-off.

6.0 Attach final acceptance tag on unit and stamp. Have government

inspector stamp final acceptance tag.

6.3-64
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PART NO. ) REV.

% PART NAME.  COLLIMATOR
* _PACKACIKG IN3SPECTION

{;} ‘NSPECT‘ON INSTRUCTION INSPECTION STATION OR AREA

11 #7056-8 : 6

>SREPARED BY [oATE APPROVED BY loave SUPERSEDES

K. Corder : MPLEFK ]
T I I T LT T T T LT f z i

1.0 Verify that urit is mounted correctly in its shipping container
(Drawing No. 614759). -

2.0 Record any deficiencies on an ISR which could cause damage
in transient and forward to the responsible C,A, Ergineer and’
Project Manager.

3.0 Stamp M.O.

73

FOS FORM NO 566,3-64



PART NO. REV.

#AﬁT MAME : EéiLINATOR
SPIPPIM, II SPECT IOI

INSPECTION INSTRUCTION [INSPECTION STATION OF AREA

II #7056-9 . 6

PREPARED BY ) {DATE APPROVED BY iDATE l SUPERSEDES

K. Corder N 7""/ t?./)ﬁ' ::,,*-_/‘Zi/i‘é »

1.0 vVerify that the following documents are filled out properly and
included in the data package:
1.1 EOS 0.A, certified copy of test report, for each unit,

1.2 EOS Certificate of Compliance, for each unit,

1.3 DD 250
1.4 GIL
1.0 Tog eo. on rovelors favoas it (#3 and # mirrors),

2.9 Stawp shippirg block on accoptarce tag
Stamp M.O.
File MO's, Accep‘tanco_ Tag, Shipping Tag, ISR's, MRB's, and any
other pertinent information in a folder that is ‘identified by the

units serial number. Make a separate file for cach unit.

FOS FORM NO 566.3-64



1.11,4.12 1Inspection Irxstructions for Throat

85



PART NO. iREV
e SR S
FART NAME ThROAT

_ . IN-PROCESS INSPECTION
i E. 'I,h STATELEN OR AGREA

INSPECTION INSTRUCTION

IT #7056-10

REPARED BY

[APPROVED fir oaTE ! rdp‘mSiuﬁo

K. Corder‘iCZ//{él fy’// /21,4';‘?"1..”

!

1.0 EO0S lUSp ector to verify that ussembly operations 2.5.2 thru 2.5.6

el

oo rs Tl were 1orformed according to the assembly pro-

cedure. Use throat check 11 t to record irspectiorn.

2.0 Verity that all test ard inspection equipnent used is calibrated.

¢ Verify the presence of good workmarship.

4.7 vyerify that the throat check list is complete and that all operations
were acceptable, ;

Verifv thit the tlroa' M.N. is ¢ mplete and that all operations

were acceptaale.

Verify that all RI'R's, I5R's and MiB's perteinine to this sub-

assenly have beer processod corrcetly arnd that any rework reaquired

ard/or MRB's lave been bousht off by the governmert.

Present the check list, corpleted M.0.'s and bought off MRB's to

the governmernt inspector for fimal buy off.

Starmp k.0

Attach final acceptance tag on vpit ard stamp. Have goverrmert

inspector stamp firal acceptance taxn.

86
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INSPECTION INSTRUCTION

11 #7056-11

PART NO.

PART NAME TEROAT

REV,

PACRAGING INSPECYION

'NS‘-’-"E‘"T!ON 4TATION OR AREA

6

PREPARED BY

[oaTE APPROVED BY

K. Corder .o /44 KK/Z’/W'?_:_— =

‘DATt

fﬁ/%fa il

SUPERSEDES

1.0 verify that Lnlt is mounted correctly in its shippinz container

(drawini; No. 514757).

2.0 Record any deficiencies on an ISR which could cause damage in

transient and forward to the responsible .4,

Marager.

3.0 Stamp M.O.

87

Engineer .and Project



PART NO.

"T"

 REV.

e [BART RANME  THROAT
= ‘ - i SHIPPING INSPLCTICE
3 INSPECTION INSTRUCTION FINSEECTIn Sration oR ARis -
& I No. 7056-12 oo b
!
- T T T el ".i;':;.;’ T T T T T L T T T T T -
PREPARED BY - ToaTE ﬁAPPR ED m DATE ETSUP&HSEDES
K C()rdor /0// 16 I){ ]1 i ? _/_b_/{/{é,',g ,;i:";_’ i S U U S A AR

1.0

2.0
3.0
4.0

Verify that the following documents are filled out properly and
iné]uded in the data package: .

1.1 EOS Certificate of Compliance for each unit,

1.2 Db 250

1.3 GBL

Stamp shipping block on acceptarnce tag ard }M.0.

Stamp M.O. )

File M.0.'s, Acceptance Tag, Shipping Tag, ISR's, MRB's and any other
pertinent infornation in a folder that is identified by the units

serial number. Make a separate file for each unit.

88
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1.11.4.16 Inspection Instructions for Mirrors

120



PART NO. REV.
gﬁg "PART NAME
™ OPTICAL TEST
3 INSPECTION INSTRUCTION NSPECTION STATION OF ARER
< I1 #7056-14 -
PREPARED BY IDATE APPRGVED BY”"“"'“"”““ " Toa “_M-MH"VS—LPERSEDES

10/1 /¢4

‘/{“ /E’j?:ti/?; :f‘ ?T'_i'.', Lrmod

’DAT} /
é

el

K. _Lorder .. iy |
1.0 EOS inspector will be notified by optical test personnel when a
mirror is ready for test. ‘
2.0 EOS inspector to verify that all test and inspection equipmert used
is calibrated.
3.0 EOS inspector to witness Optical Tests and verify that the test is
run in accordance with the following procedures:
Mirror #1 - Process Specification #0.7.1000 Appendix 1
Mirror #2 - Process Specification #0.T.1000 Apnendix 2
Mirror #3 - Process Specification #0.T,1000 Apperdix 3
Mirror #5 - Process Specification #0,7.1000 Appendix 4
4,0 1f the mirrors pass the optical tests the inspector is to

acceptarce

stamp the inspection traveler, M.,0, aud Final Optical Test Sheet.

o FORM MO SE6 V- 64
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INSPECTION INSTRUCTION

I1 #7056-~144

PART NO. REV,

U O

PART NAME
MECHANICAL INSPECTION

INSPEC tlU'J STATION OR AREA
7

- S PU—

PREPARED BY

OATE APPRQVED
K. Corder /QZ/‘, é,{f ,5%/;2‘

1.0 EOS irspector to measure the I.D. and 0.0L.
P

Vernier Caliper.

TUATE SUPERSEDES
/Qj@Q{¢»¢

The I.I's; ard 0,0,

of the mirrors using a

dimensiors and tolerances for

the various wirrors are contained on the following drawings:

Mirror #1 614331
Mirror #2 614577
Mirror i#3 6145746
{irror #4 614320

2.C EOS irspector to also check the location and width of the slots

on the No. 4 mirror.

Verify that all inspection equipmert used is calibratced.

Verify presence of good workmarship.

5.0 If mirrors are acceptable, EOS iluspector is to stamp inspection

traveler and M.0.

122

£0S FORM NO 566,3-64



o

pil

S

INSPECTION INSTRUCTION TN SO SR

PART NO. REV.

PART NAME

II #7056-15 9

REPARED BY

' [DATE APPEOVED? y T SUPERSEDES
K. Corder /0;//’ /‘{/ f//'/ rwf - o X//é i

1.0

2.0

3.0

EOS inspector to verify the following:

A. That EOS supplicd MSC 12 representative sample coatings on
glass slides.

B. That MSC returned 6 of the slides.

C. That the sawple number corresponds to appropriate replication
rumber and is vrelated to proper mirror serial number as
indicated on the M.0,

Z0S inspector to witness reflectivity test and verif; that specular

reflectivity readings are taken at 380, 550 and 850 millimicrons for

each mirror and that the measured reflectivity of the production
sarple is not more than 27 below the reflectiviéy of the standard

(average for the six samples), slide for the wavelength tested.

If the slides are acceptable, stamp the M.0.; inspection traveler

and enter sanple S/N along with reflectivity reading for each test in

the reflectivity record book. Book is to be kept in the inspection

files.

123
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PART NO. REV.

= ; TPART NAME
. . FINAL INSPECTION
2 INSPECTION INSTRUCTION [INSPECTION STATION OR AREA
& 1T #7056-16 - 98
PREPARED BY [oaTE APPRONED éywwpwwwM—TEATM‘W?? I SUPERSEDES
K. Covder /o) 08 R/ Tt F ol |

1.0 Verify that edse seal SK-82 has been applied to the I.D. acvd 0.D,
of all mirrors. .
2.0 Verify that the surface cuality corresponds to the following
requirements:
2.1 Acditionally, 1% of the usable surface area of each mirror may
exceced its tolerances provided that no siugle defect shall have
an area greater than 1/10 of 1% for Mirrors lto. 1, 2, and 3,
and 1/20 of 1% for Mirror No. 4. Areas effected by edge scalir:
of coatings and/or non-usable inside diameters and outside
diameters, as previously defined during the course of the

contract, shall rot be included in the 17 allowance,

3%

[

Additiorally, for Mirrors No. 1, 2, and 4, a photorraph of the
projected "flashk'” will be made where feasible. 1If apparent
abnormalties are noticed, the mirrors will "e repositioned and

the prescribed tests will be pérformed to include the auvestionable
areas. Mirrors will be acceptable if the measured deviatiovs do
not exceed the wmirror reflector figure tolerances and para. 2.1.
2.3 Mirrors Bo. 1,2, and 3 shall have no more than 1% of the surface
area beir; ror-reflective with further_limitations to arca cefired
in 2.1 above. Mirror '». 4 shall have only 1/4 of 1% allowable
surface defuct area except for an allowable 1/4 inch wide band

at inner and outer edgées. In total only 1% surface defects shall

be allouvable.

4

.4 The 1% area allowable for optical slope defects and the ahove defined
or coatiny defect areas stall rot be corsidered additive. 1> move
than ore percent shall be allowed for the total of both types of

defects.

124
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REV, A Dated 12/28/66
II No. 7056-16- (continued)

Page 2 -

3.0
4.0

5.0

6.0
7.0

2.5 The presence of mirror surface defects which—ére normal td the
replicated mirror processes and which are not obviously the
result of poor workmanship shall not be cause for rejection.
Pits and digs replicated from the master shall not exceed
the allowable areas above.

Chart #1 is to be used to judge the.surface quality of the mirrors.

Verify that all operations on the M.0,'s and inspection travelers

have been completed,

Verify that all ISR's have had the rework accepted by the DCAS

inspector}(%tamp ISR:)Pr have been dispositioned '"use as is" by

EOS QA Engineering and the project manager if discrepancy is within

contractual requirements. '

Verify that all MRR's have been bought off by EOS and DCAS.

If the mirrors and documentation are acceptable, stamp the final

inspection block on the M,0. and inspection traveler.
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EOS QUALITY ASSURANCE
INSPECTION TRAVELER

NASA MIRRORS

CONTRACT NO,
NAS9-5805

‘1, Inspect Casting

Inspect Cleaniﬁg of Casting

Loong T
N E A

Inspect Bonding of Mirror to Casting
4, Witness Optical Test
5, Mechanical Inspection

Inspect Coating of Mirror
(coating test)

Witness Reflectivity Test

Reflectivity test may be performed

after completion of final inspection

and release of mirrors for assembly,
8, Final Inspection

127

Revision A

12-12-66
P/N:
S/N:
GOVT, INSPEC, EOS DATE

B




'1.}1.4.19 Additional Inspection Instructions for Mirrors
(to be incorporated when they become contractually required)

129



PART NO. REV,

PART NAME

' - Cleaning
lNSPECTlON INSTRUCTION INSPECTION STATION OR AREA
‘ II #7056-17 - ' B
EPARED BY [oaTE APPROVED BY , loaTe SUPERSEDES
. Corder 11-1-66 /A A
7 | '

1,0 Inspect the cleaniﬁg operation for all mirrors, Record inspection on cleaning
inspection check listy » . . .

2.0 Verify that all test and inspection equipment used.is calibrated,

3,0 Verify that production personnel have copies of and are using the latest revision
of the cleaning procedure (EOS Directive 12-2), |

4,0 Stamp manufacturing order and inépection traveler,

105 FORM NO.566,3-64 130



PART NO. | REV.
E;“.‘; PARf NAHME
» . , . ' Bonding
'@ INSPECTION INSTRUCTION i INSPECTION STATION OR AREA
S5 II #7056-18 i : __ 7B
'REPARED BY [oaTE APPROVED BY |DATE / SUPERSEDES
{. Corder 11-~1-66 . ,’,"’:7 . - : 77 /{:, - ) .

s
4

1.0 Inspect the bonding dperation for all mirrors, Record inspection on bonding
_ inspection chéck 1ist, - ‘
2,0 Verify that all test and iﬁs?ection equipment used is calibrétéd,
3,0 Verify that all material requiring age control is within its current use date,

4.0, Verify-that the bonding test is performed in:accordanceﬂwitﬁﬂthéwtofque-shear

adhesion—test—-procedure, EOS-Directive No,-15-2,
5,0 Verify that the production personnel have copies of and are using the latest

revision of the bonding procedure (EOS Directive 15-2), meu«,,ﬁw~““’”/

6,0 Stamp manufacturing order and imspection traveler, ~————"

. 131
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PART NO. REV.
E PART NAME
F Bonding
O INSPECTION lNSTRUCT‘ON INSPECTION STATION OR AREA
S IT #7056-18-4 7B
PREPARED BY |DATE APPROVED BY [oATE SUPERSEDES N
F. E. Schwalbe 1-11-67 . Frepne U5 ,,/ 2y / m/w

1,0 Witness and verify that the bonding test is performed in accordance with the
torque shear adhesion test procedure, EOS Directive No, 15~2, Record value
on Manufacturing Oxrder (MO),

2,0 Stamp Manufacturing Order and Inspection Travéler.

;31}3'
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PART NO. REV.
s PART NAME
%‘:;‘ ) _ COATING
L lNSPEC MNON INSTRUCTION | INSPECTION STATION OR AREA
& I1 #7056-19 )
PREPARED BY [0ATE APPROYED BY TE .\SUPERSEDES

A_:DAT (
K. Corder_[[vé /Zb Kf!y//if? — j://{f'eﬁ

1.0 EOS inspector to perform the coating test referenced in para.
4,11 of MIL-M 13508A on all mirrors.

2.0 Stamp M.0. and Inspection Traveler.

132
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1.11.4.20 Irspection Check List for Collector
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[ ef 7

Inspection Check List
for Collector
: Serial No.

“ference . . s ; . . 4
:;semblv Brief Description of Inspection Requiremert f///i;//iij;/;;//
Procedure . ) i J//, .

4
Verify that the parts listed are’installed in accordance %
with Drawing 614575 and the assembly procedure. !
Inspection per IT #7056-0 i
2.3.4 (3) flanges, item 4(30-006), flat face out : j
(9) Screws and lockwashers, items 14 and 15°. b4 é
2.3.5 (3) flanzes, item 47 (30-050), flat face out _ . ' i
(9) Screws and lockwashers, items 13 and 15 _ . i
2.3.6 (1) point, item 21 (30-028) } § i
(1) rut, item 23 ; P § .
(1) ring, item 48 - ; g :' % ;
2.3.7 (2) points, item 22 (30-027) E ; % i
(2) ruts, item 23 é ; 3 % i
2.3.8 (2) lower suppasrt tubes, item 57 (30-059) E Lo ; ,
(2) threaded plugs, item 58 (30-058) 2 ; ;
(4) screws and lackwashers, items 55 and 56 ; .
2.3.9 (+) spacers, itewm 3 (30-003) g ;
(4) screws and lockwashers, items 15 and 16 g o
| :
2.3.10 (1) fittings, item 36 g [
() connector, item 42 5 E . E
Varnish all pipe threads, item 73 ; ;o g
2.3.11 (1) cooling panel, item (30-002) P P
' (2) screws, item 13 2 T i _
Yoo
(2) screws, item 14 oo % .
(4) lockwaslhiers, item 15 § D g ;
Inspection per II #7056-1 P :
2T gy—————terify that mirroré #1, #2 and vane subassembly azsu&ﬂ”“”'«ﬂ“nﬂﬁfM‘MMM";

2.3.81 Verify that the reticle“?bﬁ'ﬁ;%igr #]1 is centered on the ; : ;
laser beam.ﬂwﬂfaﬂw,,«f,,nwﬂ‘” “NN%\“““%m~N A S
- w'/..n—”' w ’ : ’

y"'/ G on dree T M\M .
Vi D —
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(Page 2 of 7)

INSPECTION CHECK LIST

FOR COLLECTOR

'REVISED DECEMBER 7, 1966

Para. Nos. . : o : , ) : Serxal No.
Reference L o S ‘
Assembly o //
Procedure Brief Descriptlon of Inspection Requirement

Inépection per II #7056-1
Revised November 7, 1966

rro.

2.3.80 Verifyautocbllunatunxof allgnment rod, fixture
No. 614681, ,

2.3.81.' Verify centering of No. 1 mirror reticle onyléser
) beam. Tqrque item 13 to 75 in 1bs.

2'3‘82:, 2’ -Verlfy centerlng of No. 2 mirror reticle on laser
- . beam. Torque. :

2.3;83 ' ,7 Verify .794_i .005“ dimension

2.3.84 - - Verify illumination of I.D. of No. 2 mirror

2.3.85 | Verify the ﬁocuse&‘image-on the las;r beam at thé

projection screen.

2,3.87 © Verify positioning of alignment fixtures.
2,3.88 b.«Verify that items 14 and 16 are tight. ‘
2.3.89 . Verify that point:source rod is installed.
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INSPECTTON CHECK LIST

“FOR COLLECTOR

'REVISED DECEMBER 7, 1966

{Page 3 of 7)

'Para. Nos. - 1Serial No.'

Reference

Assembly : A .
Procedure Brief Description-of Inspection-Requirement

Inspectien-per Ii“#7056-1A
Revised November 7, 1966

©2.3,92 Verify lens reticle centered in:laser beam.

2.3.93 Verify that projected leser image fromzthe

: front ‘and rear surfaces ere autocellimated, ‘

'2.3.9% Verify 8.141 j:;OOS" dimension,c

-2.3;9S' Verify eptical flat is centered in laser beam.

: Check torque. T '

2.3.96 ‘Verify dimension 5.442" + ,005",

2.3.97 Verify fixture is removed.

'2{3.98 -ngifygpoint}source light test.
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(Page 4 of 7)

INSPECTTON CHECK LIST

"~ FOR COLLECTOR

'REVISED -DECEMBER 7, 1966

-

"Para. Nos;- Serial No.

Reference .
Assembly » ;
" Procedure Brief Description of Inspection Requirement

Inspection per 1I #7056-2
2.3.16 Verify installation of (3) ite s 53 on (3)
items 59. -
5'5.3.1% ’-Verify iﬁstal}ation of (3) items 64.
2.5118 4 Verify‘ins;allation of itemé 59, 53 and 64.
A?,ﬁ.;? | Verify instailation of (3) items 62. .-
‘2.3.20 ' ﬁerify instaliaéién“of.reticle'plate.fAhi
2.3.36 .Tyéeriff installation of (3) items 54. -
2.3.31 ‘Vetify installation of (3) iteﬁs'63;; ;
2.3.32 . Verify installation of item 60. ?
?.3.33 Verify installatidn ofAKB)‘items 61.
2.3.34 " Verif& installation of item 12 on itemq58.
2.3.35 ‘Verify instailat;on of ite£ 41.
2.3.36 Verify installation of item 66. %
2.3.37 Verify installation of item 32. %
2.3.38 Verify installation of items 66, 77 and 41. ~§ f
2,3.39 Verify installation of item 32 and 69, |
2,3.40 Verify that hose assemblies aréfconnected to :
mirrors. ‘ :
2.3.41 Verify installation of retiéle plate.
2,3.47 Verify installation of (2)'items.24, (1) item
’ 25, (6) items 14, 15 and 17, S
2,3.48 Verify installation of (2) items 26, (3? iteﬁs
27, (2) ite's 15 and 16. - .
LAz




.(Page 5 ofi7)

INSPECTION CHECK LIST

-FOR COLLECTOR

‘REVISED ‘DECEMBER 7, 1966

Para. Nos. : . © -Serial No.

Reference _ o
Assembly : ; '
Procedure .. . Brief Description of Inspection Requirement .

Tnspectlon per II #7056-2
2.3.49 - Verify installatlon of (&), items 8.
" 2.3,50 - Verify installation of (2) items;37, (1) item 51-
(1) item 31. ‘
_2.3.51 _;"frverify.ihstallétion of (1) item 50.
;i.B.SG ‘ !A Verify 1nsta11at10n of (3) items 44, (6) items 
AT ‘ 45, and 46.,
2.3,57 Verify lnstallatlon,of (3) iteﬁs‘QB, (6) items
45 and 46. : ' L
2.3.58 Verlfy 1nsta11atioh (3) ltems 34,
2.3.59 ' Verify installation of item 35, (3) items 14
e . A,and 15. ) . . L . .
0 2.3.60 Verifi.installatioh of (3) items 76, (3) items 30.
2.3.61 'Verify.installation of lens 30-018, and item 77.
2.3.64 ' Ve:ify,installation of No, 2 mirior. -
2.3,65 Verify.installatioﬁ of mirror hoses.
2.3.66 - Verify. connection.of hose to cooling panel, / 5
2,3.68 . "Verify:installation of No. 1 mirror. {3
12,3.70 _Verify installation of vane subassembly. S
2.3.73 Verify‘that;mirror and vane hoses are comnected. é ;
L : S - . { ¥
2.3.74 - “Verify installation of 3rd support tube, % i
2.3.91" Verify installation of (2) items 30, (4) items 15|
and 16, (3) items 33 lens asse“bly. ‘ i,{i‘ ‘
{ s
S - £
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{Page 6 of 7)

- JINSPECTION CHECK LIST

FOR COLLECTOR

+ REVISED DECEMBER 7, 1966

-

Para. Nos, - ' T ‘ " Serial No.

Reference .
Assembly : . . ‘ _
- Procedure Brief Description of Inspection Requirement

Inspectiﬁn per II #7056-2

'2.3;101. ééfify recordedvleﬁgtﬁ’frame ends Qs. éube.
2.3.i02 ' Vefif&;instaliafion of éooling panel.

2.3.}03 . Verify.installation pf item 69._.

2:3.106 Venfy installation of items 10, 73, 12, 38.

2.3.105 Verlfy instgllati;n of items 12 and 11.

-2;5;166' verify iﬁ§£éllation of ité%s 36, 9,°37, 31 and 73
2.3.107 Verify installation of item 56.

2.3.108 Verify installation of itews 12, 79 and 74.

2.3,109 | Verlfy 1n§taliation of item Zl.

'5.3;110. | Verlfy 1nsta11at10n of-aésémbiy"i;'Paragraphs

. 2.3,107_thru 2.3.109. ' ,

.2.3;%11 Verify ipstaliation of item 32 ané 41. : ;
2.3.112 ' Verify stepété;5.107 thru 2.3.109 repeated. ii %
2,3.113 Verify installation of»assembly in paragraphs é g

2.3.107 thru 2.3.109. . | :
2.3.114 Verify installation of item 32 and 41. ; %' %

'>2;3.115 ‘ _Verify insféllation of items 12,‘56 and 74. g § i g

-2.5.116 o 'Verify'installafion of items 38, 12; 74, 70,.71‘ E g ; g
3 “and 72. < S foy K

.2.3.117 -Verify inétallatioﬂ of items 12, 11 and 74. ? 3' § é

2.3,118 Véfify installation of item 49. ‘ % % % i %
. - ] : i {
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INSPECTION CHECK LIST

FOR COLLECTOR

~ REVISED DECEMBER.7, 1966

(Page 7 0f 7)

Perform Hydrostatic Test. .

1388

Rara. Nos. Serial No.
Reference - Ty /
Assembly . i §
Procedure Brief Description of Imnspection Requirement /
_ Inspection per IT #7056-2 B

2,3.119 V’ierify installation of upper support ﬁub;g,_,

. Lo " Inspection per II #7056-2A
2.3.123




1.11.4.21 1Inspection Check List for Collimator
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INSPECTION CHECK
LIST FOR COLLIMATOR Serial Nos.

iﬁéemhly Brief Description of Inspection Requirements j//i:://i//<>

Ho . :

Procedure A ’ ; // //
O

Verify that the parts listed are installcdvin'accordahce
with Drawing 614569 and the Assembly Procedure

Inspection per IT #7056~5A
2.4.7 Witness assembly step 2.4,7 .
Verify 43.5" 4+ .2'" measurement

Verify that the mirror is focused on the laser beam

Verify 4.644" 4+ 005" measurement
Inspection per IT #7056-6
2.4.29 Witness assembly step 2.4.29

s B BB b A

Verify that the projected light from the mirror is centered
on the laser beam .

Verify 30.517" + .005" measurement
2.4.3 {1) collimator support, item §
(12) 10-32 X 7/8'" socket head cap screws

B L I S o

4 (3) alisnment nuts, item & : ;

4.5 (3) alignment studs, item 5
(1) each of (3) jam nuts, item 9
2.4.6 (1) #4 mirror, item 1 ‘
2.4.8 (1) #4 bezel, item 47 g
(35 clamps, item 44, 45 :
(3) screws, item 46
2.4.12 (3 (3) brackets, item 11
(0) screws and washers, items 12 and 16
2.4.13 ’3) aligonment studs, item 6
(4) alignment nuts, item 7

(1) each of three jam nuts, item 10

2.4.14 Install the altynment assemblies in lens mount

2.4.15 (1) lers #1, item 3

(4) screws and washers, items 5 and 7 ) .
2.4.16 (1) lens #2, item &4 o

(1) retainer ring, item 2

(3) screws and washers, items 6 and 7 :

v —— Y - Apar ¥ oo 33h no it vl a8
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2.4,

23

25

2.4,

.32

33

(1) mirror #3, item 2

(1) support arm, item 26

(1) support arm, item 27

(1) support arm, iteﬁ 28

() screws, nuts, lockwashers, items 23, 24 and ‘25
(6) items 17, 24 and 25

(6) shims, item 42

(3) inserts, item 14 use loctite

(3) screws and lockwashers, items 35 and 29
(1) item 38

(3) item 37

(13) pieces of tubing lengths as required
Items 20, 21, 40 and 41

(6) item 18

(3) item 19

(2) item 36

(1) item 39

Solder joints

(12) nuts, item 24, check torque 16 ft-1bs.

(6) screws, item 12 check torque 75 in-1bs.
Inspection per II #7056-6A

Witness helium leak check per assembly procedure para. 2.4.32
Inspection per II #7056-6B

Witness hydro-test per assembly procedure para. 2.4.33

141
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1.11.4.22 1Inspection Check List for Throat
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Inspection Check List
For Throat Serial No,

‘ara, Nos,
teference '
Aggembly Brief Description of Inspection Requirements
Procedure

Verify that'the parts listea are installed in accordance
with Drawing 31~100 and the assembly procedure, Inspection
per II #7056-10
2,5,2 (2) alignment sockets, Items 22 and 23, (8) screws,
(8) lockwashers, (8) flatwashers, items 27, 28, 29,
Check torque (75 inch pounds)
2,5,3 (1) item 25
(1) item 26
(1) item 24
(4) screws (4) lockwashers, items 27 and 28

Check torque (75 inch pounds)

Install intensity control sensor wiring., Check séldering
per applicable paragraphs of EOS Manufacturing Manual
(cold solder joints, ete,)
2,5,5 (1) Item 10 .
Solder wire from pin A of 614685 to socket A of item 10,
Solder wire from pin B of 614685 to socket A of item 10,
Check soldering per applicable paragraphs of EOS Mfg, Manual,
2,5,6 (12) items 30 modified by 614566
(12) items 15 .
Verify items listed on Kit 12 are boxed for shipment
(accountability) ' '
2,6,2 (1) item 2
. (1) item 3
(1) 1ten 4
(7) item 6
(7) item 7
(7) 8-32 nuts in item 1
(1) itewm 5 in item 2

Install clamp cable subassembly, 1Install connecéor
in item 3, o
143




1.11.4.23 TIuspection Imstructions for Receiving Inmspection
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PART NO. REWV.

ity TﬁX&?INaME
?& . A . RECEIVING INSPECTICON
3 INSPECTION INSTRUCTION e ECELYIN INSPECTION
& IT #7056-R 2
' Building "B"
PREPARED BY OATE APPROVED BY “Toxre [TsupeErsenes

_ K. Corder so/i/h | RPH [242
£H 247

- m:.::,_:_/e/ si/é ¢

1.0 General - Receiving Inspection shall be in accordance with Policy 0-3-3

of the EOS Product Assurance Manual.

2.0 Inspection procedures are to be in accordance with para. 1.17 herein.

3.0 All equipment used to perform inspections and test must be calibrated.

4,0 The following is a brief description of the way that documentation should

flow in the Receiving Inspection area;

4.1 Parts are received from shipping with 4 copies of the receiving

report. All parts are then logged in the Recéiying Log Book.

4.2 EQOS inspector kceps all copies of receivirng reports until

inspection is completed.

4.3 After inspection is corpleted and the parts are dispositiored,

one copy of the receiving report and all certs are filed in

the receiving inspection arca (under vendors file). The dis-

position of the parts and date inspection was completed is written

on all of the Receiving Reports. The remaining 3 copies of the

receiving reports are returred to the shipping department.

4.4 After inspection of the parts, the log book is completed, i.e.

acceptance or rejection stamped, RDR # recordéd, etc.

4.5 If there are discrepant parts a RDR is filled out by the inspector,

and the parts are placed in the bond room.

4.6 1f the parts are acceptable an acceptance tag is filled out and the

parts are transferred to the store room with the tag.’

£OS FORM MO 566,3-64
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PART NO. REV.
& paRT Nm}:'
- RECEIVING INSPECTION
o INSPECTION lNSTRUCT‘ON INSPECTION STATION OR AREA
- 11 #7056-13 N ‘
BUILDING "D"
PREPARED BY , [oaTE %ovao BY ToATE [ SUPERSEDES |
K. Corder //,/é p///}ﬂ_m“ m;___(y}[%;_/{s_é ! :

1.0 Verify that the castings are not damaged.

2.0 Verify that the traveler is received with the parts and is

properly filled out.
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1.12

1.11.5 Final Inspection

Policy 0-3-E of the EOS Product Assurance Manual describes the
final inspection procedures that will be implemented or this
program.

1.11.6 Shippiﬁq Inspection

Policy 0-3-F of the EOS Product Assurance Manual describes
the shipping inspection procedures that will be implemented
on this program.

Process Cortrol

The special procesres used or this program are:
1) Cleaning aluminum for bording

(2) Bonding nickel skin to aluminem casting
’3) Coating Front Surface of Mirrors

The procedures used to control these processes are contained herein.
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1.13 VYonconforminy Articles

1.14

1.13.1

1.13.2

1.13.3

1

.13,

Receiving Inspection

A Recciving Discrepancy Réport, (KDR), will be written for all
discrepant material received from suppliers. The RDR form and
the pr&cedure used in filling out this form is described in
Policy 0-3-B of the E0S Product Assurance Marual,

In-Process Inspection

An Inspectior Sqéawk Report,. ISR, will be written for all
discrepant material found during the assembly, test, packazing,
and shipping operations. The ISR form and the procedure used

in filling out this form is described in Policy Q-3-D of the

EOS Product Assurance Manual.

Bond Room

All discrepant material will be kept in the bond room. Althoush,
if assemblies are too large to fit in the bond room or discrepant
items become too numerous, they will be idegtified with a

rejection tag and stored where practicable.

Material Review Board

Policy Q-4-A of the EOS Product Assurance Marual describes the
Material Review procedure that will be implemented for all Minor
Defects (minor defects are those defects that do not affect
form, fit or functioun). DMembers of the Material Review Board
shall include:

EOS Quality Engineer

EOS Project Engineer -

Goverrment Ouality Assurance Representative (residert)
The MRB procedure will conform to Section 8 of NPC Z200-2.

Corntrol of Inspection, Measuring and Test Eouipmnent

Policy 0-15 of the EOS Product Assurance Manual describes the method

used on this‘program to assure conformance to MIL-C-45662A.and MIL-I-456074.

Irdication of Inspection Status

EOS maintains a stamp issuance and control procram wherein each stamp

is traceable to-a particular inspector and the type of inspection action;

(e.z.) in-process or final inspectiorn. Stamp desivn is such that it

does not conflict with or resemble Goverrment Iunspection identification.

Policy 0-13 of the EOS Product Assurance Minual describes the imspection

stamp control procram at EQS.



1.16 Preservation, Packacing, Packing and Shipping

1.17

Poiiéy 0-3-F of the EOS Product Assurance Manual describes the

packaging and shipping inspection procedures that will be inple-

mented on this program.

Sampling Inspeétion

1.17.1 1In-Process Inspecction

1.17.1.1

1.17.1.2

1.17.1.3

Collector - Each collector will be inspected to the
(6]4575)- assembly drawing and assembly procedure
requirements.
Collimator - Each collimator will be inspected to the
7614570) assembly drawing and assembly procedure
requiremenfs. |
Throat - The throats will be inspected as follows:
(31-100) A. Throat vendor will perform 1007
inspection on first five throats
built. Vendor wiil supply documenta-
tion verifyving inspections.
B. EOS will perform a first article
evaluatior one of each of the parts
and on one assembly. This will be
done by an EOS Source Ivcspector.
C. EO5 will inspect critical dimensions cr
throat 100%. This will be dore bv an EOS
Source Inspector. The critical dimer-
sions are listed as follows:
(reference drawing 31-101 Page 1 of 1)
1) 11-A-.015
(2) #1C 7.190) 32 UNF x .50 deep

22 holes
. + .004
(3) 9.000 _ " oo
7,1, 1 N
4)y  5.00 L 002
) Q}—B-.ooz TIR
(5) 11--.005
+ .000
367
(7) 10.562 _ 003



1.17.1.3 Throat (continued)
AC. (continued)

XS) 1 -A-.020

-B-

(9) 11-A-.005

(10) 32.120

(Reference Drawing 31-101 Page 1 of 2)

(11) 2.250 + .002

(12} 12.750 + .002

{13) 4.500 + .002

“14) 12.250 + .002

(15) 10.000 + .002

(16) 8.375 + .002

17y 1.s01 002

(18) % (.250) 20 (1C

1.17.1.4 Mirrors 614577  Each mirror will be inmspected in accordance
614331 with the inspection requirements on the
614320 mirror manufacturing order.

514576

1.17.2 Receiviny Tospection

1.17.2.1 Lenses 30-018 Each lens will be inspected to the
31-034 drawing requirements
31-035
31-111
1.17.2.2 Cistings 614576-1 #3
C614577-1 #2
614330-1 #
614321-1 #4
614335
Each casting will be inspected for the followin_:

(1) Visual examination
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(2) Sample inmspection 1007% to drawirg require-
ments. Sample size based on MIL-STD-105D,
Level I, AOL 2.5.
1.17.2.3 Parts
Ihe remainder of the parts for this program will be sample
inspected. The sample size will be based on MIL-STD-103D,
Level I, ACL 2.5. Acceptance and rejection, drawing of
samples, normal, tightened and reduced inspection will be
in accordance with MIL-STD-105D.

1.18 Records of Inspections and Tests

1.18.1 Receivir: Tuspection

The following is a list of the records kept in the Receiving

Inspection area:

A. All parté upon receipt are logged in an EOS log book.

B. 1If the parts are acceptable, the EOS log book is acceptance
stamped and an accepta;ce tag is filled out which will travel
with the parts to the store room. If the parts are rejected
the log book is "D" stamped and a Recegiving Discrepancy Report
is filled out. A rejection tag is also fastened to the bay
or box of rejected parts.

1.18.2 In-Process Inspection

The Marufacturing Order will be the document which contairs the
record of all in-process inspectiors. This document will travel
with the item throuzshout the assecmbly process. The Marufacturie;
Orders that will] be used or this program are corntairved in para. 1.11.

1.18.3 Firal Irspection

Records of Final Ipspections will be recorded oun the "Final
Acceptance Tag". This tag is illustrated in Policy Q-3-E of the

EOS Product Assurance Manual.
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1.18.4 Shippingrlnspectfon

Records of Shippibg Inspections will be recorded on the "Final
Acceptance Tag'.  This tag is illustrated in Policy Q-3-F of
the EOS Product Assurance Manual.

Corrective Action

Policy 0-4-C of the EOS Product Assurarce Manual describes the corrective
action procedures which will be implemented on this program. Corrective-
action communication with the vendors will be maintained through R. J.
1ABelle of the EOS Verdor Surveillance Department, with a copy to the .

copnizant Product Assurance Eryvineer.
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1.20 Invertory of Ivspection, Measuring and Test Equipment

The following is a listing of the inspection, measuring and test

equipment available for use by iInspection ard guality personnel forx -

this procurement:

Thread Gauges (All Var Kcuren)

—
.

»

*

« e s s ®
o e et et bed G000 S OY U RS D I e

D Vb ped e et
DWW~ PN O

»

B a

o

"

.
(R

e e
Mo N
W N

24
25
<26
W27
LIB
.29
1.30
1.31
1.32
1.33
1.34
1.35
1.356
1.37
1.38
1.39
1.40

.

o

Pt e bed b fed i bk fd pend beeed ek b ok bl bl el e et bk bond o o bt b e, e e bk
« e s e e w e

%5-13 NC 2A

LT3 UNC 2B

%-20 NF 2A

© %20 UNF 2B

3/4-10 1C 2A
3/4-10 UNC 2B
7/8-14 NF' 24
7/8-14 UNF 2B
1-8 NC 2A

1-8 UNC 2B
8-32 UNC 2A
16-32 UNF 2A.
1-20 UNC 2A
10-32 UNF 2B
i-20 une 2B
3/8-16 UNC 2A
5/16-18 UNC 24
5/16-18 UNC 2B
7/16-20 UNF 2A
7/16-20 UKF 2B
L-13 UNC 2A
L-13 UNC 2B
5/8-11 UNC 2A
5/8-11 UNC 28
3/4-16 UNF 2A
3/4-16 UNF 2B

7/8=1% UNF 2A

7/8-14 UNF 2B
1-8 NC 2A

1-8 NC 2B
8-32 NC 2A
8-32 UNF 2A
1-20 NC 2A
1-20 UNC 2A
7/16-20 NF 24
7/16-20 UNF 2B
3/8-16 NC 2A
3/8-16 UNC 2B
3/8<24 NF 24
3/8~24 UNF. 2B

Inspection Tools

2.1  Center Mike 12" Sorenson

2.2 Center Mike 7'" Sorenson

2.3  Booster Bar 12" Sorenson

2.4 -~ Setting Master Sorenson

2.5 . Inside Micrometer 1" to 2" B&S
2.6 Inside Micrometer .2 to 1.2" S&T
2.7 12" Toolmaker Square B&S

2.8 3/8 to 2% Acjustable Parallels B&S
2.9 7" Vernier Caliper BAS

2.10 [2) pial Indicator .008 x .0001 B&S
2.11 Iotrimik .800 to 1.000 x .0002 B&S
2.12 IntrimiK 1.000 to 1.200 x .0002 B&S
2.13  %utrimik:; 1.200 to 1.400 x .00C2 B&S

2.14 Irtrimik 1.400 to 1.600 x .0002 B&S

2.15 Intrimik Extension .8 to 1.6 B&S

2.16 Setting Ring for Intrimik .8 to 1.2 B&S

2.17 Setting Ring for Intrimik 1.2-1.6 B&S

2.18 Micrometer O to 1" B&S

2.19 Micrometer 1 to 2' B&S

2.20 Micrometer 2 to 3" B&S

2.21 Micrometer 3 to 4" B&S

2.22 Micrometer 4 to 5' B&S

2.23 Micrometer 5 to 6' 2 -

2.24 Drill Index .0135 to .039, Hoot

2.25 Ace Drill Index .040 to .228

2.26 Ace Drill Index .234A to .4132

2.27 Ace Drill Irndex .062-Y1l6 to ,300%"

2.28 Quality Control Co. Height Cauge Scope,
" Mod. 2A '

2.29 Scherr Tumica Telescoping Gauge Vo, 709

2.30 Scherr Tumica Telescopin: Gauze No. 7iC

2.31 Scherr Tumica Telescopine Gauvze No. 70D

2.32 Scherr Tumica Telescopiry Giuse Moo 7(E

2.33 Scherr Tumica Telescoping Jeuca ho. 70F

2.34 Mahr Bevel Protractor 5' Readout

2.35 Ace Optical Micrometer
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page one

-agraph Nos,
f, Bonding
ycedure (EOS
co 15-2)

QL tnree

INSPECTION CHECK LIST
FOR BONDING
EOS #7056-40
Datelz//Z/j/ Rev Oy anced
ORIGINATED BY /«\ G k/ /,/f v/
APPROVED BY ; //z o

7.

INSPECTION REQUIREMENT

1,0

1,3

1.6

3.1

3.4 -

’Verify that only the equipment and materials listed in the

procedures are used, Verify that the bonding procedure is
performed in the sequence indicated without interruption,

Verify that the back of the replica is scrubbed with a
clean bristly brush using Institutional Formula White King
or equivalent, NOTE: Cleanser which contains chlorine or
Bromine bleach cannot be used,

‘Verify that the surface of repllca ls wetted down with

deionized water,

Verify that surface of replica is swabbed down gently with
"Amway" solvent detergent (or equivalent) and that all
impurities and oil stains are removed, (Does not apply to
No, 3 replica),. :

Verify that the replica is rinsed clean with deionized
water, Verify mirror is blown dry with air, Verify that
the oil and water trap in the air line is checked once per
week,

Verify that the conversion coating is removed from face of

casting by using cleanser (Institutional Formula White King
or equivalent) and a clean bristle brush or grade 00 steel
wool .

' Verify that casting is blown dry with clean air,

Verify that the bonding fixture surface is clean from dust,
dirt and epoxy prior to mounting replica and casting,
Verify that the back of tﬁe replica is rinsed with 200°
proof absolute ethyl alcohol,

Verify that a coat of "Epocast K Primer" is applied w1th
& brush oxr spray gun over the bonded area,

* Paragraph 2,1 only applies to. No, 3 casting.

+
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Page tWp of three

paragraph Nos,
Ref, Bonding
Procedure (EOS
pir, 15-2)

INSPECTION CHECK LIST
FOR BONDING
EOS #7056-40

DATE 1Z // j)'.- REV AR Z
ORIGINATED BY ‘¥ ottt i
~ APPROVED BY )
/

S/N's

//

4,1

4,2

INSPECTION REQUIREMENT

Verify that the "K Primer" cures for % hour at room.

temperature before applying epoxy.
For Hand Mix

Verify that thé'preparatibn of the adhesive is as
follows:

Weight out: 500 gms 1210 and 500 gms 9615 for Mirror #1
© 200 gms 1210 and 200 gms 9615 for Mirror #2

200 gms 1210 and 200 gms 9615 for Mirror #3

800 gms 1210 and 800 gms 9615 for Mirror #4

Verify scale is calibrated,

Verify that the epoxy is within 1ts use date (check age
control tag).

. Verify that the epoxy is'mixea thoroughly,

M

Verify that the epoxy is used within % hour after mikihg.

For Frozen Pre Mix .
Verify that tubes of epoxy (3 tubes for #l mirror, 1 tube
for #2 and #3 mlrror, 5 tubes for #4 mirror) are immersed
in hot water 120°F to.150°F and allowed to thaw for 5 to

- 12 minutes,

Verify that water has not entered into the back of the
cartridge and contaminated the epoxy,

© Verify that epoxy is used within one-half hour after
thawing,

Verify that the epoxy is within its use date (check age
control tag), ‘

- Verify that the casting to be bonded has been cleaned in

accordance with process Spec 12-2, The cleaning inspection
check list must be complete, Vlsual inspect the casting to
assuxe that it is clean and dry,
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Page three:

Paragraph Nos,
Ref, Bonding
Procedure (EOS
Dir, 12-2)

of three

INSPECTION CHECK LIST
FOR BONDING
EOS #7056~40
Date yz ﬁ // . Rev [
ORIGINATED. BY ~ {f",’gki ot s

APPROVED BY Vst e
74
7

S/8's

I

4,6

4,7

4,8

4.9

INSPECTION REQUIREMENT
. Verify that epoxy is applied to back of replica and front of
casting with air injection gun or equivalent,
Verify that epoxy is spread evenly with clean spreader,

- Verify casting is p051t10ned on back of reflector and-
centered using centering plate, '

Verify that no preSsure other than that of the casting weight
is used to hold the casting to the reflector,

Verify that the excess epoxy is not removed until four (4)
hours minimum after bonding,

Verify that the mirror assembly cures at room temperature
for a minimum of 12 hours before it is removed from the
bonding fixture,

- Verify that the nlckel bondlng traveler is filled out
completely,
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Page one of two

INSPECTION CHECK LIST
FOR CLEANING
EOS #7056~-14

Date447(§7/¢7fRev ’,f/47'
ORIGINATED BY :fo»'(;ﬁ%¢fﬁfiv“mﬁi&x
'APPROVED BY /Ml pnloir e |
aragraph Nos; . o _/?:’ S/N's
ef, Bonding o /
rocedure (EOS
ir, 12=2) : ///j:///
' __INSPECTION REQUIREMENT /// :
1,0 Verify that the pre~-clean solution contains 5 to 7 oz of Turco
4215 per gallon of water,
Verify temperature of pre—clean solution to be between 160°F
' and 180° F, T _ '
1.1 7} Verify that casting is-im@ersed int§ Eleanerisolution‘an&
[& 1.2] allowed to soak for 15 minutes, ,'f' o "'“;7 ~
ﬁ%%.B _ Verlfy casting 1s sPray rinsed using deionized water
;2,0 Verify that the etch solﬁtion containsbs to 7 oz, ofiTurco Alum~
:{< inetch No, 3 per gallon of water
Verify temperature of etch solution to be between 140° and 160°F.
2.1. Verify that casting is immersed into etching solution and allowed
{:& 2,2:}> to etch between 5 and 10 seconds, '
2,3 . Verify casting is spray rinsed using deionized water,
. A - N
.3.0 Verify that the deoxidize solution contains: Turco Nitrédd
12 to 20% by Vol = Nitric Acid (42°Be) 60 to 80% by Vol,
3.1“ . Verify that casting is immersed into the deoxidizer solution
T for a minimum of 15 seconds,
3.3 Verify that casting is rinsed with deionized water, L
3.4 Verify that all traces of deoxidizer solution are remo&ed,
4,0 'Verify that the conversion coating contains 1 to 1,5 oz, of Iridite
% 14-2 per gallon of water and that its Electrometric pH is between
1.4 and 1 6 | |
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Page two. of»two
INSPECTION CHECK LIST
FOR CLEANING
, EOS #7056=14
Date/Z//Z// ¢ Rev /)ﬁ— //»//( ,,,/
ORIGINATED BY "% /,/v /,7‘/%/{(’/41/

APPROVED BY  gd .

/,(Vk.,.
paragraph Nos, _ /

Ref, Bonding -
Procedure (EOS

S/N's

Dir, 12-2)
INSPECTION REQUIREMENT

4,1 Verify that casting is immersed into conversion coating for

& 4,2 3 66-4“'minutes vhile it is still wet from the deoxidize
rinse, If it is: allowed to dry the deox1dlze operation must
be ‘repeated,

4,3 Verify that the casting is rinsed with deionized water,

GG . Verify- that ‘casting is dry prior toibopdiﬁg,n

wrépped in clean wax paper and stored in-a clean dry place,

163

- If casting is not té be bonded iﬁmediately, verify that it is




APPENDIX C

DRAWING LIST

7056-Final



EXHIBIT A

COLLECTOR SUBASSEMBLY

Drawing Revision Description
614575 B Collector Assembly (Sheet 1 of 2)
614575 B Collector Assembly (Sheet 2 of 2)
30~001 S Frame, Collector

30-002 D Panel, Cooling

30-005 N/C Spacer, Cooling Panel

30-006 B Flange, Collector

30-018 F Collector Lens

30-019 N/C Clamp

30-021 N/C Collar

30-022 c Flange

30-023 H Vane

30-024 D Flange Alignment

30-025 N/C Ring, Alignment

30-026 L Structure Collector Lens Alignemnt
20-027 N/C Point, Alignment

30-028 A Point, Alignment

30-032 E Vane Subassembly

30-033 c Vane Subassembly

30-034 E Vane Subassembly‘

30-035 C Plate, Mounting

30-036 C Plate, Mounting

30-037 B Stand-0ff

30-038 N/C Spacer

30-042 N/C Spring

30~-043 E Lens and Structure Subassembly
30-048 A Retaining Block

30-049 A Retaining Block

30-050 A Flange, Collector



COLLECTOR SUBASSEMBLY (Continued)

30~-060
614330
614331
614332
614333
614334
614337
614577

614699

Revision

Ne o R Blup theeaded
A ) E _ o Tube, Support
N/c o Clip, Lens Support o
C | ( Casting, Weldment, Primary Mirror
A Primary Mirror (Mirror No. 1)
D Nut, Alignment (-3, -7)
A . Stud, Alignment, Large (-1)
B Flange, Nut, Collector Alignment (-1, -3)
B Sthd,;Alignment,:Sﬁallv(ﬁl)’f
A Collector Mirror, Secondary (No. 2 Mirror)

N/C Adapter, Modified Nipple



Drawving

614570
31-003
31-011
31-016
31-017
31-019

31-034
31-035
31-053
31-054
31-055
31-059
614320
614321
614332
614333
614335
614336
614337
614562
614563
614566
614569
614576

614579
614688
614689
614690
614691
614692

Revision
B
N/C

i B < B - R v < B v I v <

N/C
N/C
N/C

L A - I o B = B o N R

N/C
N/C

N/C
N/C
N/C

N/C

COLLIMATOR SUBASSEMBLY

Description

Collimator Assembly

Stud, Lifting Plate, Rear Support
Arm, Support

Insert, Threaded

Arm, Support Subassembly

Arm, Support Subassembly

Collimator Lens #1

Collimator Lens #2

Bezel, Primary Mirror

Clamp, Bezel, Mirror

Clamp, Bezel, Mirror

Shim |

Primary Mirror, Collimator (No. 4 Mirror)
Casting, Primary Mirror, Collimator
Nut, Alignment (-1, -5)
Stud,-Alignment, Large (-3)

Support Subassembly, Collimator
Ring; Retainer

Stud, Alignment, Small (-3, -5)
Lens Mount, Collimator

Bracket, Lens Assembly

Threaded Parts for Vacuum Application
Lens Assembly, Collimator

Mirror Assembly, Secondary, Collimator
(No. 3 Mirror)

Clip, Retainer No. 3 Mirror
Line, Supply, Water Cooling
Line, Return, Water Cooling
Line, Discharge, Water, Primary Mirror

Line, Input, Water, Secondary Mirror

‘Line, Discharge, Water, Secondary Mirror



Drawing

31-100
31-101
31-101
31-102
31-103
31-104
31-105
31-106
31-107
31-108
31-10¢
31-110
31-111
31-112
31-113
31-115
31-116
31-118
31-120
31-121
31-125
31-126
31-127

614685

Revision

H & oo o = o o a3 R

=z

/C

oW P o P oW o o W P

N/C

" THROAT SUBRASSEMBLY

Description

Throat Assembly

Throat Weldment (Sheet 1 of 2)
Throat Weldment (Sheet 2 of 2)
End Plate Subassembly

Field Lens Retainer

Neck, Welding

Insert, Plate

Ring, Seal

Throat Pipe

Field Lens Support‘

Cooling Loop

Bellows Assembly

Field Lens

Gasket, Tris Support

Gasket, Iris, Iris Support Subassembly
Iris Support Subassembly‘
Support, Iris - Iris Support Subassembly
Field Lens Cell Subassembly
Socket, Alignment

Cap, Bearing

Socket, Alignment

Cable Assembly, Iris Control

Tube and Support Subassembly, Iris
Support Subassembly

Feedthrough and Socket Arrangement



Drawing

614582
614585
614586
614587
614596

614686

614687

Drawing

614589
614590
614593
614594
614595
614681
614682
614695

Drawing
614583

HANDLING EQUTPMENT DRAWINGS

Revision

N/C
N/C
A

N/C
N/C

N/C

N/C

Description

Lift Device, Collector Assembly

Assembly and Transport Fixture, Collector
Support, Lens Assembly

Crane Adapter, Collimator Assembly

Cart, Collimator Handling (Horizontal
Installation)

Adapter, Lifting (C. G.) Collimator
Assembly (Crane Adapter)

Lifting Device, Collimator Assembly
(Crane Adapter)

MSC ACCEPTANCE TEST EQUIPMENT DRAWINGS

Revision

N/C
N/C
A

N/C
A

N/C
N/C
N/C

EOQOS TEST AND ALIGNMENT

Description

B & L Light Source Locating Fixture
Fixture.Collimator, MSC Final Acceptance
Fixture, Burner Simulator

Post, Alignment, Burner Simulator Fixture
Adapter, Burner Simulator (MSC)

Optical Flat

Point Source Rod .

Adaptgr, Burner Simulator (EOQS)

EQUIPMENT DRAWINGS

Revision

N/C

Description

B & L Point Light Source



FOS TEST AND ALIGNMENT EQUIFMENT DRAWINGS (Continued)

Drawin

614584
614588
614589
614591
614592
614593
614594
614597
614598
614599
614681
614682
614683
614684
614693
614694
614695
614697

Revision |

N/C

‘N/C

N/C-
N/C
N/C
A
N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C
N/C

Descrigtion'

Locator, Positiom, Z Axis, #4 Mirror
Stand, Laser

B & L Light Source Locating Fixture

Stanﬂ, Assembly, and Alignment Collimator
Stand, Burner Simulator

Fixture, Burner Simulator

Post, Alignment, Burner Simulator Fixture
Plate, Recticle, Alignment Fixture

Plate, Mounting, Reticle Alignment Fixture
Throat Simulator

Optical Flat

Point Source Rod

Vane Assembly Locator Rod

Vane Aligrment Fixture

Fixture, Reticle Alignment, Collimator
Fixture, Reticle Alignment, Collector
Adaptef, Burner Simulator (EOS)

Lens Assembly Support and Stand





