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ABSTRACT

Results are presented of engineering tests of the Surveyor III

television camera, which resided on the moon for Z-1/2 years before being
brought back to earth by the Apollo XII astronauts. Electric circuits, elec-

trical, mechanical, and optical components and subsystems, the vidicon

tube, and a variety of internal materials and surface coatings were examined
to determine the effects of lunar exposure. Anomalies and failures uncov-

ered were analyzed.

For the most part, the camera parts withstood the extreme environ-

ment exceedingly well except where degradation of obsolete parts or sus-

pect components had been anticipated. No significant evidence of cold

welding was observed, and the anomalies were largely attributable to causes

other than lunar exposure. Very little evidence of micrometeoroid impact

was noted. Discoloration of material surfaces -- one of the major effects

noted--was found to be due to lunar dust contamination and radiation damage.

The extensive test data contained in this report are supplemented by

results of tests of other Surveyor parts retrieved by the Apollo XI[ astro-

nauts, which are contained in a companion report.
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I. SUMMARY

I. 1 INTRODUCTION AND BACKGROUND INFORMATION

This report presents the results of the tests conducted by the
Hughes Aircraft Company during the period 7 January to 31 December 1970

on the Surveyor III television camera returned from the moon by the
Apollo XII astronauts. This program was conducted under a contract with

the Jet Propulsion Laboratory (JPL) of California Institute of Technology.
A separate report (Reference l) contains the results of tests conducted

during the same period under a companion contract with NASA Manned

Spaceflight Center (MSC), Houston, on the other parts of the Surveyor III

spacecraft retrieved by Apollo XII, namely, the scoop of the soil

mechanics/surface sampler (SM/SS), painted and unpainted sections of the

aluminum support tubing of Surveyor, and sections of external cabling

and of their teflon wrapping.

Surveyor III, one of seven Surveyors designed and built by Hughes,

was the second of five spacecraft to land successfully on the surface of

the moon. This soft landing took place 20 April 1967 in a small crater in

the Ocean of Storms, subsequently named the "Surveyor Crater." All

subsystems operated successfully throughout the first lunar day except for

some minor anomalies. Three of these involved the television camera

and have now been completely resolved, as discussed in the report. The

television camera took more than 6000 photographs of the lunar terrain.

Attempts to revive the spacecraft on the second lunar day were unsuccessful':"

A brief summary of mission performance of the Surveyor is presented in
Table l- I.

As is well known, 2-1/2 years later, corresponding to 32 lunar

day/night cycles, the lunar module of Apollo XII landed nearby. In accor-

dance with that part of the mission plan, based on recommendations by

Hughes (Reference 2), JPL, and others, the Apollo astronauts retrieved the

Surveyor television camera and the other parts noted above after examin-

ing and taking a number of photographs of the spacecraft.

":"Survival of Surveyors throughout lunar nights was not a design requirement.
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TABLE I-i. SUMMARY OF MISSION PERFORMANCE OF SURVEYORS

Surveyor Spacecraft

Design Class

First-

generation

Second-

generation

Improved

design

Number

Ill

V

VI

VII

Major Payload

Television camera

Television came ra

Television camera

SM/SS

Television camera

SM/SS

Television camera

Alpha scattering

experiment

Television camera

Alpha scatte ring

experiment

Television camera

SM/SS
Alpha scattering

experiment

First Lunar

Day Operation

N omin a I

(Unsuccessful)

Nominal

(Unsuccessful)

Nominal

Nominal

Nominal

Operation on Successive

Lunar Days

Response to

Commands

None

Z and 4

Photographs

None

None

Remarks

Activation not attempted

on third, fourth, and

seventh day

Tumbled after mid-

course maneuver

Abnormal landing

(several hops)

Loss of communication

during retro burning

Activation not attempted

on third day

Activation not attempted

after second day

I

I

I
I

I
I

I

I
I

I
I

The decision to retrieve the television camera and other hardware

followed a comprehensive study of benefits to be accrued from and relative

merits and difficulties of retrieving various parts of the Surveyor space-

craft. In addition to listing the scientific benefits, the study (Reference 2)

underlined the unique opportunity to obtain information on the effects of

thermal cycling, radiation, and meteoroid exposure; the occurrence of

cold welding; and the consequences of prolonged vacuum exposure of optics,

materials, components, and subsystems for application to future programs.

The selection of the camera as a prime candidate was prompted

by the fact that it was a readily retrievable package containing a great

variety of candidate parts for such an investigation: electrical components

and circuits, optical components and surfaces, mechanical and electro-

mechanical units and components, a great variety of materials, and other
items of value.

The frontispiece of this report shows the appearance of the retrieved

camera, whose functional description is given in Section Z. 3. The smudge

visible on the mirror was made intentionally by one of the astronauts on

the lunar surface in the course of photographing the camera. This was
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done as a contingency measure in the event the retrieval of the camera was

not possible; photographs of the mirror before and after this imprint would

thus yield some data on the degree of contamination of the mirror surface.

The camera was returned in a backpack in the lunar module and command

module cabin environments. A severe jolt, probably experienced at the

time of the landing of the Apollo command module in the Pacific Ocean, may
have caused the dents on the camera hood, clearly visible in the frontispiece.

The camera was delivered to the Lunar Receiving Laboratory (LRL)

in Houston and remained in quarantine until 7 January 1970. During the

period from 7 to 16 January, a microscopic visual examination and exten-

sive photography were conducted in the LRL, and tests were performed for

the purpose of obtaining scientific data. These operations, described in

Section 3.2, included a number of biological samples of protected external

as well as internal regions of the camera. In order to perform these

tests, the lower shroud of the camera was removed by Hughes personnel.

Preparatory tests and trial runs were performed in Los Angeles on a

spare television camera available from Surveyor stores prior to the

release of the Surveyor III camera from quarantine.

The camera was shipped on a Hughes airplane on 16 January to

the specially prepared Hughes facility in Culver City, California. The

formal test and evaluation program was then initiated under the technical

direction of JPL. The program entailed strict parts control and security

measures and carefully planned and sequenced testing and dismantling

procedures tailored to maximize the amount of information obtained for

potential future applications. These operations were conducted in full

cognizance of the uniqueness of the equipment and irreversibility of

many of the steps. The management of the program is described in

Appendix A.

i. 2 OBJECTIVES AND SCOPE OF TEST AND EVALUATION PROGRAM

1.2. 1 Objectives

The primary objectives of this study were to determine the various

effects of the prolonged exposure to the lunar environment on the many

component parts of the television camera. The test plan was structured

to obtain maximum information on those conditions and changes which

could be attributed to the effects of this exposure.

The study of the returned hardware offered a unique engineering

opportunity. It was believed that the assessment of the conditions of the

various camera components, materials, and subsystems would yield

valuable engineering design data for future applications and could point

out fruitful areas for research and deve!op.___ent.

The returned hardware also presented a unique scientific oppor-

tunity. A parallel scientific investigation on the returned Surveyor parts,

instituted under NASA-JPL coordination, was vigorously supported as a

secondary objective of this program. In addition to active participation
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in some of the tests, particular effort was made in the planning of the test

operations to preserve a maximum amount of material and inherent condi-
tions of value to the scientific investigations. Results of the science

tests and evaluation program will be reported separately.

It was specifically understood at the inception of this program and

throughout the study that testing and analysis of the television camera

solely for the purpose of obtaining diagnostic data on the design integrity

and the performance of the Surveyor IIl television subsystem was not a

program objective.

Further discussion of the objectives of this program in terms of

expected and accrued benefits is presented in Section 2. i.

1.2o2 Scope

The program tasks corresponded to the major categories of the

above subsystems, components, and materials present in the camera.

In accordance with the established ground rules discussed later in this

report, no overall system tests were conducted. However, selected

chassis were functionally tested before dismantling the camera in order

to determine the integrity of circuits and to provide a basis of selection

of samples of the various types of electrical components for subsequent

investigation.

The tasks (listed in Table i-2) thus constituted the scope of the

program. The bulk of the program was conducted in three phases.*

Phase 1 concerned tests performed prior to major camera disassembly.

These included the operations in the LRL and the subsequent initial survey

operations at Hughes. Phase 2 operations encompassed tests at the sub-

systems level and the associated dismantling steps. Included in this phase

were the functional tests of selected electronic chassis, optical subassem-

blies, and the vidicon. Phase 3 operations entailed detailed investigations

of the selected camera components and materials after its complete

disassembly.

An important feature of this test plan was the recognition and

establishment of significant milestones, designated as decision points.

Results of test operations prior to each of these milestones were carefully

assessed and formed the basis for program decisions to either pursue the

previously formulated test plans and procedures or to alter them appro-

priately. This was done to meet the objective of optimizing the amount

of relevant information in recognition of the uniqueness of the hardware

and of the irreversibility of the tests.

*This is discussed in some detail in Section 3. i, Test Plan, and depicted

diagramatica[ly in Figure 3-1 there.
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TABLE l-Z. PROGRAM TASKS AND REFERENCED REPORT SECTIONS

I

I
I

I

I

I
I

Test Phase Task Sections of Report

MSC Houston operations

Survey operations

Electric circuits tests

Dismantling

Optical subassembly and mechanism tests

Section 3

Section 3

Section 4 and Appendices D, F., andF

Included in Sections 4 and 5

Section 5

Vidicon tests

Electrical components tests

Mechanical and electromechanical

components tests

Optical components tests

Materials tests

Surface contamination studies

Failure analysis

Support of science investigations

Section 6 and Appendix G

Section 7 and Appendix H

Section 8 and Appendix H

Section 9 and Appendix H

Section l0 and Appendix I

Section ii and Appendix J

Section 12 and Appendix K

As applicable

I
i

I

I
I

I

I

i
I

Selection of components was closely coupled to the results of the
functional tests of the electronic chassis and to the results of other

previous tests performed on the assembled or partially disassembled
camera.

The test program outlined above entailed a detailed assessment of

all or of appropriate representative samples of the following classes of

units, components, and materials present in the television camera, whose

examination for possible effects of lunar exposure was believed to be of

importance to future space programs:

• Optical surfaces (mirror lenses and filters)

• Thermal control surfaces (paints and metals)

• Mechanical devices (gears, drives, bearings, motors, etc.)

F.lectrical components (resistors, capacitors, diodes,

transistors, and potentiometers)

terminals, wires, cables, insulation, solder joints, and
connectors)
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Magnetic components and transducers (inductors, thermal

switches, temperature sensors, stepping switches, and

solenoids)

¥idicon tube and its elements (cathode and grid structure,

photoconductor and its coatings, seals, deflection yoke, and

content)

Insulation materials (potting compounds, polyurethane foam,

and conformal coatings)

• Organic materials (teflon TFE and FEP, nylon, and polyimide)

Adhesives, lubricants, and seals (various types), including

friction and wear studies

These tasks represented preplanned, "routine" tests. In parallel

with these, a separate failure analysis task and special surface contami-

nation studies were instituted.

The failure analysis task was conducted to resolve the previously

reported mission anomalies, as well as the apparent anomalies or fail-

ures encountered in the course of testing. This special attention to

failures was prompted by the desire to fully understand the contributory

factors of lunar exposure although, as it later became evident, this

degree of emphasis may not have been warranted. The anomalies uncovered,

as discussed in Section i. 3, were primarily attributable to factors other

than the effects of the lunar environment.

The surface discoloration and contamination study, initially

considered integral to the materials task, was established later in the

program as a special task- a special joint effort between this and the

parallel NASA, MSC contract. Its purpose was to determine the nature
and causes of the discoloration and contamination of the external surfaces.

This study, which was coordinated with the pertinent science investiga-

tions by the JPL technical coordinator, also included an attempt to identify

the relative contributions Of the various possible causes: solar radiation,

deposition of organic materials or other products of outgassing from other

portions of the Surveyor spacecraft, impingement of lunar dust during

the original Surveyor landing and during the Apollo lunar module descent,

and even possible prelaunch contamination (e. g., during solar-thern_al-

vacuum testing).

A separate task was established for the activities in support of the

science investigations: biological assay; special visual, microscopic

and photographic examinations; optical measurements; removal of selected

sections, samples, etc. , for evaluation; preparation and transmittal of

control sar_ples and background information.
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Of major significance to the successful performance of the tests

and to the evaluation of results was the availability from Surveyor stores

at JPL of spare Surveyor television cameras virtually identical to the

retrieved Surveyor III camera, as well as the availability of other Surveyor

parts: circuit boards, vidicons, etc. One of these spare ca_neras had

previously undergone type approval tests (TAT). It was used extensively

on this program for trial runs of critical dismantling and testing operations

and for obtaining test comparison data. The other spare components were

similarly used to maximum advantage.

Past Surveyor test procedures, appropriately revised, or specially

prepared procedures were used in all test operations. These procedures

were coordinated with the customer and were carefully reviewed prior to

and during the conduct of each test.

The availability of the original Surveyor camera test position

made it possible to conduct the circuit tests. Also, the availability of

past Surveyor records obtained from Hughes Surveyor stores, including

design data and, in many cases, previous test data, proved of value in

evaluation of the results of tests at all levels: circuits, subsysten_s,

components, and materials.

The test program of the -_ " --^_r=_rlev_ television camera was fully

coordinated with the parallel NASA-MSC sponsored program of tests of

the other retrieved Surveyor III parts. The close coupling of test results

obtained on similar parts, especially cabling, organic materials, and

mechanical parts, proved to be of benefit to both programs. In particular,

the surface discoloration and contamination study task was logically

conducted as a joint effort.

Included in the companion report (Reference i) are comments

relative to certain other parts of Surveyor III which were not recovered --

thermal compartment mirrors and solar panel. The comments were based

on a preliminary engineering assessment of the photographs returned by

the Apollo XII astronauts, coupled with the study of their colnments when

viewing the spacecraft on the moon. This assessment is by no means com-

plete, and future studies may be useful.

i. 2. 3 Supplementary Notes on Report Organization

Results of work conducted on the tasks described above are presented

in individual sections of this report, as shown in Table i-2, with selected

supplementary data in the appendixes indicated. Results of work done by

the Bell and Howell Company under a Hughes subcontract, which consisted

of an examination of the lens barrel subassembly, are included in the

discussion of the optical components listed in Table i-2. Some of the

principal activities involved in the support of science investigations are

included in Sections 3. 2, 9. 2, and 9. 3.
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TABLE I-3. RESULTS OF INVESTIGATION OF SPECIFIC ANOMALIES

Anomaly

Surveyor III Mission Anomalies

Inoperative filter wheel potentiometer

Occasional difficulties with stepping in azimuth

Veiling glare

Effects on Optical and Exterior Surfaces

"Mud-cracking" of external painted surfaces

Dust on filter glass

Discoloration and curling of teflon skirt

Discoloration of external painted and other surfaces*

Open Shutter and Related Failures

(Burnt out transistor, shorted solenoid, evaporated

vidicon photoconductor, and torn grid)

Defective Electronic Components

Cracked glass cases

Defective diodes

Shorted tantalum capacitor

Two burned out obsolete components

Suspected Cold Weld of Connector Shell to Shroud

Four Miscellaneous Minor Anomalies

Effect of Lunar Environment

Primary

Cause

Secondary or

Contributory

Cause

No No

No No

Yes

No Yes

Yes

Yes

Yes

Significance

To Future Operations

Negligible

None

Could be appreciable

No

Yes

No

Yes

Yes

No

No**

Minor, if any

Some

Yes

No$**

Minor

Negligible

Minor

Major

Negligible

Minor

Negligible

Minor

None

Negligible

N one

To Surveyor III

TV Camera

Minor

Minor

Mode rate

Minor

Minor

Minor

None

Major

N one

Minor

Major

Major

N one

N one**

I

I

I

I

I

I

I

I

I

I

*Included for completeness. As noted, this was not considered an anomaly and is treated

in detail in Section 1 I. Also, see Sections I. 4 and I. 6. I.

**With one relatively insignificant exception.

***With one relatively minor exception.
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In addition to the specific task references in Table i-2, other

sections of the report should also be noted. An expanded discussion of

program objectives and scope, additional details on background data, a

description of the television camera, and a discussion of its test history

and mission performance are all presented in Section 2. The general

test plan is outlined in Section 3. i. Program management is discussed

in Appendix A. A brief discussion of the lunar environment is given in

Appendix B. Test facilities and the checkout of test equipment are

described in Section 4.4 and in Appendix C.

Each technical section of the report is essentially self-contained
and includes discussion and evaluation of tests conducted and results

obtained. While individual concluding comments are presented in each

section as they arise, the overall program conclusions and recommenda-

tions are presented here in this section.

I. 3 ASSESSMENT OF ANOMALIES

Results of failure analysis are presented first because of the

concern which is generally associated with anomalies and because of the

occurrence of several anomalies during the Surveyor III mission operations.

It is shown below that, actually, the effect of the lunar environment on the

specific anomalies uncovered in the course of the program was relatively

minor. The significant observations and results were almost entirely in

other areas of investigation --those concerned with systematic testing of

the various parts of the camera. These revealed certain data on significant

effects of the lunar exposure not in the nature of failures or produced

significant findings on the absence of anticipated effects. These findings

are summarized later in this section, following the treatment of the find-

ings designated as failures or anomalies. The added virtue of discussing

these specific anomalies first and thereby dispensing with significant

effects caused by factors other than the lunar environment is that lunar

exposure effects can then be assessed more systematically.

A failure analysis was conducted on 20 specific anomalies identified

and so designated in the course of the program in coordination with JPL.

The system employed for the treatment of these anomalies and a detailed

discussion of test results are presented in Section 12, and only a summary

assessment is presented here. Included are the three Surveyor mission

anomalies discussed in Section 2.4, which were verified and resolved in

the course of this study.

These 20 anomalies, listed in Tables 12-1 and 12-2 in Section 12,

are grouped here in Table i-3 into the six categories shown. Two con-

siderations were stressed in the study of these anomalies: i) the extent to

whic _ +_ I,,_ _.r_m_nf._ _ nr_nn_r_r nr _ ron_r_h._ory cause and

2) the degree to which these anomalies have a potential bearing on future

i-9



applications. Table 1-3 presents in summary form the conclusions reached
relative to these important considerations. Also included in Table i-3
is the relative significance of these anomalies to the operability of the
Surveyor III television camera.

The first two of the three mission anomalies in Table i-3 were
determined to have been caused entirely by prelaunch events. The guide
of the filter wheel potentiometer was manufactured with defective material
and was probably cracked before launch. The guide broke during mission
operations and fell out of the potentiometer winding, partly as a result of
a binding of the rotating guide block to the end seal (caused by somewhat
less than perfect alignment during installation) and partly because the
potentiometer had not been properly lubricated. The missing steps during
camera positioning in azimuth were found to have been caused by several
bent and worn teeth in two specific areas of the azimuth drive gear,
corresponding precisely to the positions of the motor drive pinion and
potentiometer gears in contact with the drive at the time of the occurrence
of these anomalies on the moon. This problem was definitely attributable
to occurrences in prelaunch tests.

The veiling glare was determined to have been caused by dust on
the mirror, confirming the hypothesis at the time of the mission. No
similar effects had been observed for other Surveyors; the contaminant
was deposited as a result of the abnormal Surveyor III landing. The landing
of the lunar module nearby clearly affected the contamination on one side
of the camera and possibly on the mirror and filters as well. This con-
tamination of the camera constituted one of the dominant effects observed.
The small film deposit noted on the beamsplitter plates of the lens _',_might
have contributed to the veiling glare had the camera been able to operate
on the second lunar day.

In addition to the discoloration of the paint and the contamination
of the mirror and of the filter glass, specific findings which were classed
as anomalies included the observed extensive "mud-cracking" of the paint,
and the discoloration and curling of a teflon skirt used as a seal between
the upper rotating mirror assembly and the camera body. Mud-cracking,
observed after prelaunch tests, was definitely aggravated by the lunar
exposure and could be of significance to future applications because of the
wide use of paints of this type for thermal control. The discoloration of
teflon was due to an excessive application of bonding epoxy over exposed
areas of the skirt. The curling, which may have been aggravated by the
blast from the landing of the lunar module, was also found to be attribu-
table to this epoxy, hardened by lunar exposure. The effects on external
surfaces are discussed in more detail later in this section.

_:=Probablycaused by outgassing from nearby charred solenoid coil
(discussed in Section 12. 5).
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While some of the remaining anomalies were of major significance

to the integrity of the Surveyor camera, they were unimportant to future

applications. Many of these were found to be entirely unrelated to the

lunar environment. Those that were occurred as a result of the cryogenic

thermal cycling through the lunar nights. They either occurred on com-

ponents of obsolete design or on components whose design shortcomings

were recognized and for which corrective measures are available for the

future -- particularly by means of better matching of thermal expansion

coefficients. The occurrence of these component failures under cryogenic

conditions had been anticipated. ;'.-"In fact, it was surprising that so few of

them had, indeed, failed, thereby confirming the appropriateness of prior

cryogeni:c screening as a precautionary measure.

The most interesting of these anomalies was the complex, inter-

related open shutter failure: burned out shutter drive transistor, shorted

and charred shutter solenoid coil, evaporated vidicon photoconductor,

and shattered vidicon grid 5 mesh. The considerable effort expended to

unravel these anomalies and their interrelationships was originally

motivated by the desire to obtain sufficient understanding so as not to over-

look possible important factors of lunar exposure. In retrospect, since

the contributions of lunar exposure proved of strictly secondary or

relatively minor nature, this effort might have been less intensive.

The analysis presented in Section 12. 5 led to the following explana-

tion of this anomaly. Surveyor IIIwas launched with a known suspect

transistor with a somewhat degraded voltage breakdown characteristic,

possibly stressed in test. This decision was vindicated by the spacecraft's

successful performance on the first lunar day. The transistor, possibly

further degraded by the effects of thermal cycling through the lunar nights,

failed upon the application of voltage during the attempts to revive the

spacecraft on the second lunar day. The cause of this occurrence may

have entailed a failure of a solder joint elsewhere on the spacecraft and

is explained in Section 12.5. The resulting current through one of the

shutter solenoids permanently opened the shutter and subsequently damaged

the coil. The vidicon photoconductor and grid 5 were subsequently damaged

by solar radiation impinging through the open shutter in a manner verified

by thermal simulation tests conducted in this program.

The cracked glass cases constituted a lunar-induced anomaly whose

existence was anticipated. This cracking had been noted to occur in

thermal-vacuum tests prior to launch and is attributed to mismatch in

thermal expansion coefficients between the glass and the conformal coatings

used. Remedial measures consisting of an improved process to prevent

thick buildup of coated areas are available and were used in later Surveyors.

;'.-'Seefootnote, page I-i.
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Improved conformal coating materials are also available. The two
occurrences of faulty diodes partially triggered by the associated cracking
of the glass cases were, in fact, traced to specific manufacturing deficien-
cies or weaknesses.

The failure of the tantalum capacitor as a result of the cryogenic
exposure was not unexpected. It was surprising that only one of the 76
such units had failed. Surveyor IIIwas launched with this knowledge of
likely cryogenic failures, and design improvements were instituted on
later spacecraft. Capacitors better capable of cryogenic survival are
available for future designs. The information obtained here can be of
significance in assessing the adequacy of such components. It also attests
to the usefulness of preflight cryogenic screening. Similarly, the two
other failed components, a metal film resistor and an alloy transistor,
both of obsolete design, came as no surprise except, perhaps, to note that
again only one of 33 such resistors and only one of 49 such transistors
present on the camera had failed. These components were largely replaced
in subsequent Surveyors and are not expected to be used for future space
applications.

The analysis of the contact surfaces of the connector shell and
camera shroud, where excessive binding was noted during the original
removal of the connector, revealed that cold welding may have occurred._:_
It was determined that this was to a large extent due to a faulty installation:
a loose fit of the connector permitted excessive rubbing to take place,
thereby facilitating this occurrence. This anomaly, of no significance to
the television camera, was investigated in some detail because of the
general concern over cold welding for future applications. Assessment of
the significance of this finding should be made with the realization that a
sin_ple precaution, such as elimination of the possibility of movement or
rubbing, would have prevented this anomaly. No other properly installed
connectors, screws, or similar fasteners on the returned camera showed
any evidence of cold welding.

The other miscellaneous anomalies on Table i-3 were of very minor
significance. Their analysis and causes are discussed in Section 12.

:'.-'Thiswas the only specific evidence of possible cold welding uncovered in

the entire test program except for some traces of possible cold welding

on the surfaces of the potentiometer windings which had not been lubri-

cated, as discussed in Section 10. 6. 3.
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1.4 OBSERVED CHANGES ATTRIBUTABLE TO LUNAR

ENVIRONMENT

A summary of the most significant findings, other than the specific

twenty anomalies above, relative to the effect of the lunar environment on

the subsystems, components, and materials of the television camera is

presented in this subsection and the next. The observed changes attrib-

utable at Least in part to the lunar exposure are described in this section;

the following section discusses the absence of effects that might have been

conjectured or anticipated. A list of such possible effects had previously

been prepared (Reference l).

The observed effects attributable to the lunar environment are

summarized in Table i-4. Detailed discussions of these, as well as of

other Less significant observations and changes which were determined not

to have been caused by the lunar exposure, are presented in the individual

sections of the report.

1. 5 ABSENCE OF CONJECTURED EFFECTS OF LUNAR ENVIRONMENT

Those significant effects of the lunar environment which had been

either anticipated or conjectured but for which no evidence was uncovered

in the course of the program are presented in Table i-5 in summary form.

Supplementary discussion and supporting test data are contained in the

individual sections of the report•

The observed instances of the absence of effects of lunar exposure

may be used for the establishment of design limits. Caution should be

exercised in the interpretation of these observations. Absence of these

effects, reported in this section, is based on a limited number of samples

and components and on one specific set of exposure conditions.

i. 6 CONCLUDING COMMENTS AND RECOMMENDATIONS

A test program embracing so many diverse disciplines and detailed

findings yields two categories of conclusions and recommendations: those

of a general nature and those pertaining to specific design areas. In

arriving at these conclusions and recommendations, the applicability to

future designs, space programs, and research activities played a dominant
role.

Conclusions and recommendations of a general nature, cutting across

all the areas of investigation, are presented in Section i. 6. i. Specific con-

clusions are contained in Tables i-4 and 1-5; these give rise to certain

specific recommendations for design precautions and improvements presented

tests on the returned hardware. While it is believed that the engineering

tests conducted on this program have explored all important areas of

interest, further test effort might be productive for specific design

appli cation s.
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TABLE 1-4. OBSERVED POSSIBLE EFFECTS OF LUNAR ENVIRONMENT

Subsystems,

C ompone nt s,

and Materials

Vidicon

Gas content

Beam current

Wire-wound

power resistors

Platinum

re si stance

thermometer

Tantalum

capacitors

High speed

switching diodes

Potenti -

ometers

Thermal

switch

Mirror

Lens barrel

subassembly

Observed Effects

Hydrogen 70 percent versus 50 percent in spare

unit. Helium 7 percent versus 1/2 percent in

spare unit. Nitrogen 4-1/Z percent versus

43 percent in spare unit. Carbon dioxide 1/2

percent versus 3 percent in spare unit,

50 percent less than for spare unit (cathode

current unchanged).

IZO0 ohm resistor decreased by Z percent.

200 ohm resistor decreased by 1 percent.

No internal changes seen.

Changed calibration (reduced resistance).

Temperature coefficient decreased by 4 percent.

High leakage current on severaL units (one

out of specification).

High slope of leakage versus temperature

(several units).

One unit exhibited slightly higher leakage.

Somewhat higher noise and starting torques.

Evidence of considerable wear. Some evidences

of cold weld traces on wires.

Operating limits widened (0-10°C versus

0-6°C specification). No evidence of internal

degradation.

Several discoloration bands of varying

thickne s s.

Reduced specular reflectance:

Original value: 88 percent

"Dirty" region: 10 to 15 percent

(February 1970)

g0 to 30 percent

(April 1970)

Clean region: 50 to 60 percent

(April 1970)

Film on beamsplitter plate.

Optical transmission degraded from 65 per-

cent to 60 percent (primarily at shorter

wavelengths}.

Some increase in focal length adjustment

torque.

Remarks

Difference could also be attrib-

uted to original manufacturing

process.

May be attributed to absence of

focusing by grid 5. Reduction

also expected after prolonged

operation.

Value still within specifications.

Could be caused by annealing.

Could be caused by annealing.

Could be caused by changes in

electrical properties of bonding

cement,

Possible correlation with low

original forming voltage.

All units still functionally

adequate.

g4hour baking at IZ5°C restored

original characteristics. Attrib-

utable to moisture penetration

through cracked glass case.

Attributable to absence of

lubricants. No information

obtained on performance of

lubricated potentiometer s.

Could be due to environment and

the shearing forces in bimetallic

disk. Might also have been

launched in this condition.

Presumed to be lunar dust.

Shadowing by surrounding sur-

faces noticeable.

Presumed caused by lunar dust.

Improvements attributable to

partial loss of dust in handling.

May be attributable to nearby

burned shutter coil.

Lens functionally acceptable.

I
I

I
!

i

i
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I
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Table 1-4 (continued)

Subsystems,

I

I

I

I
I

I

I
I

I
I

I

I
I

I

Components,

and Materials

Teflon/

poiyimide wire

coatings

Wire and

cable

conductors

Polyurethane

foam

C onformal

coatings

Teflon

Cable wrap

(TFE)

Conductor

insulation

(TFE, FEP)

Collar and seal

(TFE)

Adhe sire s

Polyamide

FM-1000

Gears

Bearings

External

surfaces

Paints

Metal s

Observation Effects

Flaking off:

i) Under exposed nylon tie wraps.

2) Near epoxy used to secure ties.

3) Near harness bends.

Degraded physical properties of polyimide:

Lower tensile strength and elongation.

Lowered tensile strength, depending on

exposure:

10 percent reduction of some internal wires.

Over 50 percent reduction of external

cables. *

Absence of isocyanate

Extensive axial cracking: (Particularly

severe for coatings thicker than 0. 1 inch).

Glass-case diodes and resistors.

Metal-case transistors and capacitors.

Ceramic-case resistors.

Gold-plated terminals.

Induced cracking of many component glass

cases.

Degraded physical properties.

Reduced tensile strength. Lower

elongation.

Darker color

Cracking:

Fiberglas s -to-aluminum bonds.

Adhesives to gold-plated circuits.

Change of physical properties:

Increased hardness (exposed adhesives).

Decreased shearing strength.

Enbrittlement (FM- 1000 only).

Galling

Dearth of lubricants.

Insufficient lubrication.

Contamination by dust.

Cracking and darkening of white organic

paint. Cracking, color change, and change

in optical properties of white inorganic

paint.

Remarks

Two suspected contributory causes:

i) Abrasive action of tie cords.

g) Thermal cycling (improved

materials available).

Believed to be result of annealing.

Attributable to chemical reaction

at elevated temperatures.

Negligible effect on performance.

Outgassing may affect nearby parts.

Attributable to thermal cycling and

differences in thermal coefficients.

Chemical and physical tests

eliminated other hypothesized

mechanisms.

Bonds apparently still strong.

Extent of change apparently

dependent on degree of exposure.

Conclusive data on this relationship

not available.

Difference in thermal coefficients

believed to be the cause of cracking

and decreased shearing strength.

Lower shearing strength also

attributed to hardening.

Enbrittlement of FM-1000 attributed

to elevated temperatures of resultant

outgassing of volatiles.

Microseal lubricant appears marginal.

Application process caused cracking.

Molybdenum disulfide lubricant rubbed

off.

Lubricant apparently wore off or was

wiped off.

Radiation damage proportional to

solar exposure.

Dust effect larger than expected.

*Obtained in tests conducted on companion NASA/MSC contract (Reference 1).
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TABLE I-5. SIGNIFICANT OBSERVATIONS RELATIVE TO ABSENCE OF
EFFECTS OF LUNAR ENVIRONMENT

Subsystems,

Components,

and Materials

Camera and its

various subsys-

tems (dis-

mantling oper-

ations}

Electric circuits

3 chassis

checked

functionally

5 chassis

checked

passively

Vidicon

Optical sub-

assemblies

and mech-

anisms

Resistors

Carbon

composition

Carbon film

Precision

wirewound

Capacitors

Metallized

paper/mylar

Glass

Mica

Diode s

High conduc-

tance switch

Zener (2 types)

High voltage

stacks

Silicon control

rectifiers

Significant Observations and Test Results Remarks

All torque values nominal (screws, nuts,

fasteners, etc. ).

No additional evidence of cold welding.*

All measured circuit functions nominal except

for specific anomalies in Table 1-3.

All passive checks nominal, except for specific

components anomalies in Table 1-3.

Retention of vacuum (I0 -2 to 10 -3 Torr range).

No apparent structural changes.

Nominal heater and cathode emission.

Nominal electrical and functional param-

eters (those which could be measured in

the absence of photoconductor and grid 5).

Nesa coating apparently intact.

Indium seal intact.

Functional parameters nominal:

Operating voltages.

Torques and stepping rates.

No apparent degradation of components:

Motors, drives, gears, etc.

No evidence of changes of characteristics:

Resistance values.

Noise.

Temperature and frequency dependence.

No evidence of internal changes.

No significant changes in parameters--

slightly lower capacitance of paper/mylar

units.

No degradation of mica insulation.

No evidence of internal changes.

Functional parameters unchanged.

No evidence of internal changes.

Validated by three techniques:

Pirani gauge

Gas ratio

Gas content

Functional measurements included:

Cutoff.

Beam transmis sion.

Beam transfer.

Both ambient and vacuum tests

conducted.

Selected units internally exan]ined.

Selected units internally exal'ctined.

Selected units internally examined.

I

I
I

I
I

I

I

I
I

I
I

I
I

I

I
I

I
*Except for connector shell anomaly (Table 1-3) and traces on potentiorneter windings (Table 1-4).
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Table i-5

Subsystems,

(continued)

I
I

I

I

I
I

I
I

I

I
I

I

I

I
I

Components,
and Materials

Transistors

General-purpose

(2 types)

High frequency

High voltage
Power

Low noise

Mechanical

components

Motors (2 types)
Inductors

(g types)
Connector

Optica[

c omponent s
Mirror

Lens barrel

Wire and

cable

Circuit boards

Insulation

Foam

Potting com-

pounds

Organics

Teflon (FEP

and TFE)

Nylon ties

Polyimide

Adhesives

Gears and

bearings

Potenti-

ometers

Paints and

metals

White organic

paint

Black organic

paint

Polished

aluminum

Significant Observations and Test Results

Function parameters unchanged, except high noise

figure of one transistor.

No evidence of internal changes.

No change in functional parameters and internal
structure of motors:

Electrical parameters.

Torques and stepping rates.

Magnetic components nominal.

No change in connector characteristics:

Contact and insulation resistance.

Separation forces.

No physical changes of mirror:

No delamination.

No significant change in flatness.

Good lens resolution and image contrast.

No significant changes of lens barrel

subassembIy.

Good appearance of harness:

Teflon wrap tight and smooth.

Internal cable and component leads generally
unaffected:

No changes in electrical characteristics

No metallurgical effects (e. g. , micro-

hardness unchanged).

Nominal hardness and specific gravity of
board materials.

No appreciable changes of solder:

No cracking and no corrosion.

Strong joints and nominal peel strength.

Nominal electrical properties.

Nominal solde rability.

No apparent effects on terminals.

Foam generally unchanged.

No significant effects on potting compounds

(filled and unfilled).

No chemical changes of significance.

No significant change in electrical properties.

Nominal peel strength.

No abnormal wear.

No evidence of corrosion.

Nominal characteristics except:
Excessive wear due to absence of lubricants.

One defective potentiometer (see Table 1-2).

No unexpected degradation by environment:

No loss of adhesion of paints.

Evidence of contamination by lunar dust.

Evidence of some micrometeeroid impacts but

no resultant damage

Remarks

Selected units were internally examined.

Intermetallic growth observed:

Accounts for high noise figure.

Attributable to A1-A1 bonds (no longer used).

Not unusual after prolonged storage.

One motor and inductors examined internally.

Peeling of connector gold plating:

Due to original contamination.

Aggravated by lunar environment.

Flatness not measured originally.

Lens barrel not disassembled.

Discoloration of nylon ties due to epoxy.

Voids observed in potting compounds.

Characteristic of materials used.

Voltage breakdown onset at 50 volts/rail.

Tests conducted inciuded:

IR and UV.

Elemental analysis.

Viscosity.
Electron paramagnetie resonance.

Spin determination.

Differential thermal analysis.

CompLetely satisfactory performance

expected if properly lubricated.
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It should also be recognized that the assessment of test results,
conclusions, and recommendations presented here represent the judgment

of only a small number of people. It is expected that for any particular

future application the relative significance of some of the finds and recom-

mendations would be viewed differently.

1.6. 1 General Conclusions and Recommendations

It is considered in retrospect that return from the moon and sub-

sequent test of the Surveyor III television camera were extremely worthwhile.

However, similar return of another Surveyor television camera is not con-

sidered sufficiently useful to justify the effort. On the other hand, return

of similar hardware from a different space environment is believed to be

equally worthwhile and merits serious consideration.

Studies of the returned television camera and its parts are believed

to have produced a wealth of useful information of direct applicability to

future programs. Significant effects of lunar exposure have been noted.

Of perhaps even greater significance is the observed absence of certain

effects of the lunar environment that might have been expected or con-

jectured to occur.

It is believed that the test program has been reasonably compre-

hensive. Very few areas, if any, of potential value have been omitted from

the investigation. Within the limited scope of the program, a fairly com-

plete sequence of tests was conducted on all of the various parts, compo-

nents, and materials of significance although these tests can by no means be

termed exhaustive.

It is recommended that a careful review of the test data contained in

this report be made in the course of designs of future spacecraft. It is

expected that each particular application will find useful data of pertinence

even though the emphasis may vary. Accordingly, depending on the partic-

ular areas of concern recognized, additional tests on some of the returned

Surveyor III television camera hardware may be worthwhile (see Section

1.6.3 below). Wide dissemination of this report with appropriate recom-

mendations to space system designers is therefore suggested.

Test results generally indicated that the camera hardware withstood

the rigors of lunar exposure extremely well. Mechanical, electrical, and

optical subsystems and components were generally unaffected, and no signif-

icant evidence of cold welding was noted. The variety of materials also

withstood the hostile environment with few changes in their properties.
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The most striking effects of the lunar environment observed

appeared to be those associated with the discoloration of external surfaces.

In addition, significant "mud-cracking" of the white organic paint was

observed over many of the exposed surfaces. It was determined that the

discoloration was primarily the result of radiation change and of contamina-

tion by lunar dust, with a relatively minor contribution from organic deposits.

The degree of relative contributions of radiation and dust varied from all dust

in some areas to all radiation in others, with the majority of exposed surface

areas discolored by a combination of these two factors. Radiation-induced

effects were proportional to the degree of solar exposure. Dust was generally

much higher than expected. The resultant significant reduction of optical

properties may be of major consequence to future applications. An assess-

ment of results obtained on this program and further experiments and analy-

sis, such as those indicated in Section 1.6.3, may be warranted.

Of noteworthy significance was the observed pronounced effect of

the Apollo lunar module descent engine in blowing lunar dust onto the

Surveyor television camera from the relatively large distance of more
than 500 feet.

No evidence was noted of serious damage due to micrometeoroid

impact or of physical changes due to radiation.

A number of specific failures and anomalies, including the three

previously noted Surveyor IIImission anomalies, were uncovered. Results

of analysis revealed that the lunar environment played a relatively minor

role as a primary cause of these anomalies except in those few instances

where specific expected electronic component failures occurred. These

failures, caused by cryogenic thermal cycling through the lunar night, were

fewer than might have been expected. Survivability of these components

through the lunar night (some were of obsolete design and were later

replaced) was not generally expected prior to launch, *_:-"and the relatively

small number of failures demonstrates the benefit of prelaunch cryogenic

cycling and screening to which such components were subjected for the

early Surveyors.

A relatively large number of the anomalies and changes observed

were associated with two easily correctable design factors: mismatch of

thermal coefficients of expansion between adjacent materials and improper

or absent lubrication. Examples of the former are cracks in conformal

coatings and associated cracks in component glass cases, degradation of

adhesive contacts, cryogenically induced degradation, and failures inside

the tantalum capacitor structures. Examples of the latter were found in

potentiometers and bearings. These effects can be adequately simulated in

the laboratory. Corrective action in these areas is indicated in future

designs.

*_:'_TheSurveyor television camera performed extremely well throughout the

first lunar day. The camera would have been rendered inoperable by these

component failures.

1 -19



The importance of adequate prelaunch quality control during
manufacture, assembly, and installation was highlighted by some of the
anomalies and failures uncovered.

Use of degraded components, or components or mechanisms stressed
during prelaunch tests, poses a definite hazard to spacecraft survivability
and should be avoided. Many examples in this area can be seen in review-
ing the data presented in this report. Particular attention should be paid
to ensuring in original inspection and during testing that all hardware is
made of specified materials, is not damaged, is properly installed, and that
all consequences of possible stress during known anomalous test occurrences
be fully explored prior to launch.

It was fortunate and very helpful in assessing test results that con-
trol and comparison data were in many instances readily available. An
important factor was also the availability of personnel originally involved
in the design of the camera and familiar with its test history. The sources
for this information included a similar, not-flown, Surveyor television
camera; spare Surveyor parts available from stores, such as circuit
chassis, vidicons, clear filter, etc. ; Surveyor television camera test equip-
ment; and past records, including design data and results of tests. Avail-
ability of such control and comparison data is considered vital for the
proper assessment of any item of hardware that might be retrieved from
space in the future, and adequate prior planning should be conducted to
as sure this availability.

1.6. 2 Specific Recommendations for Future Designs

Specific design suggestions arising from the findings of the program

are presented here in the context of the preceding general conclusions and

recommendations. They should be viewed only as a set of examples; each

individual application requires independent assessment.

Designs of space hardware should be carefully reviewed to ensure

that adjacent surfaces are properly matched in terms of coefficients of

thermal expansion. Notable examples include adhesives, coatings, and

internal structure of electronic components.

Use of lubricants should be critically reviewed both in terms of

selection of proper lubricants and from the standpoint of proper installation

and verification procedures. For example, Microseal appears marginal for

gears; for this application, large gear teeth should not be hard-anodized,

etc. Steps should be taken to ensure that the lubricants have not worn in the

course of prelaunch testing, such as on gears, bearings, potentiometers,

and other critical surfaces in contact.

Manufacturing, inspection, and test records should be carefully

reviewed for all components whose failure may be critical to the mission
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in order to ensure that components with degraded characteristics are not

employed. Particular attention should be given to possible degradation

caused by stressing in prelaunch tests. Screening of components

(particularly cryogenic screening) whose specifications are marginal or

whose design poses some concern has proved valuable and should be

employed to the maximum extent practicable.

Care should be exercised in the application of coatings, epoxy, and

adhesives to ensure uniformity, use of acceptable processing, and avoid-

ance of excessive amounts. For example, thickness of conformal coatings

should be kept within acceptable limits, and epoxy bonding should be con-

fined to the areas of contact.

Selection and use of adhesives should include, in addition to con-

sideration of differential thermal expansion effects, precautions against

unwarranted hardening (e. g., by use of resilient materials) and avoidance

of bonds over plated surfaces (e.g., gold).

Susceptibility of conventional potting compounds to breakdown at

voltage gradients in excess of 50 volts/rail should be recognized and

improved materials and/or manufacturing processes developed for high

voltage applications.

Where dust contamination is of concern, careful design attention

should be given to the sealing and protection of critical mechanisms and of

exposed optical and thermal control surfaces. This consideration should

include the recognition that the integrity of seals and covers may be

degraded by space environment effects, such as differential thermal

expansion, hardening of adhesives, etc.

Adequate quality assurance should be provided in original manu-

facturing processes so that proper materials are utilized and marginal

specifications are properly recognized.

Quality assurance in assembly and installation appears to need con-

siderable strengthening. Apparently minor omissions, such as loose

fittings or minor misalignments, could have a critical effect on the mission

as a result of changes brought about by exposure to the space environment.

Future recovery of valuable hardware from space should carefully

consider landing techniques and protection of critical surfaces in the light

of specific information desired. For example, if a study of optical sur-

faces recovered is of importance, the returned parts should be carefully

protected from environments (e.g., light exposure, air, etc.). If inter-

action with the landing terrain is of significance (e. g., lunar dust), the

landing should be planned sufficiently far away from the parts to be
recovered.
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1.6.3 Possible Additional Tests of Psrts of Returned Camera

It is recognized that additional science investigation is being and will

be conducted on the returned camera hardware. Examples of such work

include studies of cosmic ray tracks, solar wind implantation, and micro-

meteoroid impact.

Several examples of possible additional engineering tests that might

be profitably conducted are presented here, without any specific recommen-

dations, as examples of many suchpossible future activities. The advisability

of conducting additional tests depends on the intended application. For any

specific future design, an in-depth review of the results presented here will

lead to the final selection of such follow-on tests, if any.

It may be of value to conduct certain additional optical tests after

removal of the suspect film and/or lunar dust contamination. Included in

this category would be optical transmission tests of the lens upon removal

of the observed film or specular reflectance measurements of the mirror

upon cleaning off of its presumed lunar dust coating.

Disassembly of the lens barrel may be appropriate in order to con-

duct additional tests of its elements. Included would be the determination

of the reason for the observed increase in the focal length adjustment

torque.

Additional tests may be useful in deter_nining the possibility and

nature of outgassing from the polyurethane foam. This investigation might

also include an assessment of the resulting possible chemical reactions

with or contamination of nearby materials in a particular space application.

Additional effort may be warranted to determine the cause of the

observed degradation of the physical properties of certain organic materials,

notably teflon TFE, whose causes remain somewhat uncertain. As indicated,

both tensile strength and elongation exhibited a decrease, depending on the

degree of exposure.

Certain changes in resistance value of resistors and platinunl

thermometers, as well as an apparent shift of the calibration of the thermal

switch, remain unexplained and may be important to a potential application.

Further studies of these observed effects may thus be warranted. For

example, the cause of the apparent reduction of the resistance and of the

temperature coefficient of the platinum thermometer may be further investi-

gated to determine whether it was caused by an annealing process, whether

it was attributable to the change in the electrical properties in the cement

used as an adhesive, or whether other factors were involved. The bimetallic

disk of the thermal switch might be further investigated as another exan_ple

to determine whether shearing forces have been generated by lunar exposure

which might account for the widening of its actuation limits.
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More detailed tests might be considered for some of the capacitors

and transistors whose parameters appear to have shifted slightly within

specifications, yet whose values may be particularly critical in a special

application. Such considerations should, of course, be tempered by the

fact that, in most cases, acceptable designs can be achieved either by

allowing for such small changes or by use of alternate, less susceptible,

component s.

Additional measurements and analysis relative to the surface dis-

coloration and contamination studies, coupled with some of the yet incom-

plete science investigations (organic analysis, mirror reflectance measure-

ments, etc.), may be warranted. This area of desired fruitful future

investigation requires much further study. Examples of specific tests and

analyses that may be warranted include:

Measurements of reflectance of samples from the bottom of

the television camera (unpainted) before and after removal of

lunar dust for comparison of data with other areas of the

camera and for partial validation of the analysis reported
in Section Ii

Measurement and studies of samples from one area of the

lower shroud which appears to be devoid of lunar dust

Experimental and analytical comparison of sanded and unsanded

areas of the camera support collar, including reflectance

measurements, and the assessment of results of organic

determination now in process as part of the science plan

Investigation to determine the reason(s) for the apparent

lesser degree of discoloration of surfaces touched up with

organic white paint

Additional tests following the assessment of the mirror

reflectance data now in process as part of the science plan

Such additional tests as may be warranted following completion

of the organic determination and other science tests now in

process

After further in-depth review of the test results presented in this

report, many additional suggestions are expected to be generated for other

tests of potential value.
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2. PROGRAM OBJECTIVES, SCOPE, AND

BACKGROUND INFORMATION

2.. 1 PROGRAM OBJECTIVES

This report presents the results of the Test and Evaluation Program

of the Surveyor III Survey Television Camera, returned to earth by ApolloXII

astronauts. The primary objectives of this study were to determine the

effects of prolonged exposure of the TV camera and its many component

parts to the lunar environment, which the camera endured over more than

2-i/2 earth-years (3Z lunar day-night cycles). The secondary objective was

to assist the scientific investigation conducted concurrently by NASA, JPL,

and scientific personnel throughout the aerospace and university community,

aimed at obtaining data on the lunar environment and its effect on materials

and on thermal and optical surfaces of the camera and its parts. These
objectives are summarized in Tables Z-I and 2-Z.

The Test and Evaluation Program was structured to pursue these

objectives. The tests of the TV camera and its component parts--circuits,

subassemblies, components, materials, and surfaces--were principally
aimed at studying conditions and changes which can be attributed to the iunar

environment. The purpose of these tests was to identify and quantitativeiy

evaluate unexpected conditions, as well as to verify and analyze postulated
changes. In the course of these studies, other effects and anomalies were

also expected, such as those attributable to manufacturing defects, design
deficiencies, excessive stressing during prelaunch testing, inherent

reliability limitations of selected parts, etc. Analysis of these findings,
if such a course of action were deemed advisable in some cases, would

provide additional information on Surveyor spacecraft components and

subsystems; but such findings would be considered to be by-products of the

prime effort, rather than its objectives.

The objectives of this study can be further characterized and validated

by the benefits expected to accrue from it to the general aerospace engi-

neering community. The unusual opportunities afforded by the detailed

laboratory examination of parts, components, and materials which expe-

rienced the 2-I/2 year exposure to the lunar environment are believed to be
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TABLE Z-Z. SECONDARY PROGRAM OBJECTIVES --

SUPPORT OF SCIENTIFIC INVESTIGATION

I

!l

I

l

,l
I
I

i
I

I

Desired Information

Improved knowledge of lunar
environment

Micrometeorites

Particulate radiation

Solar wind

Solar flares

Galactic particles

Ultraviolet radiation

Lunar dust properties

Effects of environment

On various materials

On surfaces

Biological data

Survivability of trapped earth

organisms

Potential Source of Data

Camera mirror and camera surfaces

Camera surfaces and structural

support tubes

Camera mirror, camera surfaces,

and teflon wrap

Camera surfaces and various

camera parts

Selected camera materials and

components

Selected thermal and optical

surfaces

Selected external and internal

surfaces

Selected pieces of epoxy and foam

I
I

!

I

!
I

of great potential value to the design of many future space systems -- not

merely those intended for lunar surface applications. Results of this study

could provide direct information on the suitability of various components and

materials for space applications. Relative to other means, such as simulated

ground tests or space flight experiments, certain flight qualification data may

be obtained at a cost orders of magnitude smaller for comparable quality.

The study would aid in the establishment of criteria for the design, selection,

and test of space hardware.

Study of the returned hardware also represents a unique scientific

..... +"_+-- The we+ .... _rt l_rt,_r_ _xr_ o_pc_d in _ known orientation for

a known period of time. Analysis of this hardware can significantly

Z-3



augment our understanding of the lunar and space environment. Specific
measurements that can be profitably conducted include: radio isotope
production; tracks and damage by energetic particles; implantation of
solar wind; effects of radiation and meteoroids on surfaces; lunar solar
mechanics, albedo, and particle size; and survival of micro-organisms in
space.

The study can also provide a better basis for identifying most
critical areas of research and development needed for future space pro-
grams, both engineering and science oriented.

2.2 BACKGROUIND INFORMATION

The Surveyor III spacecraft was the second of the series of
unmanned Surveyors designed, built, and tested by Hughes Aircraft
Company to be landed successfully on the surface of the moon. Sur-
veyor III landed in a crater in the Ocean of Storms on 20 April 1967. With
the successful landing of Apollo XI on the lunar surface in July 1969, con-
siderable interest was generated on the possibility of landing subsequent
Apollo spacecraft in the vicinity of one of the five Surveyors resting on
the lunar surface. The decision to land Apollo XII in the proximity of the
Surveyor III spacecraft was made in August 1969. While the primary
motivation for selecting this landing site was to use the Surveyor space-
craft as a target for ascertaining the precision landing capability of the
Apollo system, it became evident that an important secondary Apollo mis-
sion objective would be fulfilled if the astronauts could conduct an
examination of the Surveyor III spacecraft on the lunar surface, and
retrieve and return to earth some of its components.

Hughes had long been interested in the possibility of examining and
recovering from the lunar surface parts of one or more of the Surveyor
spacecraft. As early as January 1967, a recommendation had been
submitted to NASA (Reference 3) suggesting an order of priorities for
possible retrieval of Surveyor parts; topping the list of priorities was
the television camera.

When the definite possibility of landing Apollo XII near Surveyor III
arose, Hughes became immediately involved in early planning. Motivated
by its strong technical capability in all facets of Surveyor design, and by
an understandable emotional involvement and parental ties with the
Surveyor spacecraft, Hughes personnel submitted a series of memoranda
to NASA. These dealt with the proposed examination of Surveyor III by
the astronauts, selection of candidate parts for retrieval, planning and
logistics entailed in retrieval operations, and prelaunch tests and training
of the astronauts (References 4 and 5). These memoranda also discussed
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in some detail the rationale for the proposed recovery of various

Surveyor parts, including, as the highest priority item, its survey TV

camera: the consideration of scientific and engineering information

obtainable; analysis of criteria for selection of parts to be recovered;

discussion of possible recovery techniques; analysis of safety, logistics, and

handling equipment; impact on Apollo mission, etc. As part of this sup-

porting effort, several conferences were held at NASA Manned Spacecraft

Center (MSC), Houston, and tests were conducted at Hughes to ascertain

the validity of the proposed removal techniques.

When the final decision was made by NASA to include retrieval of

selected Surveyor parts in the Apollo XII mission as a planned objective,

Hughes submitted a proposal to NASA to generate a detailed plan for

processing, testing, and evaluating the Surveyor III parts upon their

return to earth (Reference 6). The Surveyor parts considered included

the television camera, the soil mechanics/surface sampler (SM/SS) scoop,

the thermal switch, a portion of the thermal blanket of a propellant tank,

a small sheet of Kapton material from an electronic compartment, and

selected sections of painted and polished support tubing. These parts

had been selected on the basis of previous Hughes recommendations for

possible recovery made as early as 1966. Other potentially desirable

parts, such as a section of the solar panel, the tip of an omnidirectional

antenna, and the Canopus star sensor, had been elminated from the final

plan for operational, safety, and logistic reasons. Two weeks prior to

the launch of Apollo XII, Hughes was awarded the contract for the conduct

of such test planning and evaluation studies.

An intensive effort to generate the test and evaluation plan was

conducted during the 2 week period prior to and concurrent with the

Apollo XII mission. This effort resulted in the detailed test plan (Ref-

erence 2) submitted to NASA on the eve of the successful completion

by Apollo 12 astronauts of the Surveyor III parts recovery operations.

The Hughes Test and Evaluation Plan, coupled with various other

inputs to NASA by JPL, NASA, and interested university science and

engineering investigators, resulted in an overall coordinated plan for

the disposition and testing of the various retrieved Surveyor III parts.

This plan included a separate contract to Hughes, technically directed by

JPL, for testing and evaluation of the Surveyor television camera in

accordance with the general plan outlined in Reference 2. This report

presents the results of the study performed under that contract. A parallel

contract was also awarded to Hughes under the technical direction of

NASA-MSC for testing and evaluation of the other retrieved Surveyor parts:

SM/SS scoop, section of cables and cable wraps, polished aluminum tube,

and sections of painted structural support tubes. Results of studies under

this contract are being reported in a separate volume (Reference l). The
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thermal switch was not recovered because of difficulty incurred by the
astronauts in removing it. The piece of Kapton also was not recovered.

As part of this contract to test and evaluate the television camera,
Hughes was also directed to conduct certain operations in support of the
parallel science investigations by NASA, JPL, university, and other
scientists.

From 20 November 1969 through 16 January 1970, during and
shortly after the Apollo XII quarantine period, a number of planning and
testing operations took place. NASA and JPL personnel were briefed by
Hughes personnel on details of the proposed program. Subsequently,
Hughes participated in the briefing at NASA Headquarters on 18 December
1969. An operations and management plan was generated by
"NASA Headquarters defining responsibilities for the various retrieved
Surveyor parts. A formal debriefing of Apollo XII astronauts was con-
ducted by Hughes, NASA, and JPL personnel in the Lunar Receiving
Laboratory (LRL) at Houston on 8 December 1969.

A series of practice runs was conducted by Hughes personnel at
the Jet Propulsion Laboratory on a non-flight Surveyor TV camera in
preparation for work on the flight camera. Subsequently, initial opera-
tions were conducted on the flight camera at MSC in Houston, as described
in Section 4. i. These operations entailed a visual examination, detailed
photography, and the removal of the outer TV camera shroud by Hughes
personnel. Subsequent science investigations at MSC, including the
conduct of a biological assay with Hughes assistance, and several other
science tests, are described in Reference 7.

Several important preparatory activities took place at Hughes during
this time. A secure clean room facility was established for testing the
retrieved Surveyor parts. A management plan was prepared, entailing
special security measures and parts control. A search was initiated for
the recovery of old Surveyor design and test data for comparison purposes.
Original Surveyor camera electronic test equipment was obtained from
JPL and installed in the new Surveyor test facility. A non-flight Sur-
veyor TV camera was obtained from JPL for the checkout of this test
equipment in preparation for testing of the retrieved camera.

The test program of the TV camera commenced with the arrival of
the camera at Hughes on 16 January 1970, on a Hughes company aircraft,
under the escort of Hughes, NASA, and JPL personnel.
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2. 3 DESCRIPTION OF TV CAMERA

The survey television camera installed aboard Surveyor III was part

of its scientific payload. It was developed to record near and distant lunar

scenes, as well as closeups of certain portions of the spacecraft, such

as the landing leg, foot pad, and crushable aluminum blocks mounted

beneath the vehicle. In operation, the photographic image of the viewed

scene is placed onto the camera vidicon; the image is then read out elec-

tronically in a manner similar to that in a television camera, and, finally,

the video signals are transmitted to earth for processing.

The survey camera is a self-contained unit requiring only external

power, telemetry, command functions, and a video transmission link.

A functional description of the TV camera has been published (see

Reference 8). The camera, shown in Figure 2-i, consists of two main

assemblies. The main body of the camera contains the power supply,

vidicon, electronics, shutter, and zoom lens assembly. The top element

is a rotatable mirror assembly, which contains the azimuth and elevation

mirror drive mechanisms and the filter wheel assembly. The complete

unit weighs 17.5 earth pounds. Figure 2-2 is a cutaway view of the camera,

indicating major subassemblies. Figure 2-3 shows the lower electronic

portion with the mirror unit removed for system test and evaluation.

The rotatable mirror assembly, also known as the hood assembly,

can be rotated almost 360 degrees in azimuth and provides for an elevation

range from -45 to +20 degrees from horizontal by varying the elevation

angle of the movable beryllium mirror mounted in the camera hood. The

mirror is a Kannigen processed beryllium blank, optically ground and

coated. The camera is mounted nearly vertical. The beryllium mirror

is driven in elevation by a stepper motor which tilts the mirror to various

desired positions. The entire hood assembly is driven in azimuth by a

second stepper motor. Both the elevation and the azimuth drives have

individual potentiometer readout devices attached to them for telemetry

of angular position data.

The filter wheel assembly, also installed in the hood, is composed

of four optical filters to provide color photographs: clear, blue, red, and

yellow/green. A separate stepper motor and potentiometer are used for

providing the driving and telemetry readout functions, respectively.

Figure 2-2 shows the location of these assemblies.

The hood assembly is made of aluminum with external surfaces

coated with a white inorganic paint of high reflectance, and with its

internal surface coated black to reflect stray light back into the .vidicon.

This passive thermal control design protects the filters, stepper motors,

and potentiometers. The hood of the Surveyor III camera was the first

to be modified to include an attacnea overilgllging [ileLal aLl lp, sevei-al

inches wide, to act as a visor in order to prevent stray reflectance of sun-

light from hitting the beryllium mirror.
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Figure 2-1. Survey Television Camera (Photo A07257) 
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Figure 2-2. Cutaway View of Survey Television Camera 
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Figure 2-3. Lower Electronic Portion of Survey Television Camera With Mirror Unit Removed (Photo R96128) 
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The camera body is composed of several major assemblies, lenses,

the vidicon tube, and electronics. The variable focal length lens assembly,

shown in Figure 2-4, is located just below the filter wheel assembly. It

has a variable focal length lens of 25 to 100 mm, and can also be focused

from 4 feet to infinity. These lens functions are operated by commands
from the earth and are motor driven. Attached to these drives are

separate potentiometers for telemetry readout of position data to earth
controllers.

The variable focal length lens assembly has a lens aperture range

of f/4 to f/22. The lens aperture is adjusted automatically to the light

level encountered, or it can be driven by command from earth in an over-

ride mode. The lens aperture adjustment also has a separate motor drive

with an associated telemetry readout potentiometer.

Just below the lens assembly is the focal plane shutter. The

shutter provides for a 150 ms exposure time of the vidicon faceplate.

Variable duration time exposures can also be obtained by command. The

shutter can also be commanded to remain open for a variable or for an

indefinite length of time by command to obtain a variable duration time

exposure. A beam splitter above the shutter feeds a percentage of

incoming light energy to a photocell which controls the lens iris for auto-

matic exposure control. This sensing device keeps the shutter from

opening if the light level is too strong. The device can be overridden by

a command from ground control.

The vidicon tube (Figure 2-5) is beneath the focal plane shutter and

mounted vertically in the camera. The vidicon is described in some detail

in Section 6. Thermal control for the vidicon is provided by a radiator

extending from the camera body and thermally connected to the vidicon

by means of a boron nitride collar.

Below the vidicon is the electronic conversion unit, as shown in

Figure 2-6. This unit converts the 28 volt dc spacecraft bus voltage to

camera operating voltages. This unit is enclosed in an RFI housing to

prevent interference with vidicon operation. The electronic circuits for

sweep, control, amplification, etc. are placed around the lens assembly

and vidicon, as shown in Figure 2-7.

The Surveyor camera system provides for either 200 or 600 line

photos. The latter requires the operation of the high-gain Surveyor direc-

tional antenna and the high power level of the transmitter. The 600 line

mode provides a picture every 3.6 seconds, and the 200 line mode every

61.8 seconds.
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Figure 2-4. Variable Focal Length Lens Assembly (Photo R97597) 
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Figure 2-5. Vidicon Tube (Photo R98432) 
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Figure 2-6. Electronic Conversion Unit (Photo R98455) 

Figure 2-7. Electronic Circuits for Sweep, Control, and 
Amplification (Photo R98425) 
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The TV camera is encased in a 6061 aluminum alloy shroud, whose

external surfaces are painted with a special Hughes-m_nufactured inorganic

white paint for passive thermal control. The bottom plate of the camera,

facing the lunar terrain, is unpainted polished aluminum. Power, control,

command, and telemetry connections are channelled through four Microdot

series 43 type connectors; three of these are on the lower front and one

is at the side of the upper hood assembly. Incoming aluminized teflon-

wrapped cables connect to the external two lower shroud connectors. A

separate cable from the middle of the lower shroud to the hood assembly

connector provides for the electrical connection between the camera body

and the hood assembly. This so-called TV camera cable is flexible and

rotates with the mirror assembly.

The performance characteristics of the survey camera are as
follows :

Raster 600 or 200 lines

Signal-to-noise ratio 31 dB minimum

Field 6.4 by 6.4 degrees (I00 n. mi)

25.2 by 25.2 degrees (25 n. mi.)

Focal length 25 or I00 mm

Shutter time 150 ms

Lens aperture f/4 to f/22 in i/2 stops

Focal range 4 feet to infinity

Frame rate 1 frame per 3.6 seconds

Azimuth coverage 360 degrees

Elevation coverage -45 to +20 degrees

Luminance range 100 footlamberts (f/4)

Additional design details and circuit schematics are provided in

subsequent sections of this report, where results of individual tests of the

various subassemblies are presented.

2.4 TV CAMERA TEST HISTORY AND LUNAR MISSION OPERATIONS

Performance of the TV camera during its entire history, ranging

J-_:; v _ J- p

was an important factor in planning and evaluating the tests conducted on its
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component parts. Knowledge of past performance could materially aid in
the assessment of whether and to what extent the test results and anomalies
observed are attributable to the effects of lunar exposure, or whether they
can be explained and accounted for by other factors, such as inherent design
and reliability features, prior condition of the camera, or stresses incurred
in prelaunch tests. For this reason, a brief resume is presented here of
the Surveyor III TV camera test history and its operation on the lunar sur-
face prior to Surveyor III shutdown at the end of the first lunar day of its
operation. This summary is obtained from a variety of records available
at Hughes and from Surveyor mission reports (References 9 and I0).

2.4. 1 Surveyor III TV Camera Test History

The camera was assembled as a unit in 1964. Its various sub-

assemblies --chassis boards, vidicon tube, electronic conversion unit (ECU),

lens assembly, and mirror assembly--were subjected to specified tests

prior to camera assembly to verify their operational limits. These unit

tests included the following:

Cryogenic survival tests of the vidicon tube (immersion in

liquid nitrogen, -325°F cryogenic soak)

Thermal-vacuum and vibration tests of the lens and mirror

assemblies

Operational temperature tests of the ECU and chassis boards

(ambient, -20 ° and +160°F)

Various upgrade and retrofit operations were conducted after the

initial assembly of the camera until its launch on Surveyor III in 1967

to incorporate desired design improvements and to replace parts which

failed in the course of unit and spacecraft system tests. Most important

of these were the following:

i)

z)

The lubricant used in the lens assembly was replaced with an

imp roved type.

The vidicon sensitivity was improved for low light level (star

mode) operation.

3)

4)

A sun shade was added to the mirror assembly for the

reduction of glare.

An access port was added for cleaning and inspection of the

vidicon faceplate.

5) The TV cable from the lower chassis to the upper movable

mirror assembly was redesigned for increased flexibility.
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6) Electrical components in the vidicon circuit were replaced

with selected parts to optimize the vidicon operating point.

7) A separate thermal regulator was added to the mirror

assembly.

The camera underwent a series of tests as a complete unit assembly

prior to its installation on the spacecraft. These unit tests were conducted

during the period from 1965 through 1966.

A major replacement was made on the Surveyor III TV camera in

August 1966. Because of problems encountered with the azimuth and

elevation drives, which tended to hang up in stepping during environmental

tests, the entire mirror assembly was replaced with another mirror

assembly of the same design. Defective and suspect components --motor

and potentiometer -- were subsequently replaced on the mirror assembly

removed from the Surveyor III TV camera. It should be noted that the TV

camera subsequently underwent a major redesign to correct these

marginal operational characteristics, and an improved model of the camera

was installed on later Surveyor spacecraft, beginning with Surveyor V.

The camera with the new mirror assembly was subjected to a series

of retests at the unit level in August 1966. In all, counting the unit tests

with the original mirror assembly as well as the retests with the new

mirror assembly, eight flight acceptance tests and six partial flight

acceptance tests were conducted. A complete flight acceptance test

included the following:

• Functional test under ambient conditions

• Vibration of 4 to 9 g at 125 to 2000 cps

• Postvibration functional test _ambient)

Operational tests under thermal-vacuum conditions in a

temperature range from -20 ° to +125°F at a pressure less
than 10 -5 Tort.

• Final ambient functional tests

In addition to the above tests, the TV camera was subjected to

eight cryogenic soaks in order to isolate marginal components. Six of

these cryogenic soaks were at -180 ° and two at -150°F. Some of the

failures uncovered included defective tantalum capacitors and cracked

components resulting from excessive conformal coating buildup on the
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chassis boards. During the above unit test phases, approximately

45 failure reports were written. These can be summarized as follows:

Number of

Failure Reports

Azimuth and elevation stepping problems 12

Cryogenic failures (cracked resistors,

diodes, and capacitors)-

Mechanical�manufacturing discrepancies

System test anomalies (resolutions,

horizontal response)

Erroneous test specifications 4

Faulty test equipment

Overstress of components in test -

operational problems

12

Human errors 2

Total 45

The camera was further subjected to system level tests after it

was installed on the Surveyor spacecraft. These included integrated

system checkout tests, simulated mission sequence tests, electro-

magnetic interference tests, spacecraft vibration, solar-thermal-vacuum

tests, and comprehensive prelaunch functional tests at Cape Kennedy.

Except for replacement of the mirror assembly in August 1966 (dis-

cussed above), no changes or replacement of parts were made on the

Surveyor III camera in the course of the comprehensive testing in unit

areas, and as part of the Surveyor III spacecraft; so the flight configura-

tion was identical to that which had successfully passed the required tests.

However, one significant event occurred early in 1967, which has a

potential bearing on one of the Surveyor III camera failures uncovered

and discussed in this report.

In March 1967, just before launch of the Surveyor III spacecraft,

a problem was uncovered in the unit environmental area in the course of

environmental testing of two other similar TV cameras: one supplied for

Surveyor 4 and one a spare. Excessively high current was found in the

shutter solenoid circuit of both of these cameras, leading to damage and,
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on one camera, to burnout of components, i.e., drive transistor, series

resistor, and shutter solenoid. The problem was traced to an improper

termination of a coaxial cable in the test rack; the prime initial evidence

of stressed components was the erratic operation of the camera shutter.

The importance of this discovery to the Surveyor III camera lay in the fact

that the same test rack had been used earlier in January 1967 to test this

camera although apparently no damage had occurred.

Upon discovery of this problem, the Surveyor III camera was sub-

jected to a special test to validate its integrity. This diagnostic test

entailed operation of the shutter at both low and high voltages. No

abnormal shutter operation was noted, and it was decided as a calculated

risk that the camera was suitable for flight, notwithstanding the possibility

of some stress. The confidence of its satisfactory performance appeared

to be high. An alternative decision would entail a major delay since a

retrofit of the camera would require a major retest. This decision was

subsequently justified by the successful performance of the Surveyor III

television system on the lunar surface. However, the potential stress

to the shutter solenoid drive transistor should be recognized and is

reflected in the failure analysis discussed in Section 12.

Prior to the launch of the Surveyor III spacecraft, a complete assess-

ment was made of the acceptability of the TV camera as part of the consent-

to-launch deliberations. The following potential failure modes were

identified :

l) Operability of potentiometers at low temperatures

2)- Performance of the variable focal length and iris under

vacuum conditions

3) Low reliability of the tantalum capacitors at low temperatures

4) Marginal mirror drive mechanisms

Notwithstanding the existence of these potential failure modes, the

camera was considered acceptable for launch. This decision was, in part,

motivated by the previous successful performance of the Surveyor I

camera and was completely vindicated by the subsequent successful per-

formance of the Surveyor III TV camera during its mission.

2.4.2 Performance of the Camera on the Lunar Surface:: _

During transit from the earth to the moon, the camera was sub-

jected to an estimated temperature excursion of -180 ° to +150°F and

_':_Additional data are available in Reference I0.
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vacuum environment of 10-5 to 10-ll Torr. It also experienced vibration
and shock during the launch, midcourse, and lunar landing phases of the
Surveyor spacecraft.

The landing of Surveyor III was not nominal. The vernier engines
remained on through the first touchdown at a thrust level equal to about
90 percent of the spacecraft lunar weight. The spacecraft rebounded from
the lunar surface and landed again a short distance away. This procedure
was repeated twice until the vernier engines were shut down by ground
command about 1 second before the third touchdown, when the spacecraft
finally came to rest on the surface.

The failure of the engines to turn off through two touchdowns

appeared to have caused contamination or pitting of the camera optical

surfaces. For some camera angles, this resulted in glare in the pictures;

this glare was caused by the scattering of sunlight from the degraded mirror
surface. The camera was subjected to the landing shock three times.

The landing sequence was presumed to have stirred up a considerable

amount of lunar dust, which may have been deposited on parts of the TV

camera. The amount of the deposit may have been aggravated by the fact

that the sequential landing points were along the slope of the Surveyor

crater. Details of the landing of Surveyor III and of the performance of

the Surveyor TV camera on the lunar surface are presented in Refer-
ences 9 and 10.

All survey television camera functions were exercised on the lunar

surface in April 1967 during the first lunar day of operation of the Sur-

veyor III spacecraft. More than 6300 television pictures were obtained,

meeting all of the objectives for scientific analysis. Certain abnormal

operations, however, were encountered, attributable in part to the lunar
environment.

Analysis of data retrieved provided some knowledge of the thermal

environment to which the camera was subjected, which it is useful to

summarize here. Just prior to landing on the lunar surface, camera

electronic heaters were turned on to bring the camera up to its operating

temperature in order to be ready to take pictures immediately after touch-

down. This procedure raised the temperature from about -140°F (camera

temperature in transit) to the minimum operating value of -20°F.

The expected lunar surface temperature at touchdown was about

0°F, rising sharply as the sun rose in this area. Peak lunar surface

temperature rose to over 200°F within 6 earth days after touchdown, when

camera operations were discontinued. The corresponding camera tempera-

tures were 0°F at touchdown and 150°F peak during the lunar day.
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Within this period, on April Z4, 4 earth days after touchdown, a total

eclipse of the sun by the earth Occurred, dropping lunar surface temperatures

from over 200°F to less than -100 °, and then rising back again to over

200°F in a period of about 6 hours. The corresponding camera tem-

peratures were approximately 150 °, 0 °, and 150°F. This provided an

excellent opportunity to evaluate thermal aspects of the spacecraft and its

television camera. In the course of the lunar operations, three major

anomalies were noted, as described in the following paragraphs.

Veiling Glare

The failure of the vernier engines to shut down and the ensuing

hopping maneuver of the spacecraft on the lunar surface appeared to have

caused contamination or pitting of the camera mirror and optics.;:-" Studies

were performed to substantiate this conclusion. Detailed information is

available in Reference 10, Part II, pp. 198 to 200. It was estimated that

at least 30 percent of the upper half of the TV mirror had been affected.

This caused severe veiling glare in some pictures at camera angles which

had direct or reflected sunlight shining upon the upper portion of the
mirror surface.

Elevation and Azimuth Drive Anomalies

The television camera experienced some difficulties in stepping

the mirror both in elevation and in azimuth. The mirror azimuth drive

failed to step 432 times out of a total of 10, 045 commands. The fact that

these occurrences were most severe when the camera was cold suggested

that the azimuth stepping failures were probably due to one or more of

the following factors: motor wear, binding of the azimuth bearing at one

particular location (-about +10 degrees) as a result of thermal stresses,

and increased friction of the ring gear because of lunar dust. The

elevation stepping failures -- 67 times out of 3594 commands -- indicated

a motor/gear wearout trend. The camera had accumulated over 34,000

steps each in azimuth and elevation during prelaunch testing.

Filter Wheel Anomaly

Near the end of the lunar day, a failure occurred at the readout

potentiometer of the filter wheel (containing the red, green, blue, and

clear filters). Proper operation of the filter wheel was verified through

television pictures; however, telemetry of this function was not operative.

_".'-For i• , .i...... , ±_It 0 2i launcn.reilau1,1ty reasons, Lne _lirror was i : pe at I ...... ' On

subsequent spacecraft, the mirror was closed.
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All other camera functions performed nominally. Recorded data
were available on mission performance, such as sync levels, analog
video, etc. At the end of the first lunar day, the camera was turned off
prior to shutdown. Records are available relative to all commandable
functions, such as positions of its azimuth and elevation drives, the filter
wheel (from photographic data), iris, focus, and focal length.

Unsuccessful attempts were made on subsequent lunar days to
revive the Surveyor spacecraft. In the course of these attempts, many
signals were sent to the spacecraft. Records of these signals are available.

Prior to its recovery by Apollo XII astronauts, the camera resided
on the lunar surface for approximately 2-I/2 years. During this period,
the camera was exposed to the effects of the lunar environment, briefly
described in Appendix B. It underwent 32 day-night lunar cycles,
entailing temperature excursions of from -300°F during the extreme
of a lunar night to +150°F at the height of the lunar day. Because of its
location on the spacecraft, the camera experienced space radiation and
bombardment from micrometeoroids. The TV camera was also sub-
jected to possible contamination from the products of outgassing from
other components of the Surveyor III spacecraft and to the effects of
showers of dust from the lunar soil incurred both during the original
multiple-bounce landing of Surveyor III and during the nearby landing
of the Apollo XIIlunar module. It is also possible that debris disturbed
from the lunar surface by meteoroids during the 2-I/2 years of lunar
exposure contributed to the presence of residual dust on the Surveyor
spacecraft.

2.5 TV CAMERA RETRIEVAL AND RETURN TO EARTH

The Apollo XII astronauts retrieved the camera during the second
extravehicular activity (EVA) in the early morning (PST) of Z0 November
1969. Recovery of the TV camera was conducted essentially in accordance
with a previously formulated plan and was monitored by ground controllers.
While one of the astronauts held the camera, the other severed it from the
spacecraft by cutting the five supporting struts and the cabling with a
specially provided bolt cutter. The cables severed included two main cables
leading to the outer two of the three front connectors on the lower shroud
and the cable leading froln the center connector of the lower shroud to the
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upper mirror assembly connector. The TV camera, with the pieces of

cabling and struts attached, was placed in a special bag provided and sub-

sequently carried to the lunar module and returned to earth in the ambient

environment. Vacuum-seal return of the camera was not feasible.

Prior to the removal of the TV camera from Surveyor Ill, a number

of black and white photographs were taken by the astronauts. Included in

these photographs were closeup pictures, emphasizing the appearance of the

TV mirror which had been left at an angle of approximately 45 degrees. The

astronauts had been instructed to swipe the TV mirror once with a finger,

and to photograph the mirror to show its appearance before and after

swiping , but only in the event that the TV camera could not be retrieved.

This was planned in order to obtain some contingency data on the contamina-

tion or pitting of the camera surface. This operation was, in fact, conducted

by the astronauts notwithstanding their retrieval of the camera; so the TV

mirror bears striking evidence of the swiping, as seen in the frontispiece.

The TV camera was then transferred to the command module and

remained in its recovery bag throughout its return flight to earth and its

receipt in LRL, Houston. During the landing of the Apollo command module

in the Pacific, a severe jolt occurred; the two dents noted in the TV camera

hood, which can be seen in the frontispiece, are believed to have been

incurred at that time. These dents were discovered upon removal of the

camera from the carrying bag in LRL but do not appear in the photographs

taken by the astronauts on the lunar surface.

The camera was delivered to quarantine at LRL in its carrying bag.

Early in the quarantine period, one of the astronauts removed the camera

from its carrying bag, presumably to separate it from the trapped lunar

dirt and dust. After displaying the camera briefly through the window of the

quarantine room, at which time several photographs of the camera were

taken, the astronaut placed the TV camera in a new heat-sealed polyethylene

bag. Loss of information may have resulted because of the possibility of

photo-oxidation reaction. The camera was left in its new container for the

remaining period of quarantine in LRL until it was examined and subjected

to the MSC operations by Hughes and NASA personnel, as described in
Section 3. Z.

2.6 SCOPE OF THE TEST AND EVALUATION PROGRAM

The Test and Evaluation Program was designed to meet the objectives

defined in Section 2. I. Several important ground rules were adopted to
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ensure compliance with these objectives and with funding limitations, and a
task structure was established to identify and define in detail the test and
evaluation operations. The scope of this program was generally consistent
with that previously postulated in the Surveyor Parts Test Plan
(Reference Z).

Z.6. 1 Program Ground Rules

The following ground rules were established and followed in the con-

duct of the Test and Evaluation Program.

i) System level testing of the TV camera was excluded to ensure

that all potential evidence on the effects of lunar exposure on

camera parts and components was preserved since system level

testing could lead to potential stress and degradation and since

operability of the camera as a Surveyor spacecraft subsystem

was not a program objective.

z) Strict guidelines were established early in the program, and

officially pronounced by NASA letter (Reference ii), relative

to the conduct of tests which would result in partial or total

destruction of parts of the camera. Limited but careful

preliminary analysis was to be conducted to determine the use-

fulness of destructive analytical techniques before committing

to test any significant portions of TV camera parts and

components, and at least 50 percent of similar parts, compo-

nents, and materials of the TV camera were to be preserved

for possible future follow-on investigations.

3) The sequence of testing was to be in compliance with the above

requirements. This entailed preliminary evaluation of test

results as they were obtained, establishment of milestone

decision points along the postulated test sequence plans, and

close liaison with the customer in sequential execution of the

steps of the testing process.

4) The scope of the individual tests was planned to stress acquisi-
tion of data on the direct effect of lunar environment. Changes

and failures that were attributable to the lunar environment

were to be pursued on the highest priority basis, and a special
effort was to be exerted to further assess the relative contribu-

tions of the components of this environment whenever it

appeared likely that a combination of effects was instrumental

in producing a change.
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This important ground rule can be illustrated by the following

examples: Observed deformation of azimuth drive ring gear

teeth was not pursued in excessive detail, once it had been

established that the cause was traceable to prelaunch history

and not to the lunar environment. On the other hand, a more

intensive investigation of surface contamination effects was

undertaken because of the desire to identify the contributions

of several components of the lunar environment: radiation,

lunar dust, and deposition of products of outgassing.

5)

6)

Evaluation and failure analyses were to be motivated by the

desire to generate useful design data for future programs,

rather thanmere[y by the need to explain all failures. As an

example, it was decided not to conduct a failure analysis of the

uncovered burned out metal film resistor and alloy transistor

because these components are obsolete.

2.6.2 Tasks

The selection and the extent of testing of circuits and electrical

components were to be based on the categories of available

components, their uniqueness and accessibility, the availability

of preflight data, and the redundancy between similar compo-

nents present in the chassis tested in circuit tests and those

subjected to component level investigations.

The Test and Evaluation Program was carried out in the form of

17 distinct tasks. Scope of the effort can best be described by the following

quick summary of the objectives and content of these tasks.

Program Management

This task encompassed management, administration, security and

facility coordination, documentation, inventory control, monthly reports,

and oral presentations. Highlights of program management operations are

described in Appendix A.

MSC Operations

This task was concerned with operations conducted at NASA-MSC

before the shipment of the TV camera to Hughes. This task included

preliminary survey, shroud removal, and assistance in biological assay and

other scientific tests conducted at MSC, as well as all preparation and

practice tests performed in Los Angeles. The MSC operations are described
in Section 3.2.
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Survey Operations

This task entailed the initial survey operations on the TA r camera

prior to its dismantling, as well as survey operations conducted throughout

the rest of the program, primarily during the dismantling operations.

Included in these survey operations were visual and microscopic examina-

tions, extensive photography, and the analysis of contamination samples

removed, if any. This task is discussed in detail in Section 3.3.

Camera Dismantling

This task included the dismantling operations of the TV camera to

the levels necessary for a complete evaluation. The task was concerned

with the removal of the various electrical chassis, optical subassemblies,

and the vidicon. Detailed disassembly of the optical subassemblies formed

part of the optical subassembly tests described below. The scope of the

camera dismantling task included the procurement of all tools required,

measurements during the dismantling operations (such as screw removal

torque values), and maintenance of a comprehensive parts inventory system.

Work conducted under this task is described in Sections 4. 1 and 4. 8.

Checkout of Electrical Test Equipment

This task involved the procurement of the test equipment required to

evaluate the TV camera electrical circuits, and the installation, calibra-

tion, and checkout of this equipment, using spare non-flight television

cameras. The bulk of this equipment was available from the Surveyor

program. This task is discussed in Section 4.2 and Appendix C.

Electric Circuit Tests

This task comprised performance of selected functional tests on

three of the eight electrical chassis of the TV camera. These carefully

selected and planned tests were conducted before the dismantling of the TV

camera as part of the overall plan to evaluate the electrical components.

The tests were preceded by the checkout of similar chassis on a non-flight

camera. They included a visual inspection, passive ohmmeter checks, and

functional performance tests. They were conducted in accordance with

existing Surveyor program procedures, using dummy terminations, circuit

isolation, and gradually increasing applied voltages, as appropriate.

Results of these tests were closely coordinated with the effort conducted

under the electrical components tests. Results of this task are discussed in

Sections 4. Z through 4. 7. Description of the chassis tested is given in

Appendices D, E, and F.
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Optical Subassembly Tests

This task consisted of the functional testing of the mirror assembly,

of the lens assembly, of the filter wheel subassembly, and of the shutter

subassembly, both before and after their removal from the TV camera, as

deemed appropriate. Included in this task were the required disassembly

operations, as well as the establishment and validation of necessary test

facilities. Electrical and mechanical functional performance tests were

conducted, and a detailed assessment of optical and other parts of these

subassemblies was carried out in close coordination with the effort under

optical components tests. The conduct and results of this task are discussed

in Section 5.

Vidicon Tests

This task pursued the examination, testing, and preliminary evalua-

tion of the TV camera vidicon, both in the assembled and disassembled

states. It was conducted in several phases. A detailed visual examination,

followed by a measurement of gas pressure inside the vidicon, and certain

functional tests were conducted prior to vidicon removal. These tests were

subsequently repeated to a somewhat greater degree of depth and detail

after removal of the vidicon. In the final phase, the vidicon was dismantled

and certain component and material level tests were conducted. The task

included extensive parallel or preparatory testing of similar non-flight

vidicons and establishment and checkout of the required testing facilities.

Work conducted under this task is described in Section 6 and Appendix G.

Electrical Components Tests

This task encompassed test of the four classes of electrical compo-

nents of the TV camera: resistors, capacitors, diodes, and transistors.

Representative samples of the various types of components in the camera

were selected, visually and functionally checked on the camera, removed,

and subjected to a carefully planned component level test program which

was closely integrated with the previously conducted electric circuit tests.

Component level testing included visual and microscopic examination,

functional measurements, and destructive/diagnostic tests of sequentially

smaller subsets of selected samples. Details of this test program are

presented in Section 7 and Appendix I-I.

Mechanical and Electromechanical Components Tests

This task comprised tests of the six types of mechanical and electro-

mechanical components present in the camera: potentiometers, two types of

stepper motors, connectors, thermal switches, deflection yoke, and

reactors. The tests included preliminary visual and passive tests, func-

tional measurements, and detailed diagnostic/destructive tests of selected

samples. In some cases, selected environmental tests were also conducted.

Details of this test program are presented in Section 8 and Appendix H.
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Optical Components Tests

This task included tests of the optical components of the TV camera

after disassembly, and logically followed the work done during tests of

optical subassemblies. Optical components tested were the camera

primary mirror, filters, and the multiple-element lens barrel subassembly.

Measurements of optical properties, as well as of potential changes in the

mechanical properties and physical characteristics, were conducted.

Results of this task are discussed in Section 9 and Appendix H.

Materials Tests

This task studied the various materials present in the TV camera

from which useful data were thought to be obtainable. The task constituted

one of the major efforts of the program.

Materials selected for study were grouped into the following

categories: orgar_ic materials (teflon, nylon, and polyimide); epoxy adhe-

sives; lubricants; seals; potting compounds and polyurethane foam;

conformal coatings; epoxy fiberglass circuit boards; interconnections and

solder joints; wires and cables; metals; paints (white organic, white

inorganic, and black organic). Tests of these materials included, as

applicable, mechanical, metallurgical, electrical, chemical, and optical

property measurements, and other measurements such as wear, traces of

possible cold welding, etc.

These tests were conducted on selected samples removed from the

camera, following completion of the subsystem and component level tests

previously described. These tests and the results obtained are described

in Section i0 and Appendix I.

Surface Contamination Studies

A special task was established to study in more detail the nature and

source of the contamination present on the exterior surfaces of the TV

camera: discolored paint of the camera shroud, contaminated polished

aluminum bottom plate, discolored external cable teflon wrap, and certain

other optical surfaces. The task was closely coordinated with a similar

task on the companion NASA contract involving surface contamination

studies of the painted and polished tubing. The conjectured contributing

factors to the discoloration and contamination of these surfaces included

deposition and imbedding of lunar dust, chemical and physical changes

induced in the paint by solar radiation, deposition of products of outgassing

from surrounding components of the Surveyor spacecraft, and such possible

prelaunch contaminants as oil deposition from thermal-vacuum ground

testing. Various techniques were examined and utilized in the attempt to

solve this problem, considered both important and difficult. The effort

was closely integrated with certain parallel investigations, conducted under

JPL technical coordination by other science investigators as part of the

science plan. Results of this work are reported in Section ii.

2-28

I

I

I
I

I

I
I

I
I

I

I
I

I
I

I
I

I

I

I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Failure Analysis

A separate task was conducted to pursue in great detail those

specific anomalies and failures uncovered in the course of the above investiga-

tions which were considered worthy of special effort. A separate failure

analysis system was established for this purpose. Discrepant or failed

parts, components, and materials were analyzed and tested to the extent

required to identify the nature of the anomaly. In cases where the cause of

the failure was definitely traceable to the effect of the lunar environment,

the exact mechanism of the failure was investigated, using a variety of

applicable diagnostic techniques. Results of this failure analysis program

are described in Section 12 and Appendix J.

Support of Science Investigations

A separate task provided the required support and assistance to the

parallel science investigation conducted under JPL coordination by many

JPL, NASA, and university scientists. This task involved a variety of

activities, such as cutting and preparation of samples, and physical and

technical assistance in performing electrical, optical, and biological tests.

Evaluation and Reporting

While preliminary evaluation of test results was conducted as part

of the effort of the individual tasks described above, the comprehensive

overall evaluation was carried out as a separate task. Included in this task

were the monthly reports, technical memoranda, and oral presentations,

as well as the preparation and compilation of the final report.

Publication of the Final Report

A separate task was defined for the actual publication of this report,

entailing final editing and efforts of the Publications Department.

The scope of the effort conducted under all of the technical tasks

included, as applicable, planning of the tasks, preparation of appropriate

detailed procedures, compilation of review of past records available from

the Surveyor program for comparison purposes, and conduct of visual and

photographic survey operations prior to initiation of testing. In addition,

individual tasks entailed a preliminary evaluation of test data, as they were

generated, to the degree required to determine the validity of the results

obtained and to warrant the continuation of planned test operations. In the

event that a definitive indication of an anomaly or of a failure was uncovered,

the failed part was removed from the scope of the respective task, and the

responsibility for further investigation transferred to the failure analysis

task.
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3. TV CAMERA TESTS IN ASSEMBLED CONFIGURATION

3. i TEST PLAN

The major elements of the TV camera test program are shown [n

Figure 3-1, which describes grossly and sequentially the principal testing

and dismantling operations. Further details of the TV camera tests are

given [n the following paragraphs and sections of this report.

The test program was conducted in three major phases, as indicated

in Figure 3-i. The first phase entailed certain tests and operations con-

ducted on the camera prior to any major disassembly. Work performed [n

this phase of the program [s described in this section. The second phase,

depicted in some detail in Figure 3-1, encompassed testing at a subsystem

level and associated dismantling operations. Work conducted [n this phase

of the program is presented in Sections 4 and 5, and part of 6. The final

phase consisted of the comprehensive test program at the components and

materials level. This work, which constituted a major portion of the pro-

gram, is discussed in detail [n Sections 7 through 10, as well as the latter

part of Section 6.

The sequence of operations shown [n Figure 3-1 involved successive

dismantling and testing steps. As already indicated, the sequence of these

operations was contingent upon, and triggered by, major decisions along

the way, coordinated with the customer. Figure 3-1 indicates these decision

points.

Phase Z operations, as depicted in Figure 3-1, constituted a simpli-

fied summary of the actual sequence of disassembly steps and tests con-

ducted. Only major dismantling operations and subassembly level tests are

indicated. Further details are presented in the respective sections of

this report. Thus, for example, the box labeled "electric tests of selected

chassis" pertains to the initial isolation and passive checkout of the ECU,

followed by isolation and passive checkout of the three selected electronic

chassis, and culminating in functional performance tests of these chassis.

Similarly, other boxes, such as "lens assembly tests" and "mirror assem-

bly tests," encompass sequences of tests of subassemblies and associated

partial dismantling.
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The simplified block diagram of the test plan in Figure 3-i must be
supplemented by noting a number of other aspects of the program. These
are not explicitly indicated on the diagram for reasons of clarity and simpli-
city. Most important of these are use of test procedures and dismantling
techniques carefully planned and approved in advance; checkout of test pro-
cedures and trial tests on spare non-flight TV cameras and subassemblies;
concurrent preliminary evaluation of test results, using the past Surveyor
data, wherever available and applicable; and certain auxiliary tests to assist
in the understanding of uncovered anomalies and to help define subsequent
operations on the retrieved camera. An example of the latter is the thermal
simulation test conducted on non-flight vidicons, as discussed in Section 6.4.4.
Advance planning and trial runs on spares were particularly important for all
irreversible operations because of the unique nature of the camera parts and
components.

Two major activities of the program are not indicated in Figure 3-i.
One of these is the surface contamination study, conducted as a coordinated
program with the companion NASA contract and science investigators, which
is described in Section ii. Inclusion of a block labeled for this task on
Figure 3-i would be somewhat superfluous. Similarly, the failure analysis
effort on such failures as were uncovered throughout the test operations
and were deemed worthy of special investigation is not explicitly shown in
Figure 3-i. This work could be described by drawing arrows from the
many blocks of the figure into a separate box entitled "failure analysis".
Results of the failure analysis test and studies are presented in Section IZ.

Finally, it should be pointed out that the external survey operations,
shown in Figure 3-1 as taking place during the initial phase, were, in fact,
conducted to the required degree of depth and detail throughout all phases

of the program. Similarly, support of the parallel efforts of the various

science investigators was provided throughout the program although not

explicitly indicated in the figure.

3. 2 MSC OPERATIONS

The first phase of the test plan described above -- tests of the TV

camera assembly as a whole -- included tests at NASA-MSC, Houston, and

initial survey operations at Hughes prior to any major disassembly. The

TV camera test plan intentionally did not include any electrical system

tests; none were conducted. This section describes the MSC operations,

which consisted of visual and photographic observations in the LRL, Houston,

and certain science investigations in the LRL and other MSC laboratories.
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3. 2. 1 Scope and Sequence of MSC Operations

The TV camera test program began with extensive advance

preparations in Los Angeles. A trial run was performed at JPL in

December 1969 on a non-flight television camera to evaluate the tools and

the techniques used. This trial run entailed the removal of the lower

shroud and conduct of the biological assay. Detailed procedures were

prepared defining each individual step of the operations with the flight

camera. Special tools and holding fixtures were provided.

Subsequently, MSC operations began at the LRL with the lifting of

the quarantine on 7 January 1970. These operations took place between

7 and 15 January 1970. They can be grouped into the following major

categories:

• Initial observations

• Initial dismantling-- removal of lower shroud

• Biological as say

• Various scientific measurements on TV camera

• Various science tests on items removed from camera

Color and IR photos of all operations and of all hardware were taken

throughout.

The detailed tinge sequence in which all operations were conducted

has been documented by NASA (References 7 and IZ). These references

also give the scope and results of some of the science investigations con-

ducted. In summary, the sequence of these operations was as follows:

I) Visual and photographic observation with camera in plastic

bag

Z) Overnight radiation counting (gamma ray spectrometry)

3) Removal of camera from bag, and visual examination and

photographic documentation

4) Removal of camera mounting collar

5) Removal of loose debris from inside of mounting collar for

semiquantitative emission spectroscopy and later evaluation

6) Installation of test support collar and mounting of camera on

test tripod

3-5



7) Removal of external lower shroud connectors

8) Biological assay of connector wrap and lower connector areas

9) Removal of lower shroud*

10) Biological assay of selected areas inside TV camera

I l) Visual and photographic observation of accessible inside

portions of camera

iZ) Replacen_ent of lower shroud (screws not reinserted)

13) IR photography and low power microscopic examination of
came ra

14) Collimated light photography of camera mirror**

15) Micrometeorite examination of camera

16) Preparation of camera for shipment

The following subsections present the significant results obtained in

operations i, 3, 4, 6, 7, 9, II, and iZ. Results obtained in the other

operations listed are presumed to be described in separate reports by the

respective science investigators.

During the LRL operations, strict cleanliness rules were observed.

The camera was placed in a laminar flow bench, sterile clothing and equip-

rnent were used, and limited personnel access was enforced. Extensive

photographs of all operations were taken, and the proceedings were recorded

on video tape. Special protective handling measures were followed. All

parts were identified, recorded, and placed in containers. This marked

the beginning of the comprehensive inventory system instituted by Hughes

for the program.

*Scribe marks were made on all screws to record their orientation on the

camera. All screws were cataloged and stored in plastic bags. It was

later realized that contact with the bags destroyed some of the evidence
of surface contamination.

**/__ter repeated at Hughes with better equipn_ent.
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3. 2. 2 Initial Observations -- Apperance of the TV Camera

Figure 3-Z _':-"shows the appearance of the camera prior to its

removal from the bag. Additional photographs taken are available in

Surveyor files (NASA photographs S-70-ZllZ7, S-70-ZIIZ8, and S-70-gliZ9).

After careful inspection of the camera through the plastic bag, the camera

underwent a gamma spectrometric analysis in the NASA Radiation Counting

Laboratory. Results of this test are summarized in References 7 and 13.

Upon return of the camera to LRL, the plastic bag was removed

in the laminar flow bench. The appearance of the camera immediately

after removal of the bag is shown in the frontispiece and Figure 3-3_':_'.

The external surfaces of the camera were discolored and contaminated,

presumably with lunar dust. The mirror was open with a view angle down

and to the right. The filter wheel was in the "clear" position.

Following is a brief summary of the results of the detailed visual

and photographic examination conducted at that time.

The camera mounting clamp, with remnants of the support struts,
was still attached to the camera. A dent was noted on the lower shroud

adjacent to one of the spacecraft support struts. This dent apparently

occurred at the time the astronauts cut the struts on the lunar surface.

Two dents in the mirror sunshade, which were probably incurred during

the landing of the returned camera in the Pacific Ocean, as discussed in

Section Z. 5, were also noted.

The four external connectors were still mated to the camera. A

section of the severed cable, approximately 7 inches long, was attached

to one of the three bottom connectors, and a longer section of approximately

15 inches was attached to the upper mirror assembly connector. A separate

section of the severed TV cable, approximately 8 inches long, was still

attached by a cable clamp to the bottom side of the camera. These cable

sections are clearly seen on Figure 3-3b.

The exterior surface discoloration appeared grayish brown. This

discoloration appeared to have been disturbed considerably by scuffing

and handling during the retrieval and return operations.

There were some unusual light and dark patterns evidenced on some

of the exterior surfaces. These patterns did not appear to correlate with

solar illumination of coating degradation. There were sharply defined

dark (shadow) areas under a wire on the mirror elevation drive mechanism

and on the lower shroud under the spacecraft camera mount support struts.

Figures 3-4 and 3-5_:_"illustrate this effect.

_:_The original photographs in the Surveyor Parts Test Program files are in

color; black and white prints of these originals are presented here. This

comment applies to many of the photographs throughout this report:
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Figure 3-2. Surveyor Ill TV Camera and I t s  Plastic Bag at  LRL (NASA Photo S-70-21126) 
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a) Side View Appearance (NASA Photo S-70-2 153) 
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Figure 3-3. Returned Surveyor I I I TV Camera 
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Figure 3-4. Area Under Support Collar Immediately Upon Its Removal in LRL (NASA Photo S-70-21138) 

3-10 
I 
1 



t 
I 
1 
I 
1 
I 
I 
I 
1 
I 
1 
I 
I 
1 
1 
I 
I 
I 
I 

Figure 3-5. Mirror Elevation Drive Mechanism (NASA Photo S-70-21149) 
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The mirror was diffuse but appeared less contaminated than evidenced

from the photographs taken on the moon. Inspection of the finger swipe on

the mirror made by one of the astronauts while on the lunar surface, running

lengthwise from the outer edge of the mirror toward its center, appeared

to indicate more than one layer of contamination at this point on the mirror.

In addition_ a small cleaner area was noted at the side of the swipe, near

the top, presumably caused by handling.

The interior of the mirror assembly, which also contains the filter

wheel, was contaminated with what appeared to be lunar soil. The clear

filter over the lens appeared diffuse. Some spot ties holding the inter-

connecting wiring inside the mirror were discolored.

The aluminized teflon wrap around the external connectors and

harness had a dull or milky appearance. The tie spots holding the aluminized

teflon wrap were discolored a dark brown, as expected. The tie knots, which

had been bonded with epoxy, were particularly dark.

The exposed ends of the severed interconnecting wire appeared to be

uniform, with no apparent degradation. No damage to the insulation or wire

was noted.

The nylon braid covering the severed mirror cable harness appeared

discolored, but the texture of the material did not appear degraded. No

evidence of apparent degradation reported by the astronauts was noted.

3. Z. 3 Removal of Lower Shroud and Biological Assay

Removal of the lower shroud was conducted in accordance with

procedures developed during practice at JPL on the spare camera. The

shroud was removed for the purpose of, and in conjunction with, the

biological assay. The sequence of steps was as follows:

i) Removal of mounting collar

z) Installation of test support collar and mounting of camera on

test tripod

3) Removal of mating connectors and harness sections

4) Removal of lower shroud mounting hardware and connector

bracket

5) Initial biological assay of external protective areas

6) Removal of lower shroud

7) Final (internal) biological assay
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Calibrated torque screwdrivers with a follow-up indicator gauge

were used to remove the mounting hardware, and a tool gauge was utilized

to measure the force required to unmate the external connectors. The

tools and techniques employed [n the removal of the connectors are illustrated

in Figures 3-6 and 3-7. The values of all torques and forces were recorded.

The camera mounting collar, which was removed first, is shown

in Figures 3-8 and 3-9':-'. The torques required to remove the four mounting

screws which connect the two sections of this collar, thereby holding it

tightly around the TV camera, ranged from 7.5 to 16 [n-lb, compared with

the original requirements of 14 to 16 in-lb. The first screw had the highest

torque, as expected.

Dust and debris were noted under the support collar after its

removal, and samples were collected for emission spectroscopy [n NASA

laboratories at Houston, and for later analysis. There was no evidence of
anyktnd of adhesion in the interface of the collar-to-shroud, metal-to-metal
contact.

The external connectors on the lower shroud, which were unmated

next, are shown in Figure 3-10_: -'. These connectors employ a snap-on

lock mechanism, and the force required to unmate them, ranging from
10 to 21-1/2 pounds, compares to the original requirement of less than

25 pounds.

Figures 3-10 and 3-11":-" show the connector mounting hardware

consisting of a lock washer and retainer nut, and the connector bracket

for cable support, sandwiched between the connecting mounting hardware
and the shroud. These connector retainer nuts were removed next. The

recorded removal torques ranged from 24- 1/2 to 37- 1/Z in-lb compared

with the original requirement of 48 to 64 in-lb. The connector bracket was

then lifted off, as illustrated in Figure 3-12.

An initial biological assay was made during these operations.

Biological samples were taken by NASA and JPL personnel by swabbing

the a_reas under the mounting bracket, around the connectors, and the

inner surfaces through the connector hole, as shown in Figures 3-1Z and

3-13. In addition, samples were taken from inside the connector wrap.

_:_Origtnals in color.
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Figure 3-6. Removal of External Lower Shroud Connector (Photo 21 1-3999B) 

Figure 3-7. Removal of External Shroud Connector Retainer Nut (Photo 21 1-40008) 
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Figure 3-8. Camera Mounting Collar - Left Section With Remnants of Support Struts (NASA Photo S-70-21157) 

Figure 3-9. Camera Support Collar - Right Section (NASA Photo S-70-21139) 
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Figure 3-10. External Connectors on Lower Shroud (NASA Photo S-70-21146) 
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Figure 3-1 1. Lower Shroud After Removal of  External Connectors (NASA Photo S-70-21142) 

Figure 3-12. Removal of Connector Cable Support Bracket and Biological Assay 
(Photo 21 1-4001B) 



a) Connector Surface (Photo 21 1-3998B) 

b) Inside Surface of Shroud (Photo 21 1-39976) 

Figure 3-13. Biological Assay 
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TABLE 3-i. REMOVAL TORQUES OF LOWER

MOUNTING HARDWARE

Screw Measured Torque,

Numbe r in- ib

1 7.75

Z 6. Z5

3 6.5

4 7. Z5

5 i0. Z5

6 8. Z5

7 6.75

8 8.75

9 7.0

10 10.0

iI 9.0

12 8.0

Screw Measured Torque,
Number [n-[b

13 9.0

14" 7.75

15 7.75

16 8.0

17 9.0

18 8. Z5

19 8.5

20 8.75

21 8.0

2Z 8.5

23 9.5

24* 4. 0

Original Requirements

NAS 4

NAS 6

3.5 to 6 in-lb

7 to 9 [n-lb

*These two screws are NAS 4; all others are NAS 6.

The lower shroud [s attached to the camera by 24 screws, of which

Z4 are NAS 6 and two are NAS 4. These screws were removed next. The

recorded torque values are shown [n Table 3-I.

In order to remove the lower shroud, the loosened connectors had

to be pushed through the holes [n the shroud. Difficulty was encountered

with the right connector (JZ). The external shell of this connector was

firmly attached (binding or possible cold weld) to the inner rim of the hole

[n the shroud. Only after application of some force was this attachment

severed. The surfaces in contact were carefully preserved for investiga-

tion for possible cold welding. No other difficulties were encountered in

removal of the mounting hardware, and the lower shroud was successfully
lifted off the camera.

Biological samples were then taken -- Z7 in all- of the interior of

the camera. Swabs were made of the exposed electronic chassis and of

the wiring harness without disturbing the wiring or the components. Also,

small pieces of foam and epoxy were removed, as shown in Figure 3-14.

Details of this operation are presented in Reference 7 and in the reports

of the science investigators.

Numerous photographs were taken of the exposed electronics of

the TV camera after the removal of the lower shroud. The general

appearance of the exposed chassis is indicated in Figure 3-15". Many

additional photographs are available in the Surveyor files, in particular,

NASA photographs S-70-ZI131, S-70-2113Z, and S-70-21133.

*Original in color.
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Figure 3-14. Biological Assay - Removal of Piece of Foam From TV Electronics 
(Photo 21 1-3998A) 

The g e n e r a l  conclusion upon completion of the shroud r e m o v a l  
opera t ions  was  that all connector  and shroud mounting h a r d w a r e  torques  
w e r e  nominal a n d  that no evidence of cold welding ex is ted  anywhere,  with 
the poss ib le  exception of the at tachment  of the r ight  connector e x t e r n a l  
she l l  to the shroud, a s  noted above. The c a m e r a  e lec t ronics  a p p e a r e d  to 
be in  excel lent  condition. 
No evidence of any adhesion of in te r faces  was  noted. 

The  s ta in less  safety w i r e s  a p p e a r e d  h a r d  to cut. 

3. 2.4 S u m m a r y  of T e s t s  After Shroud Removal  

Visual examinat ion and photographic documentation of the exposed 

T h e  lower  shroud was rep laced  on the c a m e r a  with 
i n t e r i o r  of the c a m e r a  w e r e  performed.  
m a t e r i a l s  was  noted. 
s i x  s p a r e  s c r e w s .  
shroud in  place.  

No  breakage  o r  degradat ion of 

T h e s e  w e r e  not t ightened but m e r e l y  used  to  hold the 
T h e  connector  bracket  was  not re instal led.  

During the per iod  9 through 1 5  J a n u a r y  1970, a number  of t e s t s  w e r e  
conducted, a s  ment ioned previously. 
photography of e x t e r n a l  sur faces .  
( F i g u r e  3-16) .  
light photography. 
and  these  t e s t s  w e r e  l a t e r  repeated in  the Hughes Surveyor  facility. 

The f i r s t  of t h e s e  was  i n f r a r e d  (IR) 
One of these  IR photographs i s  shown 

Resul t s  w e r e  poor because of equipment l imitat ions,  
The  next t e s t  w a s  an a t tempt  to conduct col l imated 

A 

3-20 



Figure 3-15. Exposed Lower Portion of TV Camera Upon Removal of Lower Shroud (NASA Photo S-70-21130) 
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Figure 3-16. Infrared Photograph of TV Camera (NASA Photo S-70-21584) 
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low power microscope examination was then conducted to search for evidence

of meteoroid impact. Results of these tests are presumed to be reported

sepa rat ely.

3. 3 SHIPMENT TO HUGHES

Upon completion of the MSC operations, the TV camera was packaged

and transported to the special Surveyor Parts Test Facility at Hughes.

The lower shroud was secured for shipment, as noted above. Pro-

tective covers were placed over the lower shroud front connectors, and the

entire camera was wrapped with teflon FEP. Figure 3-17_':-_shows the

appearance of the camera just before shipment. The camera was placed in

a special shipping container available from the Surveyor program, as shown

in Figure 3-18_':-_. The hardware removed from the camera was placed in a

separate shipping container.

The camera and its associated hardware, together with other

retrieved Surveyor Ill parts studied on the companion NASA contract, were

shipped to Hughes on 16 January on a Hughes airplane, under a personal

escort of NASA, JPL, and Hughes personnel, dispatched to Houston for

this purpose. The aircraft landed at the Hughes airstrip in Culver City in

heavy rain, but all parts were wellprotected. The parts were transported

from the aircraft to the test facility in a Hughes car, a distance of several

hundred feet. All hardware transported from Houston to Hughes was care-

fully documented. The arrival and transportation at Hughes, as well as

removal of the TV camera from its carrying case inside the facility, were

documented by photographs and movies. The camera was removed from

the carrying case and placed on the test tripod in the laminar flow bench.

3.4 SURVEY OPERATIONS

The first phase of the Surveyor Test Program at Hughes, prior to

any major dismantling, consisted of survey operations. This included

visual, microscopic, and optical measurements of the external, readily

accessible surfaces of the TV camera. As dismantling operations pro-

gressed, these survey operations were continued on the various surfaces.

This section summarizes the findings of these operations.

The surfaces examined included painted surfaces -- organic white,

inorganic white, and organic black; polished aluminum; teflon TFE and

aluminized teflon FEP; mirrors and filters; glass fiberboard; nylon tie

cords; exposed wires; and conformal coatings. The microscopic examination

::_Originals in color.

3-23



Figure 3-17. TV Camera Wrapped for Shipment to Hughes (NASA Photo S-70-22654) 

s 

*. 

Figure 3-18. TV Camera Placed in Carrying Case (NASA Photo S-70-22667) 
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was conducted with a Zeiss microscope with a ZOO mm objective at 6 to 40X.

Some of the areas examined as part of the external survey operations can be

seen in the frontispiece to this report, as well as in Figure 3-3.

The survey operations constituted the first step in the effort to

determine the apparent effects of the lunar environment and to relate these

effects to other sources of degradation, such as the sun, the Apollo lunar

module descent engine, and the Surveyor spacecraft itself (engines, landing,

outgasslng, etc. ). This initial examination was to serve as a starting point

for subsequent more detailed investigations prior to any dismantling or

destruction which might result in some loss of original evidence.

3.4. I Inorganic White Paint

Most of the exterior surfaces of the TV camera were coated with a

white inorganic paint developed by Hughes for the Surveyor program. It is

essentially an aluminum silicate (calcined china clay) pigment in a potassium

silicate binder. The coating was applied to a thickness of 6 to 8 mils on a

substrate that consisted for the most part of 6061-T4 aluminum alloy. All

visual and microscopic examinations were performed on a laminar flow

bench. At no time was the TV camera physically handled.

The most obvious change in appearance was the color. This change

was noticed by the astronauts during retrieval operations when they described

the surfaces as being a tan color. Actually, there was a range of colors

noticed, including tan, gray, brown, and yellow. Some of these color vari-

ations are visible on the sunshade and on the connector bracket, which are

shown after disassembly in Figure 3-19".% The circular areas on the bracket

that appear white were shielded from direct lunar exposure by connector

hardware. In general, where the paint surface was protected by brackets

and screw heads, the color was still white ;:-_-',-_.Microscopic examination of
these areas at 40X indicated little difference between the various colored

areas. All areas had a fairly even distribution of dark particles that are

presumably lunar material. There were some large areas that hada patchy

appearance which was lighter in color than the surrounding areas. This is

attributed to handling by the astronauts. Small areas that had been touched

up prior to launch by sanding the damaged surface of the paint appeared to be
much whiter.

All of the exterior white painted surfaces were affected to some

extent by "mud-cracking" or "alligatoring. " Figure 3-20 shows one side

_:-_Original in color.

_':_;:-_Thesewere the only remaining white areas.
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Figure 3-19. Color Variations on Sunshade and Connector Bracket (Photo 70-5166) 

of the lower  shroud that was  heavily affected.  In those a r e a s  of the shroud 
that w e r e  protected,  such a s  under  the s c r e w  heads ,  mud-cracking did not 
take place.  
F i g u r e  3-21;:: shows a n  a r e a  on the lower shroud that w a s  heavily mud- 
c racked ,  except for  that a r e a  covered by the s c r e w  head. However, the 
ad jacent  a r e a  to the r ight  in F i g u r e  3-21;: did not show evidence of 
mud-  c racking. 

Other  exposed a r e a s  seemed to be f r e e  of mud-cracking. 

Severa l  a r e a s  had the appearance of shadows impr in ted  into the 
white paint. 
a rea  with distinct,  very  s h a r p  boundaries. Under m i c r o s c o p i c  examination, 
t h e s e  d a r k  a r e a s  a p p e a r e d  to have a g r e a t e r  concentrat ion of dust  par t ic les .  
It w a s  noticed that, for  each shadow, t h e r e  was  a corresponding object in 
the n e a r  vicinity. When viewed at the p r o p e r  angle,  the edges of this object 
would line up with the boundary line of the shadow. 
r e s p e c t  to  the TV c a m e r a ,  n e c e s s a r y  to line up the object and the shadow, 
w a s  the s a m e  f o r  a l l  shadow pat terns ,  indicating that the s o u r c e  of the 
shadow effect had i t s  or igin a t  a singie poinl. 
a r e a s  a round the m i r r o r  elevation dr ive m o t o r  that had been affected. The 
shadow on the m o t o r  c a s e  was  originally l ined up with the cable,  which h a s  
been  moved a s i d e  in  th i s  photograph. 

T h e s e  shadows w e r e  charac te r ized  by a relat ively dark  g r a y  

T h e  viewing angle with 

F i g u r e  3-22 shows s e v e r a l  

:::This impact  was  previously reported by B. C o u r - P a l a i s  a t  MSC. 
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Figure 3-20. Evidence of "Mud Cracking" on Lower Shroud (Photo 4R14276) 
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Figure 3-21. Variations in "Mud Cracking" on 
Lower Shroud Area (Photo M917861) 

Scrapes  and chipping w e r e  noted in s o m e  a r e a s ,  but these  w e r e  
probably the resul t  of handling on the moon and during the t r a n s i t  back to 
e a r t h  and  af ter  recovery.  One suspec ted  m i c r o m e t e r o i d  impact  a r e a  w a s  
detected visually and had a c r a t e r  d i a m e t e r  of a b u t  0. 005 inch::. The fac t  
that only one visible m i c r o m e t e r o i d  impact  was  detected w a s  surpr i s ing .  
A uniform eros ion  of the paint f r o m  a l a r g e r  amount  of m i c r o m e t e r o i d  flux 
w a s  expected. 

3.4. 2 Oreanic White and  Black Pa in ts  

A white organic-based  paint was  appl ied o v e r  thin a luminum foil  on 
the  back of the m i r r o r .  
pigment in a n  alkyd r e s i n  binder. 
changes except f o r  a slight loss of ref lectance.  
w a s  shielded f rom the d i r e c t  r a y s  of the sun a n d  f r o m  lunar  m a t e r i a l  by the 
sun  shade. It was  a l s o  noticed that the paint w a s  c r a c k e d  in  s e v e r a l  a r e a s .  
Some of the discoloration m a y  have been the r e s u l t  of outgassing of the 
black organic  paint in the m i r r o r  hood d i rec t ly  facing the back of the 
m i r r o r .  

It w a s  a 3M velvet paint containing t i tanium dioxide 
The  paint exper ienced  no m a j o r  color  

T h e  back of the m i r r o r  

A black organic-based  paint was u s e d  inside the m i r r o r  a s s e m b l y  
T h i s  was  a l s o  a 3 M  velvet paint containing 

T h i s  m a y  be the r e s u l t  of coating of the s u r f a c e  by 

as  a n  ant i ref lectance coating. 
carbon pigment in a n  alkyd r e s i n  binder. 
this  paint was noted. 
l u n a r  m a t e r i a l  o r  caused  by bleaching f r o m  the sun. 
w e r e  noted. 

A sl ight  lightening in co lor  of 

No o ther  effects  
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Figure 3-22. "Sandblasting" and Erosion on Elevation Drive Motor Housing (Photo 00545-31) 
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Figure 3-23. Aluminized Teflon FEP and Nylon on Mirror Housing Connector (Photo 70-5169) 
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3.4.3 Wires, Cables, and Electronics

The optical survey included examination of the exposed nylon tie

cord used to secure the cable wrap, of the glass fiber braid insulation

of the TV cable, of exposed wires within the mirror assembly, and of

conformal coatings used on circuit boards.

The nylon cord seen in Figure 3-23* had the expected yellowish

color, which, under microscopic examination, appeared to be only on the

top surface of each individual strand. The color changes to a dark brown

in the vicinity of the epoxy adhesive used to secure knots in the tie cord,

indicating that some of the discoloration may be the result of the epoxy

wicking along the cord and discoloring. The epoxy itself was dark brown.

Physically, the nylon was in good condition; no adverse effects of the lunar

exposure were noted.

The cable going from the mirror housing to the lower shroud was

insulated with a glass fiber braid. The cable can be seen in the frontispiece

and in detail in Figure 3-Z4_:_. This cable was heavily discolored in the

area exposed directly to the external lunar environment, but was generally

clean and white where protected by the teflon wrap. As with the nylon, the

discoloration appeared to be only on the top surface of each strand when

examined m[c roscopically.

V_ithin the mirror assembly, several insulated wires were in a

position where they would be directly exposed to the sun. The insulation

included multicolored teflon insulation, polyimide-coated teflon FEP

insulation, and teflon TFE sleeving. In no case was there any evidence

of lunar-induced effects, except for a slight dull appearance, probably
due to a thin coating of lunar material.

The circuit boards were coated with an epoxy resin conformal

coating. Numerous cracks were apparent in the coating, particularly

where there appeared to be a heavy buildup of the coating. Some of these

cracks appeared to extend into individual components, cracking the casings

of the components. Further discussion of this effect is presented in

Section i0. 3. 3. It should be noted that cracking of conformal coating was

frequency observed after thermal-vacuum testing and generally did not

cause any component failures.

_:_Or[ginal in color.
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Figure 3-24. Glass Fiber Cable Insulation (Photo 70-5499) 
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3.4.4 Aluminized Teflon FEP and Teflon TFE

Aluminized teflon FEP, teflon side out, was used as a radiative

ten_perature control coating on the mirror housing connector, as well as

on cables (Figure 3-Z3). The surface exposed to the lunar environment

exhibited color changes and was dust-coated. The aluminum coating on

the inside was faulty. On areas of the teflon that were overwrapped,

no visual color change was noted.

The horseshoe-shaped area on the mirror housing directly below

the mirror, as seen in the frontispiece*, was intended as a seal when

the mirror is in a closed position. It consisted of Z rail thick teflon TFE

bonded down with an epoxy adhesive. Figure 3-25* shows this area in

detail. The teflon had turned a dark brown from its original white color

and had turned up along the edges in some areas. No cracking was seen

on the surface. The discoloration is believed to be attributable to the epoxy

bonding. Absence of teflon in several places in Figure 3-Z5 was caused by

removal of samples later in the program for special tests and science

investigations.

Teflon TFE was also employed in the skirt, which is on the surface

about which the mirror assembly rotates when stepped in azimuth. This

area is visible in the frontispiece, and is shown in more detail in Figure 3-Z6".

Approximately one-half of the TFE teflon was bonded down. Discoloration

was noted but not to the same extent as on the mirror housing. On the side

of the camera facing the lunar module, the teflon was tucked under, allowing

lunar material to enter. The teflon was also partially curled up along the

edge. A more detailed investigation was instituted as part of the failure

analysis task; additional data on this discolored and curled-up teflon TFE

are presented in Section IZ.

3.4. 5 Polished Aluminum Mirrors and Filters

Two areas of the camera body were polished for purposes of

radiative temperature control: the bottom of the lower shroud and the lower

side of the v[dicon radiator just above the lower shroud. Both of these

areas faced the lunar surface and had a dull appearance caused by complete

coating with lunar dust. No other effects of the lunar environment were

observed. However, fingerprints made by the astronauts while on the lunar

surface were noticed in both areas.

The azimuth mirror can be seen in the frontispiece. The mark at

the top was made on the moon by one of the astronauts with his finger.

*Originals in color.
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Figure 3-25. Teflon TFE on Mirror Assembly (Photo 70-5640) 
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I Figure 3-26. Teflon TFE Skirt Seal (Photo 70-4430) 
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a) One Set of Surface Lighting Conditions (Photo 70-4991) 

b) Different Set of Surface Lighting Conditions 
(Photo 325-817BC) 

Figure 3-27. Color Variation and Banding on TV Mirror 
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The mirror was heavily dust-coated and had a definite band pattern. The

color differences and the band patterns were photographed; Figure 3-27

presents black and white replicas of the original color photographs which

reveal these color differences and patterns in more detail. The two photo-

graphs shown were taken with different lightings; different optical effects

are emphasized, clearly substantiating the importance of viewing angle

and of lighting.

Further detail on the discoloration of the TV mirror is given in

Section 9. Additional tests were conducted subsequently by science

investigators and are presumed to be discussed separately.

Examination of the filters in the filter wheel assembly also revealed

a coating of lunar dust. The filters were subsequently transmitted to JPL,

as directed, for science tests. No further testing of the filters was conducted

by Hughes.
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4. ELECTRIC CIRCUIT TESTS AND DISMANTLING OF

MAJOR SUBASSEMBLIES

4. 1 INITIAL DISMANTLING

Phase Z operations - tests at subsystem levels -- commenced with

the completion of initial survey operations and entailed progressive dis-

assembly and tests of major units of the TV camera, as shown in Figure 3-i

(Section 3). The tests of electric chassis are presented in this section.

The first step consisted of certain preliminary dismantling opera-

tions. To gain access to the interior of the camera, it was necessary to

remove the upper mirror assembly, as well as the ring gear and th'e upper

shroud. Figure 2-3 (Section 2) shows the appearance of the TV camera

after these initial dismantling operations. The decision to remove the

mirror assembly was justified by the fact that functional testing of the

entire TV camera was not planned. The mirror assembly is a separate unit

which could be tested on a spare television camera. Also, the functioning

of the mirror stepping electronics of the flight camera could be checked out

with a spare mirror assembly unit, if required.

Following certain optical measurements of the mirror, discussed in

Section 9, the mirror assembly and ring gear were removed. The mirror

assembly azimuth gear train rotates on a ring gear installed in the camera
before the mirror. In the mated condition, the mirror hub fits down over

the lens support structure barrel below. The gear relationship between the

mirror assembly gear train and the ring gear in the mated condition is

maintained by means of a retainer ring which slides along a grooved slot

cut into the lens support structure barrel. This retainer ring keeps the

mirror hub from sliding out and off the lens support structure.

To remove the retainer ring, one end of it must be properly posi-

tioned directly in front. This is accomplished by stepping the mirror

assembly in azimuth to the desired position. Fortunately, the returned

camera was in the proper orientation so that no stepping was necessary.

Therefore, the retainer ring was easily removed, and the mirror assembly

was lifted from the camera by grasping it at each end of the housing, free of

the ring gear. Both the retainer ring and the grooved slot of the lens

support structure have lubricated surfaces.

The ring gear (Figure 4-i):1% comprising a main gear and an anti-

backlash gear, was removed next. It is attached to the camera by eight

mounting screws that mate to the lens support structure housing. Sand-

wiched between the ring gear and the lens support structure is the front

flange of the upper shroud; thus, the ring gear must be lifted before the

::"Original in color.
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Figure 4-1. Azimuth Drive Ring Gear Assembly (Photo 70-4434) 

The mounting s c r e w s  w e r e  removed with a torque  s c r e w d r i v e r ,  with 
a follow-up indicator  gauge t o  m e a s u r e  the r e m o v a l  to rques .  
r equ i r ed  t o  r emove  these  eight  mounting s c r e w s  w e r e  m e a s u r e d  and ranged 
f r o m  8 t o  11. 8 in- lb ,  compared  with the or ig ina l  r e q u i r e m e n t  of 10 t o  
12 in- lb;  thus ,  the r e s u l t s  w e r e  nominal, a s  prev ious ly  demons t r a t ed  at  
L R L .  

The to rques  

The lower  shroud,  which had been r emoved  in the L R L  and then 
r e ins t a l l ed  f o r  shipment with 6 of the 2 4  mounting s c r e w s ,  was  again 
removed.  

Removal  of the upper  shroud w a s  then c a r r i e d  out. After  r emova l  of 
the  r ing  g e a r ,  th i s  r equ i r ed  the removal  of e ight  s c r e w s  at taching the upper  
sh roud  to  the c a m e r a ' s  m a i n  deck s t ruc tu re .  

The t o r q u e s  r equ i r ed  to  remove these  eight mounting s c r e w s ,  as  
m e a s u r e d  with the torque  s c r e w d r i v e r ,  ranged f r o m  7 to  8 in- lb ,  compared  
with the  or ig ina l  r e q u i r e m e n t  of 1 0  t o  1 2  in- lb;  thus ,  the r e s u l t s  w e r e  
nominal .  
showing the flange under  the r ing gear  and the holes  f o r  some of the mount- 
ing s c r e w s .  

F i g u r e  4 - 2  is a photograph of the upper  shroud a f t e r  removal ,  

4 - 2  
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Figure 4-2. Bottom View of Upper Shroud of Camera (Photo 4R14061) 

The removed m i r r o r  a s s e m b l y  of the Surveyor  I11 c a m e r a  was then 
ins ta l led  as  a unit  on a s p a r e  c a m e r a  and a n  ove ra l l  opt ical  t r a n s m i s s i o n  
test  w a s  conducted t o  eva lua te  possible  changes in video response .  This  
test w a s  run  in the  Hughes Surveyor Labora to ry  by sc i ence  inves t iga tors  
with Hughes support .  
p r e s u m e d  t o  be r epor t ed  separa te ly .  

The test is  descr ibed  br ie f ly  in Section 9 and is 

4.2 OBJECTIVES AND SCOPE O F  ELECTRIC CIRCUIT TESTS 

As noted e a r l i e r ,  it w a s  not planned t o  ope ra t e  the TV c a m e r a  a s  a 
whole,  because  of uncertainty of i ts  operabi l i ty ,  concern  ove r  des t ruc t ion  
of ev idence ,  and absence  of the r equ i r emen t  t o  d e t e r m i n e  whether  it w a s  
still operable .  The re fo re ,  as  d iscussed  i n  Section 2. 6. 1, no s y s t e m  t e s t  
w a s  conducted. 
e l ec t ron ic  s u b s y s t e m s  of the c a m e r a ,  tha t  is, s e v e r a l  c h a s s i s ,  K-hich a r e  
se l f -conta ined  except  fo r  input power and te rmina t ion .  

However,  it w a s  decided to  functionally check out se lec ted  

The object ives  of the e l ec t r i ca l  t e s t s  of the se lec ted  c h a s s i s  w e r e  to  
obtain a g r o s s  indication of the s ta te  of e l ec t ron ic s ,  t o  ver i fy  packaging and 
a s s e m b l y ,  t o  evaluate  the per formance  of a t  l e a s t  s o m e  of the c i r c u i t s  and 

f o r  se lec t ion  of components for  subsequent  detailed testing. 
Cnm-9 -0  C l 7 n - t ;  nn2 1 n3 v = m p f p  v c  ~,s,rith nppx,rici" & t i .  2 n d  t o  e s rab l i sh  ;1 ha  r-------& - r L""'yuI L, I U I A L . * " l l u L  
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The circuit test program was closely coordinated with the electrical
components test plan. A detailed list was prepared of all the electrical
components and their location on the various chassis. Components of
special interest or those components which were only present in a few
places were identified, and a priority list was generated in coordination
with the customer. Using this list of components, annotated with com-
ponent priorities and location on the chassis, the final selection of chassis
to be tested was made on the basis of the following criteria:

l) Presence of sufficiently large numbers of components of

interest to warrant testing of the chassis

2) Insurance that similar components were present elsewhere so

that no critical components were unique to the chassis tested in
case of an inadvertent stress

3) ]Ease of performing the electric chassis test, i.e. , accessibility

and ease of isolation, powering, and dummy terminations

The scope of the electric chassis tests can be defined by the sequence

of steps carried out for each chassis selected for electric circuit functional

and performance testing:

i) Detailed test procedures were prepared in advance and

coordinated with the customer.

2) Preliminary tests were conducted on a spare T¥ camera closely

following the agreed-upon procedure, and all results were
recorded.

3) A detailed visual and microscopic examination was conducted of

the accessible components of the chassis to screen out obvious
anomalie s.

4) Passive ohmmeter checks were made on critical elements to the

maximum extent feasible.

5)

6)

7)

The chassis was isolated by clipping critical input and output

leads without affecting its electronic integrity.

Appropriate dummy load terminations were applied.

]External power was applied gradually to the input terminals

while monitoring appropriate electrical outputs.

4-4
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8) Upon ascertaining the validity of the test, a complete

measurement of functional parameters was conducted in

accordance with established Surveyor test procedures.

9) Results of functional performance tests were compared with

available data and evaluated. Data used for comparison

included: Surveyor flight acceptance test documents, previous

test data for the chassis available at Hughes engineering and

developmental test and design data, and results of tests con-

ducted on the spare TV camera (item 2 above).

lO) Those circuits which exhibited discrepancies or failures were

subjected to a detailed failure analysis.

il)

12)

In selected instances, failed components were replaced and

chassis functional tests were conducted.

Based on results of evaluation of electric circuit test data,

special instructions were generated for subsequent tests at the

component level.

13) The electronic chassis was removed from the camera and

further dismantled.

14) Selected components and materials were removed from the

chassis for subsequent tests at the component and materials
level.

The remaining chassis were not tested functionally. Their tests

consisted of carrying out steps 1 through 4, and 12 through 14.

4. 3 SELECTION OF CHASSIS FOR FUNCTIONAL PERFORMANCE TESTS

The T¥ camera contains eight chassis that are relatively independent

functionally, both mechanically and in terms of electrical operation. These
are listed below:

1) Chassis A-l: Lens Control Timing Circuits --Provides

timing logic for filter, focal length, focus, and iris functions.

2) Chassis A-2: Lens Control Control Drive Circuits --Provides

logic and power for driving lens and filter wheel drive motors.

3) Chassis A-3: 200 Line Sweep Circuit --Generates sweep and

timing signals required for vidicon operation and video readout.
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Figure 4-3. Typical Cordwood Module - TV Camera Electronics (Photo R87089) 
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4)

6)

Chassis A-4: 600 Line (Primary Mode) Sweep Circuit -

Generates sweep and timing signals required for vidicon opera-
tion and video readout.

Chassis A-5: Video Amplifier and Logic Circuits, Vidicon

Thermal Control --Generates and controls composite video

output and provides thermal control of vidicon faceplate.

Chassis A-6: Shutter and Mirror Logic, Electronic and Vidicon

Temperature Readout, and Lens Control Pulse Generators --

Provides shutter and mirror control and drive logic, and frame

ID readout of electronics and vidicon faceplate temperature. It

also generates timing pulses for lens control function.

7) Chassis A-10: Star Mode Chassis --Provides output for blank-

ing the vidicon for low light level time exposures.

8} Electronic Conversion Unit -Provides required dc voltages

for operating camera.

It is useful to summarize the construction of the chassis boards.

The sandwich chassis comprises a core of 0. 125 inch thick rigid polyure-

thane foam, a photochemically treated plate of 2024-T4 aluminum 0. 015-inch

thick, and an epoxy-glass circuit board 0. 032 inch thick. The three mem-

bers are bonded together with a modified epoxy-polyamide resin. This

resin is also used as a high performance coating for etched circuit boards.

Large components, cordwood modules, and heat dissipating com-

ponents are generally mounted on the metal plate side; small components
are mounted on the etched circuit board side. Electrical connection to the

plate side components is obtained by passing component leads through holes

in the plate and foam core, and by soldering them to terminals which extend

from the etched circuit board through holes in the foam core and plate.

Components on the board side are secured by an epoxy-polyamide conformal

coating. The coating also serves in its usual capacity to seal the circuitry

against environmental stresses during storage and operation. The com-

ponents on the plate side are also secured with the epoxy-polyamide resin

to which has been added colloidal silica to increase its viscosity and allow

application as a paste. This provides for sufficient adhesion to hold the

component rigidly during any mechanical or structural stress.

A typical cordwood module is shown in Figure 4-3. The cordwood

construction was utilized for units with severe volume limitations, where

the module component density was greater than 30 parts/cubic inch. Below

this density, an open-form board assembly is lighter.

The etched circuit boards are 0. 011 inch thick and contain double-

sided circuitry with plated-through holes. Circuitry is redundant wherever
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possible. Board-to-board feedthroughs are accomplished with 0. 025 inch
diameter bus wire. Module leads are formed from discrete 0. 015 inch
diameter gold-plated Dumet wire. To eliminate problems caused by shock
and vibration, an epoxy-polyamide resin conformal coating is applied to the
module. This consists of a thin layer of resin over all parts within the
module, a web of resin between adjacent components, and a resin fillet
between the etched circuit board and component bodies, and leads in contact
with the etched boards. Also, as part of the conforma[ coating process, a
0. 010 inch epoxy-glass laminate insulator is bonded to the bottom of the

module to provide positive insulation over the solder balls, as well as a

flat mounting surface for the module.

In line with the criteria discussed in Section 4.2, Chassis A-4,

A-5, and A-6 were selected for functional performance testing. All three

chassis had a significant number of components, and all critical components

on the prepared priority list were also available in one or more of the

remaining chassis. Past data were available for comparison. Also, all

three chassis were reasonably accessible, provided they were tested and

removed in sequence. Chassis A-4 was selected in preference to Chassis

A-3 because 600 lines was the primary mode of camera operation. Thus,

this chassis could be used later for checking out vidicon performance

parameters in the preferred mode should this test be desired and results

could be directly compared with preflight data.

A summary of tests performed on these chassis and results

obtained is presented in the following sections. A detailed description of

the three chassis is given in Appendices D, E, and F, respectively.

4.4 TEST EQUIPMENT CHECKOUT AND PRELIMINARY TESTS

Prior to conduct of the functional chassis tests, preliminary and

precautionary tests were conducted. These included passive tests of the

flight camera, compilation and checkout of the electronic test equipment

required, and functional performance tests of similar chassis from a spare

camera, using the prepared test procedures.

In accordance with standard Surveyor TV camera procedures, the

first step in examining the flight camera was to rotate the ECU so that the

output terminals were exposed. Passive resistance checks of the ECU

output terminals were conducted to determine whether any of the critical

tantalum capacitors in the ECU has shorted in the lunar low temperature

environment. Discovery at this point of the test program that significant

failures had occurred would have mitigated against the performance of

electrical functional tests because of possible catastrophic circuit failures

upon application of power and resultant destruction of evidence.
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Having ascertained that the ECU appeared to be in good condition,

the ECU, vidicon tube, and chassis A-4, A-5, and A-6 were then isolated

from each other and from the remaining camera electronics by cutting the

appropriate interconnecting wires. This allowed each chassis to be

properly terminated with dummy loads and separately powered from an
external source.

The test equipment used in the performance of electrical chassis

tests included standard commercial equipment, TV camera test position

available from the Surveyor program, supporting Surveyor TV camera

checkout equipment, and special tools. A more complete description of

this equipment and of the calibration and checkout functions conducted is

given in Appendix C. This equipment was compiled and successfully

checked out at Hughes on a spare Surveyor TV camera before the arrival of

the Surveyor III TV camera. This equipment was then used to conduct an

operational performance check of the spare TV camera and the functional

performance tests of the selected flight camera chassis.

4. 5 FUNCTIONAL PERFORMANCE TESTS OF CHASSIS A-4

Chassis A-4 contained the sweep, blanking, and synchronization

circuits required for the operation of the vidicon in the primary 600-1ine

mode of operation. These circuits provide the following signals for camera

operation:

i) Vertical and horizontal sweep signals for magnetic deflection
of vidicon tube electron beam

z) Vertical and horizontal blanking pulses for blanking camera

vidicon and test position TV monitor

3) Horizontal synchronization pulses for synchronizing horizontal

sweep rate of monitor to that of camera

4) Vertical and horizontal retrace reference pulses for tinge

reference in video logic and video summing circuits of
chassis A-5

A detailed functional description of this chassis is presented in

Appendix D. This section summarizes the tests conducted and the results
obtained.

Table 4-1 gives results of the 18 parameters tested. These param-

eters comprised all of the specified Surveyor TV camera functional require-

ment tests for this chassis. Also shown in Table 4-i for comparison

purposes are the Surveyor program requiren_ents for these paran_eters and

the results of the last measurements made of these parameters prior to

flight.
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TABLE 4-i. RESULTS OF FUNCTIONAL PERFORMANCE TESTS
OF ELECTRICAL PARAMETERS OF CHASSIS A-4

I

I

I

Parameter

Vertical sweep period,

seconds

Vertical blanking pulse

width, ms

Vertical blanking pulse

amplitude, volts

Horizontal sweep period,

ms

Key clamp drive pulse

amplitude, volts

Horizontal vidicon blank-

ing pulse width, ms

Horizontal vidicon blank-

ing pulse amplitude, volts

Horizontal synch system

blank pulse width, ms

Horizontal synch pulse

width, ms

Horizontal system blank-

ing pulse amplitude, volts

Horizontal sync pulse

amplitude, volts

Vertical sweep ampli-
tude, volts

Horizontal sweep ampli-
tude, volts

Vidicon biasing voltages,
volts

Target
Grid 5

Grid 2-4

Grid 3

Grid 1

Requirement

1.2 ±0. 12

200 ±20

8.5 ±2

i. 67 ±83

-7 ±i. 75

200 ±20

15 ±3

266 ±26. 6

133 ±13.3

8 (minimum)

i. 04 ±0.05

1.3to 2.3

1.3to2.3

12

300

220

39

-60

Post-Mission

Measurement

1.2003

195.88

8.0

i. 643

-6

187

13.7

264

137

i0

1.0

i. 6 peak-

to-peak

2. 2 peak-

to-peak

11.4

300

218

41

-63. 5

Last

Pre-Mis sion

Measurement

1.203

199.3

8.4

1.653

-6.6

199

15

258.5

134.4

9.6

1.0

1.3to 2.3

1.3 to2.3

12

297

224

+39

-60
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These tests required proper powering and termination; these require-

ments are summarized in Table 4-2.

TABLE 4-2. POWER SOURCES AND TERMINATIONS FOR

FUNCTIONAL TESTS OF CHASSIS A-4

I

I

I

I

Power Requirements Terminations

Source Voltages, Pin Re sistance, Pin

volt s C onne ction s ohm s C onne ction s

+25 ±0. 01

-25 ±0. 01

+300 ±3

-i00 ±i

7 and 13

5 and 9

18

21

68 ±5%, I/2watt

300 ±5%, i/2 watt

3 to ground

6 to ground

I

I
I

I

I
I

I
I

I

I
I

Upon application of power to the A-4 chassis, a check of the various

outputs revealed that only the vertical sweep circuit and the vidicon biasing

network were operational. All other circuits were inoperable; this was

traced to two failures identified at that point of the test program. The first

failure was of an alloy transistor (QI4) in the vertical blanking circuit. The

second failure was of an open metal film resistor (R36) in the horizontal

sweep generator circuit.

It was decided to replace these failed components without disturbing

other chassis elements. Fortunately, this could be readily accomplished.

The two failed components were not subjected to failure analysis because

they are no longer used in circuit applications. This is discussed in

Section 12.

Chassis tests conducted after replacement of the two failed com-

ponents produced the results shown in Table 4-1. All 18 parameters on

chassis A-4 were well within specifications, and there was no indication

of changes induced by the operation and residence of the TV camera on the

lunar surface for 2-i/2 years.

4. 6 FUNCTIONAL PERFORMANCE TESTS OF CHASSIS A-5

Chassis A-5 contained the video amplifier and summing circuits,

video logic circuits, and vidicon thermal control circuits.
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TABLE 4-3. RESULTS OF FUNCTIONAL PERFORMANCE TESTS
OF ELECTRICAL PARAMETERS OF CHASSIS A-5

I
I

I

Paramete r

Transmitter ON

Amplitude, volts

Pulse width, ms

Rise time, microseconds

Frame ID enable

Amplitude, volts

Pulse width, ms

Rise time, microseconds

Transmitter OFF

Amplitude, volts
Pulse width, ms

Rise time, microseconds

Video gate

Amplitude, volts
Pulse width, seconds

Horizontal sync level,
volts

Number of active TV

lines

Vidicon thermal

inhibit

Vidicon +29 volt heater

current, ma

ON

OFF

Vidicon +29 volt heater

switching point, OF

Requirement

20. 3 ±1. 8

200 ±20

10 (maxi-

mum)

26 ±i. 5

200 ±20

I0 (maxi-

mum)

25 ±2

15 to i00

1.0

26.4 ±i. 9

1.2 ±0.2

2.5 ±0.25

600 ±30

First and

third

frame

85 to 130

I0 to 30

77 ±2

Post-Mission

Measurement

19.5

196

2.2

25

196

1.6

25.5

30

0.6

25.5

1.2

2.58

611

First to

third

frame

96

15

76

Last

Pre-Mis sion

Measurement

20

195

2.3

26

195

1.4

25

28

0.32

25.5

1.18

2. 65

607

First to

third

frame

i00

20

77

I

I

I
I

I
I
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I
I
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I
I

I
I
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The purpose of the video amplifier and summing circuits was to

amplify the output of the vidicon and to combine the horizontal sync/blanking

and vertical blanking pulses in order to provide a composite video output

signal. The video logic circuit supplied activation signals for the following

functions: shutter operation, video gating, vidicon thermal control, and

video or frame identification signals to the transmitter.

The vidicon thermal control circuits automatically provided power

to the vidicon faceplate heater to maintain the faceplate within a specified

temperature range. This function was performed upon receipt of the

¥IDICON TEMPERATURE CONTROL ON command. The temperature of

the vidicon collar was sensed and power applied to the faceplate heater when

the temperature dropped below the desired value. The vidicon thermal con-

trol circuits included the thermal control amplifier, vidicon thermal control

switch, and control logic circuits. The logic circuits allowed the application

of power to the faceplate heater only during the second erase frame. This

prevented distortion of the video information during the picture readout and

priming frames.

A detailed functional description of this chassis is presented in

Appendix D. This section summarizes the tests conducted and the results

obtained.

Table 4-3 shows the 17 parameters tested on chassis A-5 and results

obtained. The specified Surveyor TV camera functional requirement tests

for this chassis include three additional parameters, which were not tested,

as discussed below.

Also shown in Table 4-3 for comparison purposes are the Surveyor

program requirements for these parameters and the results of the last

measurements made on these parameters prior to flight.

The conduct of these tests required proper powering and termination.

External power was applied as follows:

+28 volts ±i percent Terminals 27 and 29

+25 volts +i percent Terminal 3

-25 volts +i percent Terminal 15

Each composite video output was loaded with a 37,400 0. 5 watt resistor in

parallel with a 250 picofarad capacitor to the +29 return.
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Figure 4-4, Test Setup for Functional Checkout of Chassis A 5
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The three functions contained on chassis A-5 were tested in the

following sequence :

i) Video logic

2) Vidicon" thermal control

3) Video amplifier and summing circuits

To perform the chassis A-5 tests, it was necessary to use some

of the outputs generated by the A-4 chassis, tested previously for this

reason. The A-5 chassis tests also utilized the Surveyor TV camera test

position (discussed in Appendix C), as well as standard commercial equip-

ment. The test setup is shown in block diagram form in Figure 4-4.

Upon application of power to the chassis, the check of the chassis

output revealed that no video was present in composite video outputs AI6

and AI7. This problem was evident by the absence of video noise normally

present in the composite video output. The problem was traced to a shorted

tantalum capacitor in the preamplifier circuit. One end of this capacitor

was then severed, isolating the capacitor from the chassis. This allowed

the continuation of the test, leading to the results shown in Table 4-3.

Consequently, the following three parameters could not be checked:

• Video amplifier gain

• Video amplifier response

• Video amplifier noise level

The failed capacitor could not be replaced since it was a selected

low-leakage component during original assembly and a suitable replacement

was not available. Furthermore, replacement of this component n_ight have

stressed adjacent circuit board areas. The capacitor was subsequently

subjected to a detailed failure analysis to determine the specific causes of

failure. Results of this analysis are discussed in Section 12.

No other anomalies were uncovered in the course of the tests. As

evident from Table 4-3, all parameters n_easured were well within speci-

fications. There were no indications of any changes induced by the lunar

environment.

4.7 FUNCTIONAL PERFORMANCE TESTS OF CHASSIS A-6

Chassis A-6 contained the shutter control circuits, mirror drive

circuits, vidicon and electronic temperature readout circuits, and pulse

generators for focal length, focus, and filter control.
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TABLE 4-4. RESULTS OF FUNCTIONAL PERFORMANCE TESTS

OF ELECTRICAL PARAMETERS OF CHASSIS A-6

I

I

Parameter

Focal length and filter pulse

generator

Pulse amplitude, volts

Time interval, ms

Focus pulse generator

Pulse amplitude, volts

Time interval, ms

Shutter exposure pulse (pin 56)

Time interval, ms

Shutter reset (pins 21 and 57)
Time interval, ms

Time exposure mode frame
ID readout (JI-26), volts

ON

OFF

Step mirror UP pulse, ms

Step mirror DOWN pulse, ms

Step mirror left

Time interval, ms

Step mirror right

Time interval, ms

Electronic temperature frame

ID readout (Ji-22), OF

Vidicon temperature frame
.,. o FID readout (Jl-18),-,-

Two step mirror left

Time interval, ms

Two step mirror right
Time interval, ms

Requirement

+ 10 (minimum

10 +10%

+i0 (mini-

mum)

62. 5 +10%

150 +1%

200 ±20

4. 36 to 5. 36

-0.93 to -0.13

125 +20%

125 ±20%

125 ±20%

125 ±20%

70 - 96

70 - 96

250 ±20%

250 ±20%

Post-Mission

Measurement

22

9.78

16.5

62.86

149.86

196

4.979

-0.671

127

127

127

127

83

(2. 930

volts)

8

(+0. 660

volt)

235

265

Last

Pre-Mission

Measurement

23

10.02

23

57.52

149. 95

195

4.899

-0.620

127.12

127. 18

127. ii

127.19

90

(3. 155

volts)

85

(3.002

volts)

274.59

281.9

I

I
I

I

I

I
I

I
I

I
I

I

I
I

_':_Changed relative to preflight data
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The shutter control electronic circuit provided the drive signals to
the shutter solenoids, which actuated the two shutter blades. Circuits were

provided for both the 150 ms mode and the time exposure mode.

The mirror drive circuits actuated the azimuth and elevation drive

motors. Separate circuits were provided for the two modes of operation of

the azimuth drive: single-step and two-step.

The microdiode temperature sensors were utilized to measure the

temperature of the vidicon faceplate and of the ECU electronics. The

temperature sensing and readout circuits on chassis A-6 processed the inputs

from these two temperature sensors and delivered through a differential

amplifier circuit appropriate voltage readouts corresponding to the sensed

temperatures.

The optics control pulse generators provided appropriate signals for

actuation and control of the filter wheel, focus, and focal length mechanisms.

A detailed functional description of this chassis is presented in

Appendix F. This section summarizes the tests conducted and the results
obtained.

Table 4-4 shows the 16 parameters tested on Chassis A-6 and the

results obtained. These parameters comprise all of the specified Surveyor

TV camera functional requirements tests for this chassis. Also shown in

Table 4-4 for comparison purposes are the Surveyor program requirements

for these parameters, and the results of the last measurements made on

these parameters prior to flight. These parameters were measured to the

original Surveyor test specifications so that a comparable analysis could be

performed with prelaunch data. Both the original chassis test data and the

related TV camera unit test data were available for this analysis.

The conduct of these tests required the original Surveyor TV camera

test position, certain commercial equipment, and certain outputs generated

by the A-5 chassis, tested previously for this reason. A block diagram

with the test setup utilized is shown in Figure 4-5.

The input power requirements were as follows:

+28 volts ±1 percent Termination 22

-25 volts ±i percent Termination 39

+22 volts Termination 32

Voltages were brought up slowly, employing current limiting. The high
current mirror and shutter drive circuits were checked both at the nominal

+22 line voltage and at a low voltage of +8 volts to verify the correct

operation.
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POWER SOURCE

+25v, -25v
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DIGITAL

VOLTMETER NLS
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TV CAMERA
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),p, VERTICAL
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CHASSIS
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LvIDEO LOGIC

OUTPUT SIGNALS

t I TEKTRONIX
A6 OUTPUTS _ SCOPE 535A

ELECTRONIC

TIMER

HP-5233L

Figure 4-5. Test Setup for Functional Checkout of ChassisA6
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All circuits were properly loaded and terminated for these tests.

Table 4-5 summarizes the terminations employed.

Two anomalies were noted during the tests. A transistor in the

shutter drive circuit was found open and burned out, along with one of the

solenoids on the shutter assembly. This anomaly is discussed in more

detail in Section 12. The second anomaly was an apparent change in the

vidicon temperature readout circuit, as noted in Table 4-4. Further

discussion of this anomaly is also presented in Section 12. This anomaly

was thought to be attributable to changed characteristics of a transistor in

the vidicon temperature differential amplifier circuit. Both the burned out

silicon transistor and the suspected readout transistor are contained in the

cordwood module, and it was not necessary to replace them to conduct the

functional performance tests.

No other anomalies were uncovered during the tests, as evident

from Table 4-4. All parameters measured were well within specifications

except for the vidicon temperature readout. There were no indications of

any changes induced by the lunar environment.

4. 8 DISMANTLING OF MAJOR SUBASSEMBLIES AND COMPLETION OF

CHASSIS TESTS

This section summarizes the dismantling operations which took

place upon completion of the functional tests of chassis A-4, A-5, and A-6

TABLE 4-5. TERMINATIONS FOR FUNCTIONAL TESTS

OF CHASSIS A-6

Mirror drive

Shutter control

Pulse generators

25 ohms

25 ohms

25 ohms

25 ohms

25 ohms

25 ohms

25 ohms

25 ohms

±5 percent, 25 watts terminations

+5 percent, 25 watts terminations

+5 percent, 25 watts terminations

+5 percent, 25 watts terminations

+5 percent

±5 percent

±5 percent

±5 percent

10 watts termLnations

10 watts terminations

10 watts terminations

10 watts terminations

100 kilohms ±5 percent in parallel with 0.0

if0 percent capacitor Terminations
Terminations

7to8

7to9

7to i0

7to 13

18 to 32

21 to32

55 to 32

57 to 32

1 mf

24 to 35

50 to 35

I

I

I
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and the associated passive tests of the remaining chassis. The

subassemblies removed included the lens support structure and its major
subassemblies, all electronic chassis, vidicon subassembly, and the wiring

harness. Each of these was, in turn, further disassembled into its major

units, as discussed below. These disassembly operations are indicated in

Figure 3-1 (Section 3).

As a result of these dismantling operations, the various optical sub-
assemblies were available for test (described in Section 5), and the vidicon

was delivered to the vidicon test laboratory for test (described in Section 6).

The remaining chassis were delivered for materials and components tests.

The only exception to the sequence of testing and dismantling described in

this section is that certain vidicon tests were conducted prior to its removal.

These tests are described in the beginning of Section 6.

4. 8. 1 Dismantling Sequence, Techniques, and Procedures

The following major subassemblies were removed in the sequence

listed below. Each major subassembly was further disassembled into its
subassemblies in the order indicated:

Lens Support Structure

Shutter assembly
Star mode chassis

Lens assembly

• Multichas si s Assembly

Chassis A-3

Chassis A-4

Chassis A-5

• Chassis A-I

• Chassis A-2

• Chassis A-6

• ECU

• Wiring Harness

Vidicon Assembly

Vidicon tube

Boro nitr[de collar

Deflection coil

Vidicon housing

4-ZO
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Before each major disassembly, a complete visual and microscopic

examination was conducted, extensive documentary photographs were taken,
and planned circuit tests were conducted. The functional tests for chassis

A-4, A-5, and A-6 have already been described. The remaining chassis

were subjected to passive tests only, entailing selected ohmmeter tests

across output terminals and of suspect components wherever advisable and

feasible. Extreme care was taken to preclude any possible irreversible

operations which would destroy evidence. Suspect electrical components
(e.g., cracked glass envelopes) were noted and recorded for subsequent

component level investigation.

During dismantling operations, each subassembly was supported by

a special test fixture adapter until completion of the dismantling. All

mounting hardware removal torques were measured and compared with

installation torque specifications. Interconnecting wiring was cut rather

than unsoldered to minimize damage, and each cut wire end was tagged and

identified. Each removed part was packaged, tagged, and documented in a

log book, and a complete inventory of all renloved parts was maintained.

4.8. 2 General Appraisal of Dismantling and Test Results

Figure 4-6 shows the appearance of the main TV camera structure

after the removal of the mirror assembly and the shrouds, and prior to its

disassembly. Another view of this assembly is also shown in Figure 2-3

(Section 2). The top of Figure 4-6 shows the lens support structure, the
bottom portion the ECU. Figure 4-7 shows the camera main deck structure,

which was the only remaining part after completion of the disassembly
operations described in this section. The main deck structure is visible in

the middle of Figure 4-6.

No problems were encountered during removal of the various

camera assemblies. No evidence of cold welding was noted during removal

of the mounting hardware. Table 4-6 indicates the observed torque values
of the mounting hardware for the various subassemblies.

For comparison, Table 4-7 lists the range of original installation

torques for the various screw sizes. Direct comparison, screw-by-screw

and size-by-size, would not be fruitful and is not presented for several

reasons. Removal torques were not expected to be identical with installa-
tion torques and depend on the sequence of the removal of screws. A

difference does not necessarily imply an anomaly. It could be caused by

shock, vibration, or other similar normal effects. The significant effects
of the lunar environment which were looked for, on the other hand, would

entail a major increase in the value of a removal torque. The important

conclusion from comparing Tables 4-6 and 4-7 is that no effects such as

galling or cold welding were noted.
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Figure 4-6. T V  Camera After Removal of Mirror Assembly and Shroud (Photo 4R 14058) 
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Figure 4-7. Main Deck Structure of TV Camera (Photo 4R15896) 
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TABLE 4-6. MOUNTING HARDWARE REMOVAL TORQUES

I
I

I
Major Subassemblies

Lens support structure

Shutter assembly

Star mode chassis

Lens assembly

Removal Torques, in-lb

Minimum

17

1.5

3.5

1.0

Maximum

23

2.6

4.0

12.5

Chassis A- i

Chassis A-2

Chassis A-6

Multichassis assembly

4.0

5.0

6.0

i0.0

5.0

8.5

6.5

17.5

Chassis A-3

Chassis A-4

Chassis A-5

ECU

Vidicon housing

2.0

2.0

2.0

30

3.5

2.0

2.0

2,5

40

4.0

I

I

I

I
I

I
I

I

TABLE 4-7. MOUNTING HARDWARE INSTALLATION TORQUES

Screw Sizes
Specified Torque Range,

in-lb

2-26 3 to 4

4-40 7 to 9

6-32 I0 to 12

8-32 12 to 14

10-24 25 to 30

I

I

I
I

!
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Microscopic examination and passive tests of chassis A-l, A-2,

A-3, A-10 (star mode), and ECU revealed no major anomalies except for a

number of cracked resistor and diode envelopes and one open diode on
chassis A-3. These are discussed in further detail in Sections 7 and 12.

4. 8. 3 Dismantling of Lens Support Structure

The lens support structure houses the lens assembly, the star mode

chassis A-10, and the shutter assembly. The lens support structure also

supports chassis A-I and A-2.

The front of the lens support structure is shown in Figure 4-8. The

lens assembly drives are seen on the top, and the shutter assembly on the

bottom of this figure. The star mode chassis is hidden on the left side.

Figure 4-9 shows the star mode chassis after disassembly. The top view

of the shutter assembly looking down from the lens assembly after disassem-

bly is shown in Figure 4-i0._'._ Figure 4-ii is a bottom view of the lens

assembly, as seen from the vidicon housing region below.

Dismantling of the lens support structure commenced with the

removal of the mounting hardware attaching chassis A-l and A-2. After

cutting the appropriate interconnecting wires to the shutter, to the star

mode chassis, and to the lens assembly, the four screws mounting the lens

support structure to the camera main deck structure were removed. This

allowed the lens support structure to be removed from the camera. The

mounting hardware of the shutter assembly was then removed, separating

it from the lens support structure. Finally, the star mode chassis was

disconnected. Further dismantling of the lens assembly itself is described
in Section 5.

4.8.4 Dismantling of Electronic Chassis

The next step of the dismantling operations entailed removal of the

remaining seven electronic chassis: A-l, A-2, A-3, A-4, A-5, A-6, and

ECU. The first step was to remove the multichassis assembly, which is

the triangular structure containing chassis A-3, A-4, and A-5 shown in

Figure 2-7. The three struts forming this triangular assembly were

mounted to the main deck structure by six mounting screws. After these

were removed and the triangular structure lifted off the camera, the three

individual chassis were dismantled from the struts by removing the mount-

ing screws two per chassis. After the visual and microscopic examination

of the chassis and upon completion of the functional tests of chassis A-4,

A-5, and A-6, appropriate interconnecting wires were cut and the three

chassis were separated.

Figures 4-12a and b show the two sides of chassis A-5: the cord-
wood .... -' :J .... '-'-'- -'-- -_ ..... "_ ...... "_:_ --_ _^ ^_u^_

[lloUUle SAUl, W[li_ll (:lieu _LIt_W_ _11_ _r_CLLII[JAAAL_r, ¢111u _tl_ _,l_u

printed circuit board side, respectively.

;:"The pattern visible through the open shutter is that of a plastic pad on

which the assembly was placed for the photograph.
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Figure 4-8. Front View of Lens Support Structure and Shutter Assembly (Photo 4R 48 16) 

Figure 4-9. Star Mode Chassis A10 After Disassembly (Photo 4R15124) 
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Figure 4-10. Top View of Shutter Assembly (Photo 4R15016) 

Figure 4-11. Bottom View of Lens Assembly (Photo 4R15017) 
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a)  Cordwood Module Side (Photo 4R14650) 

b) Etched Circuit Board Side (Photo 4R15697) 

Figure 4-12. Chassis A5 
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Figures 4-13a and b show the cordwood module sides of chassis A-3

and A-4 respectively.

Chassis A-I, A-2, and A-6 were then removed by unscrewing the

mounting hardware and cutting the interconnecting wiring. Chassis A-I and

A-2 were attached to the lens support structure by six mounting screws

each. Chassis A-6 was attached to the main deck structure by two mounting

screws. Figures 4-13c and d show the cordwood module sides of chassis

A-I and A-2, respectively. Figures 4-13e and 4-14 show the cordwood

modules side and the etched printed circuit board side of chassis A-6,

respectively.

The ECU was mounted to the multichassis assembly support struts

by three bolts. These had been removed prior to the removal of the ECU

from the camera to allow for visual and passive tests. After completion of

these tests, the interconnecting wires were cut and the ECU was removed.

Subsequently, the ECU cover was removed from the ECU structure.

Figures 4-15a and b show the bottom view of the ECU prior to and after

removal of the V.CU cover, respectively. Figure 14-15c is the side view of

the ECU, showing its foam modules.

After cutting the appropriate interconnecting wires, the wiring

harness was then removed. This was done by unscrewing the mounting hard-

ware that attaches two nylon clamps that support the harness to the main

deck structure. The teflon wrap and the spot ties around the harness were

not disturbed, and handling was minimized so that these materials could be

further analyzed, as discussed in Section I0.

4.8. 5 Dismantling of Vidicon Assembly

The final item to be removed and dismantled was the vidicon housing

assembly. This assembly comprised the vidicon tube, vidicon deflection

coil, and boron nitride thermal collar which contained sensing diodes for

maintaining the vidicon faceplate temperature. These three parts were

removed from the housing in sequence prior to the removal of the vidicon

housing itself from the main deck structure.

The disassembly can best be understood by first reviewing the steps

followed in the original assembly of the vidicon. During assembly of the

housing, the deflection coil was first assembled and held in place by a

retainer ring. The vidicon tube was then slid into the housing, with the

boron nitride collar attached around its envelope, and positioned at the face-

plate end. Wire braid leads protruding from the boron nitride collar were
connected to the camera thermal radiator and were isolated from the main

deck structure by teflon bushings. Inside the housing, the vidicon tube and

collar were spring-loaded at each end and held in place by a tube socket,

retainer rings, and ............... This _i, ....._ _dj_L_,_._ of _ .... _"(:L/.l U W _ %/ L. LI_ L J.l E; _. 1_(:1. I._ L --pne[*o_Lc cup.
cal focus.
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a) Chassis A3 (Photo 4R 151 17) 

b) Chassis A4 (Photo 4R 14649) 

Figure 4-13. Cordwood Module Sides of Various Chassis 
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c )  Chassis A I  (Photo 4R15374) 

d) Chassis A2 (Photo 4R 15373) 

Figure 4-13 (continued). Cordwood Module Sides of Various Chassis 
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e) Chassis A6 (Photo 4R15699) 

Figure 4-13 (contitlued). Cordwood Module Sides of Various Chassis 
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Figure 4-14. Etched Braided Circuit Board Side of Chassis A6 (Photo 4R15698) 
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a) Bottom View With Cover On (Photo 4R15121) 

b) Bottom View After Cover Removal (Photo 4R15372) 

c) Side View (Photo 4R15366) 

Figure 4-15. Electronic Conversion Unit 
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The first  s t ep  in the d i sa s sembly  w a s  t o  cut  the t h e r m a l  r ad ia to r  
s t r a p s  and interconnect ing wir ing of the vidicon tube. 
end, the retaining nut, socket ,  loading sp r ing ,  and r e t a i n e r  r ing w e r e  
r emoved  in tha t  sequence.  The phenolic cup, cen ter ing  spr ing ,  loading 
spr ing ,  and t a r g e t  c l ip  w e r e  then removed in tha t  sequence f r o m  the f ace -  
plate end of the vidicon tube. This  allowed the  vidicon tube with the co l l a r  
a t tached t o  be removed f r o m  the housing. 

Star t ing at the socket  

The co l l a r  w a s  then removed f r o m  the vidicon as fol lows.  The co l l a r  
cons is ted  of two ha lves  held together  by a w i r e  r ing which fi t ted into a s lo t  
a round the co l la r .  This  w i r e  r ing was cut,  r a t h e r  than removed,  t o  e l imin -  
a t e  any poss ib le  p r e s s u r e  on the tube and to  min imize  any poss ib le  s t r e s s  on 
the facepla te  indium seal .  

The deflection coi l  w a s  then removed f r o m  the vidicon housing by 
removing its r e t a i n e r  r ing  and by cutting appropr i a t e  interconnect ing w i r e s .  
F ina l ly ,  the vidicon housing i tself  was removed f r o m  the main deck  s t r u c t u r e .  
The housing w a s  mounted t o  the main deck s t r u c t u r e  by t h r e e  ad jus tab le  
s t u d s  which allowed boresight ing of the vidicon housing a s sembly .  
of the housing entai led the r emova l  of the remain ing  h a r d w a r e  which 
at tached the housing t o  these  adjustable  s tuds.  

Removal  

A r e a r  view of the vidicon housing a s s e m b l y  with the vidicon in place 
is shown in F i g u r e  4-16; the vidicon pins can  be seen  on th i s  f igure.  
boron  n i t r ide  co l l a r  is shown in  F igu re  4-17, and the vidicon deflection coi l  
a f t e r  d i s a s s e m b l y  is shown in  F igu re  4-18. 

The  

Figure 4-16. Rear View of Vid 
Assembly (Photo 4R 15892) 

licoi I Hoi using 
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Figure 4-17. Vidicon Boron Nitride 
Collar (Photo 4R15891) 
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Figure 4-18. Vidicon Deflection Coil (Photo 4R15890) 

4-36 

8 
I 
I 
1 
I 
1 
I 
1 
I 
1 
B 
3 
I 
1 
1 
I 
I 
I 
I 



i

I

I

i

i

I

I

I

i

I

!

I

i

I

I

I

I

I

l

5. OPTICAL SUBASSEMBLY TESTS AND DISMANTLING

5.'1 GENERAL DISCUSSION

In this section are described the tests and disassembly operations

conducted on the four optical assemblies of the TV camera: the TV mirror

and its drives, filter wheel subassembly, variable focal length subassembly,

and shutter subassembly. The objectives of these tests were to determine

the operational and functional performance characteristics of these optical

assemblies after long-term exposure to the lunar environment, primarily

hard vacuum and thermal cycling from -270 ° to +Z50°F.

Following a thorough visual and microscopic examination, the assem-

blies were subjected to a series of electrical and mechanical diagnostic and

functional tests. These were structured to take advantage of redundant

components. In several instances, parallel tests were conducted to measure

different functional parameters under different environmental conditions.

During these tests, these optical assemblies were disassembled into their

major components, which were later subjected to component level testing,

described in succeeding sections of this report. Results of these tests were

compared with information available from the Surveyor program --

specifications, design data, and preiaunch tests. Special investigation was

conducted whenever appropriate to explain anomalies uncovered and relate
them to the effects of the lunar environment.

As indicated in Figure 3-1 (Section 3), the mirror assembly was

removed early in the program, and its testing and dismantling proceeded in

parallel with the work on the other electrical, mechanical, and optical sub-

assemblies of the main TV structure. A sketch of the mirror assembly is

shown in Figure 5-i. The mirror assembly contains the TV mirror and its

azimuth and elevation drives. The drive mechanisms consist of gears and

motors to provide the azimuth rotation of the mirror assembly and the

elevation motion of the beryllium mirror. A potentiometer readout coupled

to the gear train is provided on each axis for position data. The mirror

assembly also houses the filter wheel assembly, consisting of a filter wheel,

stepper motor, gear train, and a readout potentiometer coupled to the gear

train. The filter whe_l supports the four TV filters: clear, blue, green,

and red.

5-i
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Figure 5-2. Lens and Shutter Assembly

Tests of the lens and shutter assembly commenced with their removal

from the main TV structure, as described in Section 4. 8. The lens and

shutter assembly is shown in Figure 5-Z. The lens assembly is also seen

in Figures 4-6 and 4-8 (Section 4). Figures 4-8 and 4-i0 depict the shutter

assembly. The lens assembly consists of the lens barrel which contains the

lens elements, and the mechanisms, drives, and components which provide

for the fo[1owing three functions: variable focus, variable focal length, and

variable iris. Mechanization of these three lens functions is essentially

identical. Each function comprises a stepper motor, a gear train, and a

position potentiometer.

The sequence of visual inspection, electrical checkout, mechanical

and electromechanica[ functional performance testing, and appropriate dis-

mantling and disassembly of the various optical subassemblies throughout

these tests to the dismantling level desired entailed careful observation of

rules and procedures. Very detailed procedures, coordinated with the

customer, were prepared prior to the conduct of any test or dismantling

operation. These procedures were, to a [arge extent, based on the existing

Surveyor Operational Instruction Sheets (OISs). Careful records were kept

of all operations; and each part removed was identified, ta_ged, and inven-

toried. Each part removed from the assembly was subjected to a careful

visual scrutiny, and suspect areas were examined microscopically and

recorded photographically. Particular attention was given to the search for

evidence of possible cold welding. The position of all rotating or moving

5-3



parts was determined and recorded prior to any disassembly. All operations
were conducted by personnel thoroughly knowledgeable with the subassem-
blies by virtue of prior Surveyor test or design experience.

5. Z MIRROR ASSEMBLY AND FILTER WHEEL TESTS

The general sequence of tests and disassembly of the mirror assembly,
including the filter wheel subassembly, was as follows:

1) Assessment of general condition-- visual inspection and electri-
cal checkout

Z) Removal of filter wheel potentiometer

3) Functional checkout of filter wheel drive and removal of glass

4) Functional checkout of elevation drive

5) Dismantling of mirror assembly-- removal of drives, mirror,
and filter wheel subassembly

GEAR PLATE

C)

C)

FILTER WHEEL

POTENTIOMETER

_,MPINGS

O

(,31

C

3 POTENTIOMETER

TERMINALS (FAR SIDE)

FILTER WHEEL

SHAFT
CLAMP AND SCREW

(SECOND CLAMP AND

SCREW ON FAR SIDE)

Figure 5-3. Removal of Filter Wheel Potentiometer
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In parallel with these tests, a complete inspection was performed of

the azimuth gear train, which, as discussed in Section 4.8, remained on the

main TV structure upon removal of the mirror assembly. The azimuth drive

therefore was not tested functionally at the subassembly level but only at the

individual component level. Certain anomalies uncovered are discussed in

Section iZ as part of failure analysis.

As the first step in the above sequence, the mirror assembly was

visually inspected for its general appearance, particularly for damage and

contamination of surfaces. The mirror was found to be contaminated, as

already mentioned in Section 3.4.5; this is discussed further in Section 9.

Dust was observed on the filters, presumably of lunar origin. A number of

science tests were then conducted under JPL coordination with Hughes sup-

port, including scattering measurements of the TV mirror. The results of

these are presumed to be reported by the science investigators.

Electrical checkout tests were then conducted, including continuity,

resistance, and insulation resistance measurements. Access was provided

through the TV connector at the side of the mirror assembly. This connector

had intentionally been left intact for subsequent detailed examination at the

component level. The integrity of this connector was carefully preserved

during these tests since the other three connectors had previously been

unfastened in order to remove the lower shroud (as discussed in Section 3. Z).

The individual wires were identified by a continuity check between the wire

bundle protruding from the external cable and the wires inside the mirror

assembly. Access to the individual wires inside the mirror assembly was

obtained by puncturing through their insulation with a thin sharp sewing

needle.

With all circuits properly identified, resistances were measured on

all windings of the three motors and across the terminals of the three

potentiometers of the elevation, azimuth, and filter wheel subassemblies.

Insulation measurelnents included resistance between the windings and

housings of all the drive motors and potentiometers, and between the housings

of the azimuth and elevation drives. Results of the electrical checkout tests

were nominal. Continuity checks revealed no opens, and resistances and

insulation resistances were within specifications.

The next operation was to remove the filter wheel potentiometer which

had exhibited anomalous behavior during the Surveyor III lunar mission

operations. This was done to preserve the integrity of the potentiometer for

the subsequent failure mode investigation, reported in Section IZ.

The filter wheel potentiometer was removed by cutting the leads at

the terminals and by removing the holding screws and clamps. Figure 5-3

is a sketch of the potentiometer in the mirror assembly prior to its removal.

Poor accessibility to the screw_ made it impossible to measure screw

removal torques. However, the gears appeared to be correctly positioned
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on the shaft, and the set screw appeared to be properly contacting the flat
surface of the shaft. The potentiometer was lifted straight up without turn-
ing the potentiometer gear.

A functional test of the filter wheel mechanism was then conducted.
The purpose of this test was to determine the minimum voltage required to
operate the mechanism for a partial (270 degree) revolution of the filter
wheel at the nominal stepping rate of i00 + 5 pulses/sec. Results of this

test were nominal: the observed 8. l volts falls within the specified range

of 7. 5 to 9. 5 volts.

The four filter glasses were removed from the filter wheel for a

separate study of optical properties, surfaces, changes, etc. These studies

were subsequently conducted by the science investigators under JPL

coordination and are reported elsewhere. The filter wheel glasses were

lifted out after the lock wires were cut and mounting screws and holding clips

removed.

A broken safety wire was noted on a screw retaining one of the filter

glasses. This anomaly is discussed further in Section IZ.

The functional test of the mirror elevation drive was conducted next.

The purpose of this test was to determine the minimum voltage required for

stepping the drive upward from its extreme clockwise position to its extreme

counterclockwise position and then back to its extreme clockwise position.

The stepping was accomplished manually with pulse widths of 90 ms each,

per specification. Results were nominal: Minimum required operating

voltages in the upward direction were measured to be 8 volts compared with

7 to 9 volts specified; the measured minimum required voltage of ii. 7 volts

in the downward direction also was within the i0 to 12 volts expected range

and well within the Surveyor specification of 14. 5 volts minimum.

5. 3 DISMANTLING OF MIRROR ASSEMBLY AND FILTER WHEEL

ASSEMBLY

A sketch of the mirror assembly is shown in Figure 5-i. The

mirror assembly consists of the base with several units mounted on it, two

support arms, the beryllium mirror, the elevation drive subassembly on the

outside of the mirror assembly mounted to the right support arm, and the

hood and attached visor. The mirror assembly is visible in the frontispiece

of this report and Figures 3-3 and 3-4 (Section 3).

A support bracket clamped to the end of the azimuth drive motor

attaches to the right support arm to provide for additional stability. The

support arms, in addition to the elevation drive mentioned above, also sup-

port the hood, visor, and mirror. The elevation drive subassembly, shown
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in Figure 3-6, contains a motor, potentiometer, and gear drives. The

mirror is mounted on its shaft in the bearings of the support arms. Two

seals, attached to the mirror assembly, are provided to seal off the mirror

in the closed position.

The first step in the dismantling sequence was to disassemble the

visor by removing the mounting hardware attaching it to the support arms.

This provided access to the elevation drive subassembly.

The removal torques of the 4-40 screws of the visor ranged from 5

to 6 in-lb. This compared we[[ with the nominal installation range of 7 to

9 in-lb given in Table 4-7. In accordance with the discussion in Section 4.8. Z

the range of values of removal torques recorded in all the dismantling opera-

tions below are presented for the record without comment since no major
anomalies were uncovered.

The next step was to remove the beryllium TV mirror. This con-

stituted a departure from the normal sequence of disassembly. It was done

early in the dismantling sequence to preserve the integrity of the mirror

surface. Removal of the mirror entailed removal of the screws attaching

the hood to the support arms, removal of the two dust skirts (one from the

mirror and one from the base), removal of the support bracket attaching the

azimuth drive to the right support arm, removal of the mirror support arm

screws, and loosening of the elevation drive shaft. The latter entailed

removal of the elevation drive subassembly dust cover, and of the hardware

holding the elevation drive unit to the mirror assembly. The elevation drive

gears were thus disengaged from the mirror shaft gears.

Values of removal torques were recorded in all instances except on
the inside of the hood where access was difficult. All recorded values were

nominal, and no difficulty was experienced. The breakaway torques for the

hood screws ranged from Z to 4-1/Z in-lb on the outside and were estimated

to be on the order of Z in-[b on the inside. The azimuth motor bracket

breakaway torque was 10.4 in-lb. The dust skirt torques ranged from 5 to

9 in-lb. The support arm screws torques ranged from 17 to Z5 in-lb. The

elevation drive dust cover torques ranged from 6 to 7 in-lb.

The elevation drive subassembly was then removed by taking off the

torsion spring mounted to the main shaft and removing all mounting hardware.

All torques were nominal: The torsion spring angle bracket screws mea-

sured 4-1/2 in-lb; the breakaway torque of the elevation motor bracket screw

was gl in-lb. This operation also required drilling out of a tapered pin from

the gear train.

The two support arms and the hood were taken off next by removing

the previously loosened mounting hardware, thereby providing access to the

potentiometer, and filter wheel subassembly were accordingly removed as
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a) Before Dismantling (Photo A07274) 

b) After Dismantling, Showing Wheel Frame and Gears (Photo A10779) 

Figure 5-4. Filter Wheel Subassembly 
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the last step in the dismantling sequence. All torques were again nominal.

The azimuth drive motor and potentiorr;eter mounting screws breakaway

torques ranged from 3. 7 to 6 in-lb. The filter wheel mechanism mounting

screw breakaway torques were from I-I/Z to 3 in-lb.

The elevation drive subassembly was not dismantled since the units

contained in it for component level tests were similar to other units available

from the dismantled mirror assembly. The elevation drive was thus [eft

intact for possible subsequent tests at the subassembly level. It was also

desired to retain the discolored surface of the elevation subassembly housing

(shown in Figure 3-6) for subsequent investigations. The filter wheel sub-

assembly, however, was further dismantled.

The filter wheel subassembly is shown on Figure 5-4a before its

dismantling. The filter wheel gears are located between the two plates

shown. The potentiometer and the motor are mounted on the extended base

of the lower plate. The potentiometer had been removed earlier, as dis-

cussed in Section 5. Z. The motor and its bearings were removed by unscrew-

ing the mounting hardware, with breakaway torques found nominal and

ranging from i. 5 to 3 in-lb.

The top plate was removed next, and all gears were scribed to

identify their mating positions. Figure 5-4b shows the filter wheel sub-

assembly at this stage of the dismantling. The filter wheel frame and shaft

were removed next. This operation required some manual forcing to loosen

the hardened paint which had been applied to the shaft during manufacture as

an antireflection measure. Last to be removed were the filter wheel gears.

One of the filter wheel gears revealed a symmetrical scratch pattern on its

surface caused by a broken safety wire. Results of analysis of this anomaly

are presented in Section IZ, where a photograph of this scratched gear is

presented.

All units removed from the mirror assembly, including motors,

potentiometers, gears, etc. , with the exception of the elevation drive, were

subjected to further testing at the component level, as discussed in the

succeeding sections of the report.

5.4 TESTS AND DISMANTLING OF LENS ASSEMBLY

The lens assembly is shown in Figure 4-8 (Section 4) in the lens

support structure. Upon removal from the lens support structure, as dis-

cussed in Section 5. 8, the lens assembly comprised the following

subassemblies:

I) Lens frame containing lens barrel

z) Variable focal length mechanism containing motor, potentiometer,

and associated gear train
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3) Variable iris mechanism containing motor, potentiometer, and

gear train.

4) Variable focus mechanism containing motor, potentiometer, and

gear train

The sequence of testing and dismantling operations of the lens assem-

bly was as follows:

i) Assessment of general condition--visual inspection and electri-

cal checkout

Z) Functional checkout of focal length mechanism

3) Removal of focal length mechanism components -- motor,

potentiometer, and gear train

4) Dismantling of focal length gear train

5) Removal of iris mechanism components-- motor, potentiometer,

and gear train

6) Functional test of focus mechanism still attached to lens barrel

under vacuum conditions

v) Removal of focus mechanism components-- motor, potentiometer,

and gear train

The three mechanisms, focus, iris, and focal length, are essentially

identical in terms of their mechanical characteristics. To maximize the

information obtainable relative to the condition of these mechanisms after

lunar exposure, it was decided to test one of these (focal ;ength) under

ambient conditions and another (focus) under vacuum conditions. _':-"Similarly,

dismantling of the focal length gear train, while preserving the iris gear

train intact, afforded the opportunity for subsequent possible investigation of

the intact gear train after an evaluation of the results of study of the dis-

mantled parts. Upon the completion of these tests, the various units--

motors, potentiometers, and gears--were subjected to component level

testing as discussed in Section 8. The lens barrel and the lens frame were

subjected to special optical tests, as discussed in Section 9.

General assessment included visual observation, photography, and

electrical checkout tests. Electrical tests included continuity checks and

:::This illustrates the dynamic nature of the Lest program. Decisions on test-

ing were made in real time, based on previous results (see ground rules,
Section Z. 6. l).
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measurements of resistances and insulation resistances. All results were

nominal. Resistance of each of the four _coils of all three motors was

45 ohms, per specification. Resistance of the three potentiometers in

parallel was 1700 ohms, verifying the 5000 ohm rating of each. All insula-

tion resistances measured in excess of 109 ohms for the potentiometers and

1012 ohms for the motors, in full compliance with the specification value of
5 x I06 ohms minimum.

The functional test of the focal length mechanism, conducted next,

consisted of determining the minimum operating voltage required to run the

motor in the continuous mode, both in forward and in reverse direction.

This test was conducted with the aid of a special lens control position avail-

able from the Surveyor program. The voltage was increased at 1/Z volt

steps, starting with about 6 volts, until a constant running time from stop to

stop was obtained. The minimum required operating voltage was found to be

9. 0 volts, corresponding to the time from stop to stop of 10 seconds; above

9 volts, no further reduction in time interval was obtained. This value of

9 volts falls within the specified range of 7. 5 to 9. 5 volts.

The motors, potentiometers, and gear trains associated with the

focal length and iris mechanism functions were removed in sequence and the

focal length gear train was further dismantled. Steps in this disassembly

sequence and the recorded breakaway torques of mounting hardware are as

shown in Table 5-1. All torque values were nominal.

Vacuum chamber tests on the variable focus mechanism, conducted

next, entailed electrical checkout and measurement of minimum operating

voltage. The chamber pressure was maintained in the range of Z x 10 -8

Torr to 4 x 10 -8 Torr; the chamber temperature was Z5°C. Figure 5-5

shows the lens frame and barrel, with the focus mechanism attached, in the

vacuum chamber prior to the test. This figure shows the wiring and exter-

nal connectors through which electrical access was provided.

Results of the vacuum test were nominal. Motor and potentiometer

wiring resistances and insulation resistances were within specifications,

similar to values obtained earlier in ambient tests. The minimum operating
voltage of the focus mechanism'measured to be 8. 8 volts, also within the

7. 5 to 9. 5 volts specification range.

After completion of the vacuum test, the components of the focus

mechanism were removed from the remaining tens frame and barrel assem-
bly. The items removed and the torque values recorded are shown in
Table 5-Z. All results were nominal.
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TABLE 5-1. MEASURED TORQUES DURING REMOVAL O F  
COMPONENTS O F  IRIS AND FOCAL LENGTH MECHANISM 

Removed Component 

Recorded  Range of 
Breakaway T o r q u e s  
of Mounting H a r d w a r e ,  

in-  Lb 

Lens  suppor t  housing 

I r i s  po ten t iometer  

F o c a l  length m o t o r  

10 to 1 2  

L to  7. 5 

L to  2 

F o c a l  length g e a r  train::: 

I r i s  m o t o r  and g e a r  t r a i n  

I r i s  m o t o r  ( f roni  g e a r  t r a i n )  

4. 5 to  5 

1 to 2 .  7 

4 to 4. 8 F o c a l  length poten t iometer  

': 'Dismantling of focal  length g e a r  t r a i n :  

F o c a l  Length bear ing  r e t a i n e r s  f roin 
mounting plate  

F o c a l  length d r i v e  g e a r s  f r o m  
mounting p la te  

L to L 

1. 5 to L 

:TED 
WASHER 

Figure 5-5. Lens Frame With Focus Mechanism in Vacuum Chamber 
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TABLE 5-Z. MEASURED TORQUES DURING REMOVAL

OF COMPONENTS OF FOCUS MECHANISM

I

I

I
I

Removed Component

Focus drive motor

Focus gear train

Motor mount plate

Focus potentiometer

Recorded Range of

Breakaway Torques

of Mounting Hardware,

in- [b

2to2

3.5to4

0.9toi. 3

3to4
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5. 5 TESTS OF SHUTTER ASSEMBLY

The last optical subassembly tested was the shutter assembly. This

assembly, removed as part of the dismantling operations described in Sec-

tion 5.8, is shown in Figure 4-i0 (Section 4).

The shutter assembly consists of two solenoids and two movable

blades with associated linkage. Each solenoid consists of a stator with two

windings and a rotor with a dry film lubricant over its surface. The shutter

blades, attached to the rotors by the linkage, are actuated by the magnetic

force between the rotor and the stator generated by the current through the

solenoid coils. The shutter mechanism is activated by camera electronics

to provide a time exposure or a 150 ms exposure for the TV pictures.

Shutter assembly tests included resistance measurements, and

measurements of the minimum breakaway current required to actuate the

blades. Inspection of the shutter assembly revealed that one of the coils had

apparently burned out. This anomaly, which was subjected to a detailed

failure analysis and shown to be in the nature of a secondary failure, is

extensively treated in Section Ig. Resistance measurements indicated that

this coil had shorted rather than opened. The measured resistances of the

four coils are indicated in Table 5-3. The short in winding Z of coil B

evidently resulted in a partial shorting of some of the turns of adjacent

coil I. Insulation resistance was found to be nominal, in excess of 5 x
i012 ohms.
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TABLE 5-3. RESISTANCES OF SHUTTER ASSEMBLY COILS

i
I

I
Coil

A

A

B

B

Winding

i

Z

i

Z

Resistance, ohms

Measured

33

33

Z4

0.2

Nominal

33

33

33

33

I
I

I

I
Minimum breakaway current measurement could only be performed

on coil A. Values measured were about 30 percent higher than nominal,

ranging from 250 to 3Z5 ma, compared to the specification range of 190 to

Z35 ma. This anomaly is also discussed in more detail in Section iZ; it is

believed to be attributable to the anticipated wear of the dry film lubricant

on the rotor. Since coil B was inoperative, the shutter blade had to be

manually returned after each closing operation of coil A during the minimum

breakaway current tests.
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6. VIDICON TESTS

6. 1 VIDICON DESIGN FEATURES, TESTS, AND OPERATIONS HISTORY

The vidicon tube of the Surveyor III camera was manufactured by the

General Electrodynamics Corporation of Garland, Texas. The vidicon, type
1335A-2, was manufactured in December 1963. The vidicon tube is shown

in Figure 6-i. The vidicon mounted in its collar is shown in Figure 2-5

(Section 2). A more detailed description of the vidicon design features and

operation is given in Appendix G.

The vidicon vacuum tube is a hybrid storage device designed to con-

vert visual information-- light energy from the object viewed-- into an

equivalent electrical signal in the image plane. The Surveyor vidicon

utilizes electrostatic focusing and electromagnetic deflection. The tube

employs an electron gun, collector, and photoconductive target; fine mesh

screen (grid 5) is adjacent to the target. The target is coated on the back

with a transparent conductive coating which acts as the backplate.

Figure 6-2 is a cross-sectional view of the construction of the front part

of the vidicon. Figure 6-3 shows schematically the elements of the target

mesh area and illustrates the transducing process.

The principle of operation, whereby the vidicon signal is produced

from the photoconductive surface, is briefly as follows: A low velocity

scanning beam strikes one side of the surface; the other side receives

illumination through a signal plate from which the video signal is taken.

]When the photoconductive surface is scanned in darkness, electrons deposited

from the scanning beam reduce the potential to zero. The conductivity

becomes so low under these conditions that very little current flows across

the surface. If, on the other hand, the surface is illuminated, the con-

ductivity increases and charge flows across the surface. The scanned sur-

face becomes more and more positive in the interval between successive

scans. The beam then deposits sufficient numbers of electrons to neutralize

the accumulated charge, thereby generating the video signals. Further

details are given in Appendix G. The electronic circuits necessary to pro-

vide the timing, power, and amplification, are discussed in Section 4 and

Appendices D and E.

Extensive tests were culluuuL_u uy ii_i_ u_ _ _ v_yvl v._,-<_.....
received from the manufacturer. Acceptance tests entailed, in addition to

receiving inspection, a detailed visual inspection, electrical tests, reseau

mapping, wedge measurements, spectral response, and low temperature
survival tests at - 196 ° C.
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Figure 6-2. Cross-Sectional View of Front Portion of Vidicon
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The vidicon design precludes its survivability at high temperatures.

High temperatures would damage the photoconductor and melt the indium

seal. The target mesh (grid 5) is mounted in a taut position, and the mis-

match of thermal coefficients could adversely affect this critical alignment

and could cause wrinkling of the grid. Similarly, distortion of internal ele-

ments could affect vidicon alignment, resulting in changes of beam focusing

and cutoff characteristics. Accordingly, a thermal radiator was incorporated

in the design to limit internal temperatures of the vidicon to about 125°F

during the high temperature ambient environment of the lunar day. Further-

more, operation was limited during periods of maximum solar inputs.

Shading by the Surveyor solar panel and planar array antenna was also util-

ized to limit the thermal exposure.
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Figure 6-3. Functional Diagram of Vidicon Transducing Process 

However ,  exposure  to  the  high vacuum lunar  environment  was  not 
de t r imen ta l  t o  the  vidicon. 
was  evacuated a n d  sea l ed  off at a ve ry  low p r e s s u r e .  Integri ty  of t h e  seals 
under vacuum conditions was  validated in ex tens ive  qualification a n d  accep-  
t ance  tests.  

During the manufactur ing p r o c e s s ,  the vidicon 

Conce rn  ex i s t ed  ove r  the  survivabi l i ty  of the  photoconductor at the  
c ryogenic  t e m p e r a t u r e s  during the  lunar  night s ince  many of the  vidicons 
exhibited peeling of t h e  faceplate  photoconductor. T h e  percentage  of 
unacceptable  vidicons on the  p r o g r a m  was  re la t ive ly  high. 
throughout t h e  Surveyor  p r o g r a m  to  pinpoint t he  d i f fe rences  in  p r o c e s s  
va r i ab le s  during manufactur ing between surv ivable  and  nons urvivable vidi-  
cons w e r e  not successfu l .  

Continued ef for t s  

Although lunar  night surv iva l  was  not a Surveyor  p r o g r a m  r e q u i r e -  
m e n t ,  opera t ion  of t h e  Surveyor  c a m e r a  on s u c c e s s i v e  lunar  days w a s  a 
d e s i r e d  p r o g r a m  goal.  Because  of the potential  use of vidicons in space  
appl ica t ions ,  it was  of pa r t i cu la r  concern  to  de t e rmine  the condition of t he  
r e t u r n e d  Surveyor  I11 vidicon. F o r  future  appl ica t ions ,  it was a l s o  con- 
s i d e r e d  des i r ab le  t o  a s s e s s  the  per formance  of t he  indium s e a l  after expo- 
s u r e  to  t h e r m a l  cycling and  to  h a r d  vacuum conditions.  

T h e  acceptance  t e s t s  of t he  Surveyor  I11 vidicon w e r e  conducted in 
19 64,  and a comprehens ive  evaluation r e p o r t ,  qualifying it for f l ight ,  was  
submi t ted .  The  vidicon successful ly  met all flight qualification r equ i r emen t s .  

The  pe r fo rmance  of the Surveyor  I11 vidicon on the lunar  su r face  was 
T h e  vidicon pe r fo rmance  was  apparent ly  unaffected by the  expo- nominal .  

s u r e  of t he  Surveyor  spacec ra f t  t o  the envi ronment ,  desc r ibed  in Appendix B ,  
w h e r e  the  luna r  s u r f a c e  t empera tu res  approached  2 6 0 ° F  at the  height of the 
luna r  noon. Since communicat ion with the  Surveyor  I11 spacec ra f t  w a s  not 
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reestablished on succeeding lunar days, no information was available on

vidicon survivability through the lunar nights. However, the vidicon did

survive the total eclipse which took place 4 earth days after Surveyor III

touchdown, as evidenced by the high quality of subsequent TV pictures. The

eclipse lasted 6 hours, and the lunar surface temperature dropped below

-100°F; the vidicon faceplate temperature is estimated to have gone down
to about 0°F.

6. l TEST PROGRAM SUMMARY

The plan for testing and evaluation of the vidicon, as for all other

elements of this program, was designed to maximize the amount of informa-

tion obtainable, while proceeding with extreme care to avoid destruction of

evidence. Extensive use was made of a number of spare vidicons available

in order to check out procedures and to obtain data for comparison with the

flight vidicon. Results of each test step were evaluated and subsequent opera-

tions modified accordingly.

The test plan is summarized in Figure 6-4. This plan was formu-

lated to determine the effects of the lunar environment on the critical

structural parameters of the vidicon and on its materials. To this end, it

was found desirable to conduct selected functional performance measure-
ments in addition to the detailed examinations of the structure and materials.

The test plan consisted of three phases, distinguished from each

other in Figure 6-4 by dashed lines. Phase 1 operations were conducted on

the vidicon prior to its removal from the camera. Phase Z operations were

conducted after the removal of the vidicon but before its dismantling. Phase3

operations consisted of the opening of the vidicon and diagnostic tests of its

internal component parts and materials.

During the initial phase, a visual examination was conducted and an

approximate measurement made of the vacuum in the vidicon, using the fila-

ment as a Pirani-type gauge. This measurement was considered to be a

required precursor to subsequent tests. This was followed by selected func-

tional tests, listed in Figure 6-4. Phase 2.operations entailed a more

detailed visual and X-ray examination, and analysis of the gas content of the

vidicon. The gas sample was removed without disturbing the basic integrity

of the vidicon internal elements. A limited number of functional tests were

also conducted. The final phase commenced with the opening of the vidicon,

carefully rehearsed on spare units to prevent destruction of internal evidence

by this operation. This was followed by tests of the several components of

the vidicon assembly (noted in Figure 6-4) and by selected tests of certain

materials.
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Figure 6-4. Vidicon Test Program Flow Diagram
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It was noted in the initial visual examination that the vidicon

photoconductor had totally disappeared and that its grid 5 was shattered. It

was evident that this anomaly was not cryogenic in nature but, typically, the

result of high temperature exposure. Parallel work on the other parts of the

TV camera revealed that this was, indeed, a secondary failure brought

about by the open camera shutter. It was reasonable to conclude that the

shutter had opened early in the long dormant period of the Surveyor space-

craft on the moon, exposing the vidicon to a considerable solar energy input.

A detailed discussion of the shutter anomaly and its causes (associated with

the failure of the shutter circuit transistor and with the damage of one of

the shutter coils) is presented in Section ii. The missing photoconductor

and the shattered grid 5 required a modification of the original test plan.

On the other hand, finding that the vidicon had retained its vacuum permitted

the conduct of the majority of the planned functional tests. The test program

(Figure 6-4) reflects the work conducted to validate the hypothesized mode of

photoconductor and grid 5 failure. An approximate thermal analysis was

carried out, and thermal simulation tests were performed on spare vidicons

to establish the modes of failure. Diagnostic examinations were conducted

on the pieces of grid 5 removed from the vidicon.

The individual tests conducted in each phase of the vidicon test pro-

gram and the results obtained are summarized in the following subsections,

with supporting data in Appendix G.

6. 3 VIDICON TESTS ON CAMERA

6. 3. 1 Visual Examination

Phase I of the vidicon testing commenced, as illustrated in Figure 3-i

(Section 3), with visual inspection of the camera after removal of the mir-

ror assembly but prior to any electrical tests. The camera disassembly

test plan included provisions to prevent excessive illumination of the vidicon

facep[ate. It had been assumed that the shutter was closed. During the

removal of the mirror assembly containing the shutter assembly, it was

found that the shutter was open. No special provisions had been made in the

design for protection of the vidicon facep[ate under these conditions.

Visual examination of the vidicon then revealed that an image of the

shutter opening was apparent on the facep[ate, that the photoconductive coat-

ing had virtually disappeared, and that the grid 5 mesh behind it was shat-

tered. The facep[ate of the vidicon was virtually transparent. The

appearance of the facep[ate is shown in Figures 6-5a and b;:-',taken at

different angles and with different lighting to reveal the different effects
observed.

;:_Origina[s in color.
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a) Showing Discoloration (Photo 70-4865) 

b) Showing Grid 5 Damage and Missing Photoconductor (Photo 70-4862) 

Figure 6-5. Front View of Vidicon Faceplate 
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Access to the vidicon was limited at this time. After colnpletion of

electrical tests and removal of some of the chassis, a more thorough visual

examination of the vidicon was conducted without disturbing the vidicon

mounting arrangement and employing minimum lighting conditions. It

was still not possible to examine the tube completely since a large portion

of the envelope was covered by the deflection coil and the rear of the tube

was covered by the tube socket. The collar surrounding the edge of the

faceplate covered the target ring and the indium seal, so it was not possible

to observe these. It was also not possible to see the getter. However,

portions of the glass envelope and the tubulation at the rear of the tube could

be examined for evidence of cracks; and the face of the tube with the rem-

nants of the photoconductor could be easily seen.

The visual inspection included observation of the faceplate, photo-

conductor, corner reference marks, grid 5 mesh, and a portion of the glass

envelope. The original color photograph of Figure 6-5a* shows the discolor-

ation of the faceplate, the small piece of the photoconductor remaining, the

damage to the dark reference marks, the reseau marks, and the two

rectangular patterns, one of the raster and one of the shutter image. The

grid damage is clearly seen on the original color photograph of Figure 6-5b.

A slightly discolored residue appeared to be present on the outside

of the faceplate. .Analysis of this residue, presented in Appendix G, did not

indicate the presence of any organic materials. Two square patterns were

visible on the faceplate. The inner square appeared to correspond to the

normal raster pattern, while the outer square appeared to correspond to the

image of the open shutter.

The corner dark reference marks appeared dan_aged at the edges. It

is believed that this is attributable to handling and not to effects of the lunar

environment. The reseau marks appeared to be intact. These small

nichrome dots are evaporated on the rear face of the faceplate during manu-

facture, and are then covered by the Nesa coating.

The Nesa coating had a bluish-purple appearance, with a yellowish

cast at the edges of the raster. The cause of this appearance was presumed

to be interference reflections from traces of the photoconductor still

adhering to the Nesa coating, and giving it a slight variation in thickness.

The photoconductor disappeared except for a small piece at one corner of the

dark reference mark of the faceplate.

The grid 5 mesh seemed to be severely damaged. A large piece had

been torn from the mesh. The hole in the mesh extended on one side to the

edges of the corner reference marks and on the opposite sides to the edge

of the grid support ring. The damage observed was considerably more

_':'_Origina[in color.
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extensive than, and different from, the damage noted during cryogenic

testing of the vidicons. The worst damage that had been observed in pre-

vious tests was a wrinkling of the mesh, attributed to the difference between

the thermal coefficient of expansion of the mesh and of the Kovar mounting

ring.

The small portion of the glass envelope that could be seen, the tab-

ulation in the area around the base which is normally strained by the sealing

operation, and the indium seal at the facep[ate all appeared to be undamaged.

6. 3. Z Measurement of Internal Pressure

The degree of vacuum retained by the rid[con was determined next,

using the Pirani gauge technique (Reference 14). This technique is capable

of assessing the pressure inside a vacuum tube in the range of 10-2 to

+i0 g Torr, approximately.

Determination of the vidicon pressure, at [east approximately, was

considered to be a critical requirement prior to conduct of any tests. Con-

cern existed that the vidicon was gassy for one of two reasons. _A leak may

have developed, such as a crack in the envelope or a leak in the indium seal,

which would allow air to get inside upon return of the camera to earth.

Internal outgassing over the 2-i/2 years of residence on the lunar surface

may have increased the pressure to an unacceptable level even if all seals

had remained intact. It was felt that if the pressure were found to be in

excess of about 1 Torr, attempts to operate the vidicon at the rated filament

current conditions would result in the destruction of the tungsten filament

and, therefore, the vidicon.

The Pirani test was performed at relatively low current levels so as

not to induce any of the abovementioned destructive effects. Details of this

technique, and the test data obtained, are presented in Appendix G.3.

The basic principle of the Pirani gauge is that at any given power

input to the tube filament an equilibrium temperature is reached which is

uniquely determined by the pressure inside the tube. The higher the pres-

sure, the better the thermal conduction of the heat from the filament and the

lower the equilibrium temperature. At the same time, the resistance of

the tungsten filament also uniquely varies with temperature. Thus, the

unique relationship between the internal pressure and the filament resistance

can be used to determine the pressure.

In performing this test, a spare vidicon was opened, placed in a

vacuum chamber, and calibrated under controlled conditions: pressure was

varied, and the relationship between the filament resistance and the pressure

determined by plotting the required changes in the applied voltage at a

constant filament current versus the pressure. The resistance of the flight

vidicon filament was then measured at the same current level. The
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pressure obtained from the calibration test of the spare vidicon at this value

of resistance was then inferred to be that in the flight vidicon. It was tacitly
assumed in this calculation that the two filaments and the two vidicons were

essentially identical. This assumption determined the degree of accuracy

obtainable. In practice, this is estimated to be about one order of magnitude.

Results of the Pirani gauge test are presented in Appendix G. 3. The

measurements on the spare vidicon and on the flight vidicon were conducted

at a filament current of 87 ma. This corresponded to about one-half of the

rated operating value, which is in the range of 140 to 160 ma, to preclude

damage in the event that the pressure was found to be over 1 Torr. Results

of this test revealed that the internal pressure was less than 4 x I0 -Z Torr.

As explained in Appendix G. Z, the pressure-resistance curve is

asymptotically steep in this range, so a rather large reduction in apparent

pressure results from a small change in resistance. The converse, however,

is not true. Only a small increase in pressure corresponds to a significant
decrease in resistance. The conclusion is that errors entai|ed in this mea-

surement could imply pressure lower than the 4 x 10 -2 Torr estimate but not

much higher than about I0-i Torr. Depending on the accuracy of the test

and on the degree of similarity between the flight vidicon and the spare vidi-

con used for calibration, the flight vidicon pressure could be conceivably as
low as 10 -5 Tort.

The Pirani gauge demonstrated to a high degree of confidence that

the vidicon had retained its pressure exceedingly we[[ and that functional

tests could be performed without any significant concern of damaging the
filament.

6. 3.3 Tests of Filament and Cathode Emission Characteristics

The initial electrical tests consisted of verifying the characteristics

of the tungsten filament and ascertaining that the cathode emission was

nominal, so that subsequent functional tests of the electrica[ parameters of

the vidicon could be performed.

Measurements of the filament characteristics were made by applying

a voltage to the heater filament in steps up to its full rated value. This test

was conducted as a follow-on to the Pirani gauge test after it was ascertained

that the vidicon was in good condition and could be safely operated. The

filament voltage was varied until the filament current of 170 ma was reached;

at this point, the voltage was 7. Z volts. At the rated current of 160 ma, the

voltage was 6.4 volts, we[[ within the specification of 6. 3 volts in the current

range of 140 to 160 ma.

Next in sequence was the emission test, entailing the measurement of

the full cathode current at several values of voltages applied to grid 1 and to

grids_ Zthrough 5 connected together. This test was performed to ensure
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TABLE 6-1. RESULTS OF EMISSION MEASUREMENTS OF

FLIGHT VIDICON AND TWO SPARE VIDICONS

Grid i Grid 2"

Voltage, Voltage,

Vidicon volts volts

Space

S/N 109

Space

S/N 123

Surveyor

III vidicon

Surveyor

Ill vidicon

Surveyor

III vidicon**

Surveyor

111 vidicon

-23. 5

-23. 5

*Grids Z, 3, 4, and 5 were connected together for this test.

**Nominal vidicon operating condition.
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Figure 6-6.
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I
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Diagrammatical Representation of Vidicon for Functional Tests
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that the internal vacuum was adequate to permit the generation of an electron

beam at the vidicon operating voltages. The Pirani test had merely ascer-
tained that the vacuum was no worse than i0 _I Torr, so that the filament

could be operated. Performance of the succeeding tests, such as the gas

ratio test, however, required ascertainment that a much higher vacuum

level existed.

Emission measurements were first made on two spare vidicons at

the rated levels of zero voltage on grid 1 and 300 volts on grid Z. This was

done to check out the experimental technique and the test setup and to pro-

vide useful data for comparison with the flight vidicon. The flight vidicon

was then tested, starting with the lower values of grid voltages (lowest

emission current) and progressively raising the voltages until the full cur-

rent under rated conditions was reached.

Results are summarized in Table 6-i. It is evident that the flight

vidicon emission currents were nominal. Cathode emission of 4. 3 ma at

the grid voltages of 0 and 300 compared favorably with the spare vidicons

and the value of Z. Z ma at the normal operating voltages was within

specifications.

6. 3.4 Measurement of Functional Parameters

Having ascertained that the filament-cathode portion of the vidicon

was nominal, the functional parameters that could be determined with the

disabled grid 5 and evaporated photoconductor were measured next. These

included the gas ratio and the beam transmission and grid transfer charac-

teristics. The grid cutoff was also determined in the course of the mea-

surement of beam transmission. The voltages applied externally for these

tests and the measured parameters can be described with reference to

Figure 6-6, which indicates schematically the vidicon electrodes and

defines the terms. Grids 3, 4, and 5 were connected together for all of

these tests to constitute the "collector."

The gas ratio is defined as the ratio of the ion current to the electron

beam current at the nominal value of 140 ma for cathode current, i.e. , with

nominal voltages applied to grids 1 and Z. The beam current formed by

electrons passing through a small aperture in the first anode is on the order

of 0. 001 of the cathode current under these conditions. The beam current

and the ion current are measured separately, with the same voltages on

grids 1 and Z and with -300 and +100 volts applied to the collector,

respectively. The vidicon is thus operated for this test as an ionization gauge.

The ion current is generated by an interaction of the beam electrons

with the residual gases. It is, therefore, a reasonably accurate measure

of the actual pressure inside the vidicon. In a typical triode vacuum tube,

theogas ratio is linear in the pressure range from about 10 -8 Torr to about

IO -_. 'fhe theory relating the pressure to the measurement of the gas ratio

6-13



is given in References 15 through 17 and summarized in Appendix G. 4.
gas ratio measurements served to estimate the vidicon pressure more
accurately than previously determined from the Pirani test.

The

Gas ratio measurements were performed first on the two spare vidi-
cons and then on the Surveyor III vidicon to verify the technique used and to
obtain comparison data. Results are summarized in Table 6-2. The beam
current in the flight vidicon was only about half of the nominal value. This is
explainable by the fact that focusing action of grid 5 was absent. The gas
ratio was found to be nearly in specification, and better than that of the
spare vidicons. The gas ratio for all three vidicons is what would be
expected after several years of normal shelf storage.

The flight vidicon pressure was calculated in Appendix G. 4 from the
gas ratio measurements to be about i. 6 x 10-5 Tort. As explained in
Appendix G. 3, this is compatible with the findings and limitations of the
Pirani test. The steepness of the Pirani gauge curve in Figure G-Z (Appen-
dix G) in this range could yield this value of pressure if the difference in the
filament resistances between the spare vidicon used for calibration, and the

TABLE 6-2. RESULTS OF GAS RATIO MEASUREMENTS"."

Ion Current, Beam Current,
Vidicon nanoamperes microamperes Gas Ratio

Spare
S/N 109

Spare
S/N 12.3

Surveyor III
camera

Specification
valve

7.3

16.5

3.7

5.0

6.6

3.3

-31.5x10

Z. 5 x l0 -3

1.1xlO "

_1 x 10 -3

I
I

I

I
I

I

I
I
I

I

I
I

I

I
I

':-'Calculated Surveyor III vidicon pressure
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flight vidicon were only 5 percent. _:_It is recalled that pressure was

determined by the Pirani method on the assumption that the two vidicon fila-

ments were identical.

The vidicon internal pressure was later measured by still another

technique during the measurement of its gas content. This is discussed in

Section 6.4. 5, where the final comparison of the three results of pressure

measurements is given.

Measurements of beam transmission and grid transfer characteristics

were then performed. These measurements were similar in that they both con-

sisted of measuring the cathode and beam currents as functions of the con-

trol grid l voltage for various fixed values of the first anode (grid Z) voltage.
Measurements ofthebeam transmission characteristics were conducted at

low values of the cathode currentcorresponding to the normal operating

range of the vidicon and included measurement of the grid cutoff, that is,

the value of the control grid voltage at which the cathode current is down to

1 microampere. This characteristic is measured with precision, varying

the controlling parameter -- grid l voltage-- incrementally. The grid

transfer characteristics, on the other hand, were determined on an oscillo-

graph and covered the full range of the cathode and beam currents.

Results of the measurement of the beam transmission characteristics

are shown in Figure 6-7a for the Surveyor III vidicon. This test was per-

formed at two values of grid Z voltage: at the nominal operating value of

185 volts and at 300 volts. Figure 6-7b shows results obtained for compari-

son on a spare vidicon at the grid Z voltage of 185 volts. The result for the

flight vidicon can be interpreted as nominal. Its cathode current was some-

wha£ higher than that of the spare vidicon although its beam current was less

by about 40 percent. As discussed in Reference 18, however, this is repre-

sentative of vidic0ns which have been operated for prolonged periods of time.

The grid cutoff was also obtained from the beam transmission mea-

surements. At the nominal grid Z voltage of 185 volts, the value of control

grid cutoff, corresponding to the cathode current of i microampere, is seen

on Figure 6-7a to be -80 volts. This is nominal.

Grid transfer characteristics of the flight vidicon are plotted in

Figure 6-8. Figure 6-8a shows the control grid transfer characteristic at

two values of voltage applied to the first anode, grid Z. Figure 6-8b shows

the first anode transfer characteristics at two values of control grid bias.
Results are nominal.

-Z
::"InFigure G-Z, 4 x 10 Torr corresponds to the filament voltage of

1. 96 volts and Z x 10 -5 Torr corresponds to an extrapolated filament

voltage of about Z. 08 volts.
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a) Front View (Photo 70-4884) 

I;) Rea; L'iev; (Photo e!? 15892) 

Figure 6-9. Vidicon Prior to Removal From Camera 
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Several changes intentionally introduced into the above measurements

resulted in no perceptible changes of the electron beam current. These

perturbations included floating, photoexcitation of the vidicon facepIate, and

placing a transverse magnetic field near the floating target electrode.

Functional evaluation of the vidicon was limited to the above tests.

The following tests, originally planned, could not be conducted because of

the inoperabi[ity of the photoconductor:

• Video-to-dark ratio

• Sensitivity

• Image shading

• Erasure

• Gamma ratio

• Resolution

• Spectral response

• Test pattern

With the exception of the damaged grid 5 and evaporated photoconductor, the
vidicon was found to be nominal to the extent tested.

6.4 VIDICON TESTS OFF CAMERA

6.4. 1 Removal of Vidicon

The second phase of vidicon testing commenced with its removal

from the camera. Photographs were taken to record the appearance and
orientation of the vidicon on the camera. The front and the rear views of

the vidicon just prior to its removal are shown in Figure 6-9. The front

collar support can be seen in Figure 6-9a. Details of the removal opera-

tions were presented in Section 4.8.5. The vidicon is spring-loaded in its

mounting with a force of about 7-I/Z pounds. No difficulty was encountered

in the removal process.

6.4. 2 Visual and X-ray Examination

A more complete visual examination of the removed vidicon was con-

ducted than the original examination on the camera, discussed in

Section 6.3. i. The vidicon was examined with a low powered microscope

for evidence of physical damage and cracks, for grid spacings and getter

appearance, and for the presence of particles of the shattered grid 5 mesh

and of the photoconductor.

6-19



Figure 6-10. Front View of Transparent Faceplate of Surveyor I l l  Vidicon, Showing Cathode in Rear (Photo 70-4863) 

6 - 2 0  

I 
1 
I 
8 
1 
I 
1 
I 
I 
I 
1 
t 
I 
1 
I 
I 
I 
I 
1 



i

I
i

I
I

I

I

I
!

I
i

I

I
I

I
I

I

i
I

Absence of the.photoconductor and tearing of the grid 5 mesh were

confirmed. Figure 10", taken at this time, shows the complete trans-

parency of the faceplate. The cathode region in the rear can be seen clearly

through the front of the vidicon. The presence of a small remaining piece

of the photoconductor near the dark corner reference mark of the faceplate

was confirmed. This piece was previously noted (Figure 6-5).

A number of pieces, presumed to have come from the grid 5 mesh,

were noted. A large piece of grid 5 mesh, 1/8 by i/8 inch, was seen

wedged between the faceplate and the grid 5 ring assembly. Many small

particles were also observed around this piece of the mesh. A larger

piece, estimated to be about 3/16 by i/4 by 1/Z inch, was found to be

loose at the bottom of the tube. The size and shape of this piece appear to

approximately the same as that of the hole in the grid 5 mesh. It was

presumed that this was, indeed, the main torn section of the grid 5 mesh.

In addition, there appeared to be a smaller piece, I/8 by i/8 inch, loose
at the bottom of the tube.

The appearance of the surface of the getter was normal. This was

expected from the earlier findings of a nominal gas ratio and fairly good
vacuum in the vidicon.

Microscopic examination confirmed the normal appearance of the

reseau marks, as previously shown in Figure 6-5. These dots are only

0.002 inch in diameter, and were difficult to see without the semiopaque

background normally provided by the photoconductor.

"Visual examination of the indium seal caused some concern that it

may have melted. Subsequent tests, however, proved this hypothesis not

to be valid (see Section 6.5.3).

Several fingerprints were found around the envelope behind the face-

plate. These, however, are believed to have been made during the original

installation and are not considered significant. Also, several scuff marks

were noted on the glass envelope which were made by the boron nitride

collar during the removal of the tightly fitting ring, as discussed in
Section 4. 8.5.

The vidiconwas then X-rayed. It was of particular concern to

investigate possible misalignments or anomalies in the area of the cathode

structure. No irregularities were observed. The spacing between the grids

appeared nominal, confirming the measurements of nominal beam trans-

mission characteristics and grid cutoff.

Original in color.
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6.4.3 Verification of Electrical Integrity of Nesa Coating

The only functional test conducted on the removed vidicon was the

measurement of the electrical characteristics of the Nesa coating on the

faceplate to determine whether it was still intact. In view of the nominal

findings during the electrical tests on the vidicon, the planned functional

tests were not repeated.

The measurement of the condition of the coating entailed operating

the vidicon at low cathode currents, with a varying bias on the control grid 1

in the range of -150 to -80 volts, and with 300 volts applied to grids 2, 3, 4,

and 5 connected together. This test was first conducted on a spare vidicon

and then on the Surveyor III vidicon. Results for both vidicons are plotted

in Figure 6-i1. As seen in this figure, the current for the Nesa coating was

considerably lower for the Surveyor III vidiconthan for the spare. However,

the presence of the conducting path confirmed that the Nesa coating did,

indeed, appear intact. Discrepancies in the values recorded can easily be

explained by the absence of the focusing effect normally produced by the

grid 5 mesh.

It is not surprising that theNesa coating had remained on the face-

plate even though the photoconductor had disappeared presumably by the

inadvertent, prolonged exposure to excessively high temperatures. It was

noted in early tests of some of the vidicons, when peeling of the photocon-

ductor occurred under cryogenic conditions, that no loss of the Nesa coating
has ever occurred.

6.4.4 Analysis of Cause of Photoconductor Disappearance

During this phase, an intensive effort was conducted to identify the

causes of the loss of the photoconductor and of tearing of the grid 5 mesh.

It was postulated that this failure was the result of the solar heat input to

the vidicon through the open shutter during lunar days rather than a con-

sequence of the low temperature exposure during lunar nights. The

extensive experience obtained in original cryogenic qualification tests of the

vidicon indicated that partial peeling of the photoconductor may take place

at the cryogenic temperatures; however, total disappearance of the photo-

conductor, such as found on the Surveyor III vidicon, had never been

previously observed.

High likelihood existed, as evident from the discussion of the failed

solenoid coil and its drive transistor in Section 12, that the opening of the

shutter took place early in the Z-I/Z year period of residence of Surveyor Ill

on the moon--probably during the second lunar day. The vidicon faceplate,

therefore, had been exposed to direct solar rays during 30 to 31 lunar days.

The faceplate received the solar energy through the open shutter by
ref, ecLlon of ......... TV ................ _ -'suntlgnE iroill tile i-liii'roi',itx_-is _ttltll_i.tetl tll_l,5 tlllS tot)K-.

place over the range of sun angles from about 7 to about 45 degrees above
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horizon. This resulted in a total exposure of about 75 hours per lunar day
or over 2000 hours for the total period of lunar residence. Thus, the vidicon
experienced a considerable amount of solar thermal input.

The effect of this heat input, coupled with the extreme thermal
cycling between successive lunar days, was postulated to have caused the
photoconductor to evaporate and to deposit in part on the grid 5 mesh;
subsequently, this caused the weakened grid 5 mesh to crack and tear. The
effort conducted to verify this conjectured mechanism of failure included
thermal analysis and thermal simulation tests on spare vidicons (as indicated
in Figure 6-4). Additional tests were performed later, after opening the
vidicon, onthe severed grid 5 pieces (see Section 6. 5. 2).

Thermal calculations were made to estimate the temperature rise of
the vidicon faceplate (Reference 19). Assuming, conservatively, that the
reflection of the sun from the TV mirror was perfectly diffuse and assuming
150°F for the surroundings, the faceplate temperature was calculated to
reach Z07°F (96°C) during the solar day under conditions of equilibrium with
these surroundings.

A simulation experiment was then conducted on spare vidicons to
assess the effect of such a level of exposure to thermal inputs. No experi-
mental data were available for comparison since operating conditions and
design limits for the vidiconwere substantially below the above estimated
temperatures. Some data, however, available from independent sources
indicated that the photoconductor would evaporate from the faceplate in
vacuum if a constant temperature in the range of i15 ° to 125°C were
maintained for 16 hours. The simulation experiment was concerned with
the effect of the somewhat lower estimated temperature of about 100°C on
the faceplate. ;''_

The initial effort to simulate the thermal input to the vidicon face-
plate in the air using a calibrated xenon source was unsuccessful. Cooling

by atmospheric convection and conduction limited the faceplate temperature

to 30°Ceven_Vitha relatively high intensity radiant source.

Rather than resorting to the effort and cost of radiant heating in

vacuum, an adequate test was performed using a small Stratham oven. The

front part of the vidicon was placed in the door of the oven, with the rear

portion of the tube left exposed to the room temperature. The oven

temperature was maintained at 100°C. The vidicon photoconductor and

grid 5 mesh were observed periodically in the course of this heating process,
which extended for a total of 304 hours.

'Care had to be exercised to monitor and limit temperatures. Indium seal

melts at 156°C.
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The results of the exposure of the spare vidicon to this temperature

revealed a striking similarity with the apparent failure of the Surveyor III

vidicon evident in Figure 6-10. Evidence of the evaporation of the photo-

conductor around the periphery of the faceplate was noted after 96 hours of

exposure. Evaporation continued to be progressively greater as the length

of exposure continued. After I18 hours, evidence Of some photoconductor

loss was seen over the entire surface of the faceplate, and a major portion

of the outer edge area had evaporated completely. This can be seen on the

original color photograph of the black and white Figure 6-12 -- one of the

many taken in this experiment.

After 140 hours, the circumferential area was completely clear and

the central regions of the faceplate had a general lightening appearance.

After 165 hours, the photoconductor had substantially evaporated, with only

an outline of the raster remaining. The faceplate was now quite transparent.

After 250 hours, the faceplate was clear and totally transparent. No further

changes were noted when the test was concluded at the end of 280 hours.

The appearance of the vidicon faceplate was virtually identical with that of

the Surveyor III vidicon, as shown in Figure 6-10.

Evidence of condensation of the evaporated photoconductor on the

inside of the glass envelope was noted after I18 hours of exposure. This

condensation was concentrated in the vicinity of the gap between grid 3 and

grid 4. Evidence of condensation of the photoconductor continued to be

observed throughout the experiment.

After 165 hours of total heating, it was noted that the grid 5 mesh

had torn and a large portion was missing in its center, again in striking

resemblance to the appearance of the Surveyor III vidicon. After 250 hours

of exposure, when the faceplate was totally transparent, a large piece of

grid 5 mesh could clearly be seen on the bottom of the tube. Figure 6-13

shows the appearance and dimensions of this piece; it was later confirmed

that this piece had, indeed, come from the central area of the grid 5 mesh.

In addition, a number of small particles, which presumably came from the

torn grid 5 mesh, were noted at the edge of the faceplate. Throughout the

exposure and upon its completion, it was noted that grid 5 had become

extremely fragile.

A special test was then conducted to determine the effect of exposure

of the photoconductor in air. A faceplate with the photoconductor was

removed from the spare vidicon and placed in the oven at 100°C. No

evidence of evaporation or change in appearance of the photoconductor was

noted after 150 hours of heating. This confirmed the expectation that the

presence of the air would prevent the evaporation of the photoconductor by

the formation of stable oxides.

Additional test_ were conducted in the effort to obtain a better

insight on the rate of evaporation as a function of exposure temperature.
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Several spare vidicons were tested in the oven for various lengths of time

at temperatures ranging from 90 ° to 130°C. As expected, the rate of

evaporation was found to be much higher at the higher temperatures. For

example, at 120°C, complete evaporation of the photoconductor was noted

at the end of 15 hours of heating._" Results at 90°C were similar to those

at 100 °, but the rate of evaporation appeared to be somewhat lower.

These tests verified the postulated mechanism of evaporation of the

Surveyor III photoconductor by the solar radiation through the open shutter.

The tests also confirmed to a degree the estimates made of the approximate

temperature of the faceplate at which this evaporation took place on the

moon. Wrinkling and tearing of the grid 5 mesh was also noted in these

tests, confirming the hypothesis that this failure may have been related to

the evaporation of the photoconductor. Close examination of the grid 5 mesh

of the spare vidicon at the end of these tests revealed that its elements

appear discolored and suggested that the evaporated photoconductor had

deposited on them.

Subsequent analysis of the elements of the grid 5 mesh, conducted

after the opening of the vidicon, is presented in Section 6.5.2.

6.4.5 Gas Content Measurement

The last test conducted before opening the Surveyor III vidicon was

the measurement of the composition and partial pressures of the residual

gases inside. This test was also performed on a spare vidicon to check

out the procedure and obtain comparison data. Since both the spare vidicon

and the Surveyor III vidicon had a comparable history -- they were manu-

factured at about the same time and had not been operated for about 3 years --

it was hoped that comparison of gas contents would shed some light on the

effect of the lunar environment and thermal cycling.

Measurements of partial pressure and gas composition were made

with a GE monopole 300 mass spectrometer on samples of the internal gas

of the two vidicons. The test setup is shown in Figure 6-14. All equipment

used, the test procedure, and results are discussed in Appendix G. 5.

The spare vidicon was placed in an evacuated pyrex manifold with

the pressure inside the manifold and the connecting pyrex tubing maintained

below about 10 -8 Torr. The vacuum was obtained and maintained by a

Varian vac-ion pump, and monitored by a GE trigger vacuum gauge. An

opening was made mechanically in the vidicon under vacuum and samples of

the gas permitted to flow to the mass spectrometer. The samples were

controlled by two Granville-Phillips ultra-high vacuum metal valves.

The sampled contents of the spare vidicon were compared with the

measurement of the background by the spectrometer just prior to the

opening of the valves. This procedure was _hen repeated for ........_11e ±L±gI,LI_
vidicon.

_:"This confirmed the previously mentioned data from independent sources.
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Results of these tests are summarized in some detail in Appendix

G. 5; the overall conclusions are presented in Table 6-3. These results

are based on a study and interpretation of a number of measurements taken

by the mass spectrometer. Only the relatively most abundant gases are

listed in Table 6-3. The values given for relative amplitude were obtained

by subtracting corresponding background readings from the data obtained

from spectrometer measurements of the vidicon gas samples. The percent

contents were calculated relative to the corresponding amplitude totals.

The relative amplitude values in Table 6-3 and the totals were

related to the corresponding partial and total pressures, respectively; how-

ever, their accuracy was not assessed--total pressures were not known.

The identification of the elements and compounds in Table 6-3

corresponding to the mass numbers was made by inference. It should be

recognized that specific molecular content cannot be identified conclusively

in some cases. For example, a mass number of Z8 could be attributed

either to a molecule of nitrogen or to carbon monoxide, or both.

As seen from Table 6-3, the Surveyor III vidicon had proportionately

much more hydrogen and helium than the spare vidicon. This was largely

made up by the higher proportion of nitrogen in the spare vidicon. The

percent carbon dioxide content of the spare vidicon was also somewhat

higher. Since only one spare vidicon was sampled, it is not known to what

degree these results are attributable to the processing differences during
manufacture.

The final test conducted was to attempt to utilize this experimental

setup to estimate the internal pressure of the Surveyor vidicon. With the

mass spectrometer isolated from the system, the vacuum gage connected,

and valves V1 and VZ closed (Figure 6-14), the pressure of the evacuated

tubing volume, calculated to be 641 cc, was measured to be 6 x 10 -5 Torr.

Valves V1 and VZ were then opened and the remaining gas allowed to escape

from the vidicon into the system. The vacuum gauge reading immediately

increased to Z x 10 -4 Torr. Estimating the vidicon volumne to be 58 cc, the

vidicon pressure was then calculated using Boyle's law to be 2 x 10 -3 Torr.

The above calculation was then corrected for the fact that the vidicon

had been previously sampled several times for the mass spectrometer

measurements. This calculation led to the estimate of the original Surveyor

vidicon pressure to be 4 x 10 -3 Torr.

It is recognized that the above calculation was approximate. The

pressure obtained by this method compared with the two values previously

obtained, as summarized below:

Pirani method

Gas ratio measurement

Gas content measurement

4 x 10 -2. Torr

1.6 x l0 -5 Torr

4 x 10 -3 Torr
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The range of uncertainty of the Pirani method, as mentioned earlier,
extends from as low a value as perhaps 10-5 Torr to as high a value as
perhpas I0 -I. The range of uncertainty of the results of the other two
methods cannot be stated conclusively. It can be concluded, however, that
the three results are not incompatible in the light of the accuracy obtainable.
It can also be concluded with a high degree of assurance that the vidicon
pressure was significantly less than I0-I Tort. It is believed that the last
of the three measurements, which yielded a value in the range between 10-2
and I0-3 Tort, probably reflects most closely the correct internal pressure
of the Surveyor III vidicon.

In order to permit further analysis of the relatively high helium
content of the Surveyor III vidicon, a number of samples of the gas were
extracted under vacuum into vacuum-tight ampules, as indicated in Fig-
ure 6-14. This was performed by connecting the necks of the capsules to
the pyrex tubing; after evacuation of the system and passing of the vidicon
gas into the capsules, they were tipped off without disturbing the vacuum by
a localized heating/glass melting technique. The samples removed were
one Z00 cc capsule and four i0 cc capsules.

The Surveyor III vidicon was then removed for the final diagnostic
phase of the investigation. The vidiconhad a 0.060 inch diameter hole in
the envelope near the lower mesh retainer ring in the vicinity of the cathode,
produced during opening in vacuum by the pointed rod in the above test (see
Figure 6-14). The region of the faceplate was unaffected.

6. 5 OPENING OF VIDICON AND DIAGNOSTIC TESTS

6.5. l Opening of Vidicon

The final phase of the vidicon test program commenced with the

opening of the Surveyor III vidicon, which was now at atmospheric pressure.

The opening was therefore relatively easy to accomplish. A file mark was

made around the tube envelope, starting with the 0.060 inch diameter hole,

and the tube was gently broken inhalf by cracking the envelope. The vidicon

was thus disassembled into two parts. The internal vidicon structure attached

to the cathode was pulled apart from the second half, consisting of the length

of the envelope attached to the faceplate. Subsequently, the tubing was cut

circumferentially at the other end in the vicinity of the indium seal, leaving

the small second section comprising the small piece of glass tubing with the

faceplate and indium seal.

Diagnostic tests described in the following subsection were performed

on the various portions of the open vidicon. In order to examine the indium

seal, the faceplate section was cut into four 90 degree segments, using a

glass cutting wheel. Cross sections of the indium seal were thereby
obtained.
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6.5.2 Visual Examination of Grid 5 and Diagnosis of Its Failure

Analysis and thermal simulation tests, discussed in Section 6.4.4,

explained evaporation of the photoconductor and demonstrated a striking

similarity between the failure of the grid 5 mesh of the spare vidicon at

elevated temperatures and that of the Surveyor III vidicon. It was suggested

that exposure to the solar energy through the open shutter, coupled with the

deposition of the evaporated photoconductor on the grid, had precipitated the

failure of the Surveyor III vidicon grid. Diagnostic tests, discussed in this

section, were conducted on grid 5 mesh of the open vidicon to pinpoint the

specific causes and mechanism of failure. Specifically, the examination was

conducted to verify the hypothesis that the evaporated photoconductor

deposited on the grid weakened it and caused it to break under the thermal

cycling in the lunar environment.

Microscope and microprobe examinations were conducted on three

samples of the grid 5 mesh, shown in Figure 6-15, to obtain comparison

data:

l) Surveyor III vidicon

Z) Spare vidicon, previously exposed to 100°C for 140 hours

31 Spare vidicon from storage

Results of the microscopic examinations are evident from the

appearance of the three samples shown in Figure 6-15. The sizes are mag-

nified, but the three samples are sketched so that the approximate relative

dimensions are indicated. The grid elements of samples a and b are

virtually identical in appearance. They both, however, differ considerably

from the original vidicon grid wire of sample c in the following ways: the

cross section of the copper portion of the elements of both damaged grids

was much smaller, a thick layer of coating was present, and the thickest

part of this coating was in both samples a and b on the side facing the

vidicon faceplate. The thickness of the copper elements of samples a andb

was of the order of 1 micron. The corresponding thickness of the original

mesh elements, as indicated in Figure 6-15, was 2.5 microns.

To obtain further insight on the chemical composition and because of

the small dimensions involved, a microprobe investigation was conducted.

Microprobe measurements were made of the chemical composition of

sections inside the three copper elements and inside the two coatings. The

results obtained are summarized in Table 6-4. Other portions of the

samples were tested, including the surface of the elements. Results gen-

erally confirmed the findings shown in the table.
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TABLE 6-4. RESULTS OF MICROPROBE TESTS

OF SAMPLES OF GRID 5 MESH
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Composition in Percent

Sample a- Sample b- Spare Sample c-

Surveyor III Vidicon (Heated to Spare Vidicon

Vidicon 100°C for 140 hr) From Storage
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The following observations can be made from the data of Table 6-4:

l) Elements of samples a and b contain more oxygen and sulfur

than sample c. (Sample c has no sulfur. )

z) Coatings of samples a and b are similar in composition. Both

coatings have sulfur and selenium in them. In addition, both

coatings have a considerable amount of copper, presumably as

a result of migration from the grid mesh.

3) The ratio of selenium to sulfur in both coatings is about 2:i

(somewhat higher in the Surveyor III vidicon).

4) Oxygen content is approximately the same in the coating as in

the copper element of both samples. The oxygen content of the

Surveyor III vidicon sample is higher.

The similarity between the Surveyor III vidicon and the vidicon

exposed to high temperatures during the thermal simulation tests became

even more striking now than after the earlier visual examination. Presence

of sulfur and selenium in about the correct ratio virtually proved that the

source of the coating was the photoconductor. The photoconductor composi-

tion is normally about 75 percent selenium and 25 percent sulfur but varies

from batch to batch. Migration of copper into the coating accounted for the

decrease in the size of the copper elements of the mesh. Some evidence of

migration of some silver from the mesh into its coating, as noted in
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Table 6-4, also confirmed this process, because of the usual presence of
silver in copper.

The weakening of the mesh now became quite clear. Not only did
the elements get smaller as a result of the loss of copper to the coating, but
the migration of the sulfur into the mesh brought about additional weakening
by the corrosive reaction normally forming copper sulfides. Furthermore,
since the copper atoms are at a higher energy stage in the grain boundaries,
the reaction of copper with sulfur would be expected to be somewhat more
rapid in this region; this would exhibit itself as a further weakening of the
remaining grain boundaries in the copper. The result of this surface weaken-
ing, internal corrosion, and reduced core cross section was a very fragile
grid mesh, highly susceptible to failure during thermal cycling.

Even without thermal cycling, the fragile grid 5 mesh during the
thermal simulation tests had shattered. It would certainly be expected to
shatter on the lunar surface, particularly in view of the difference between
the thermal expansion coefficients of the weakened grid elements and that of
its acquired copper/selenium/sulfur coating. The fact that the grid ruptured
into a number of pieces which curled toward the thicker coating side is the
final proof of this mechanism of failure.

Thus, the mechanism of failure of the vidicon faceplate and grid 5 are
believed to be completely understood. Both failures are the result of sunlight
through the open shutter. Both are secondary in nature, and neither repre-
sents a potential degradation by the lunar environment of properly protected
and operated vidicons. This failure, however, emphasizes the importance
of inadvertent high radiant thermal inputs.

6.5.3 Tests of Indium Seal

The condition of the indium seal after its exposure to the lunar

environment and to the thermal cycling was of interest because of its potential

applications. It was already known that the internal pressure of the returned

vidicon was in the nominal range, so that the seal evidently had not failed.

However, it was of interest to determine the condition of the seal. It was

particularly desirable to know whether any part of the seal had melted at any

time during the lunar exposure.

Sections of the seal were available for examination from the section-

ing operation described above in Section 6.5.1. These sections were

examined microscopically, and results were compared with an examination

of the three following additional samples:

I) Indium seal on the spare vidicon, previously exposed to 100°C
for 140 hours

2) Indium seal on a spare vidicon from storage

3) Indium seal on a spare vidicon, intentionally melted at

160°C and resolidified
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I
Results of the microscopic examination indicated that the Surveyor Ill

I indium seal and samples 1 and 2 looked identical; only sample 3 appeared
different. The indium seal sample 3, intentionally melted, showed a sig-

nificant change in appearance. The indium had been severely deformed

I while making the seal between the glass enclosure and the faceplate. Melt-ing of the seal apparently squeezed it out; subsequent cooling had pulled it

back. Results of this process could be seen during the microscopic

examination. On the other hand, the other samples, including the Surveyor Ill

I vidicon indium seal, retained the appearance of an unmelted sample.

It was concluded that no melting or other identifiable alterations of

I the indium seal had taken place during the lunar exposure.

6.5.4 Nesa Conductivity Measurements

I The final diagnostic test entailed measurement of the transmission

through the Nesa coating of the Surveyor vidicon as a function of wavelength.

This measurement was performed using a Beckman DK g spectrometer, with

i better than Z Results shown in 6-16. Alsoan accuracy percent. are Figure
plotted on this figure are comparison data obtained on two other Nesa coat-

ings, one of which was the coating of the spare vidicon which had undergone

I the thermal simulation exposure in the oven for 140 hours at 100°C. The
photoconductor had evaporated during this test, as noted previously. The

third sample was that taken from a spare vidicon from storage. To obtain

I comparative results, its photoconductor was removed prior to this testusing carbon disulphide.

80 r i I I -'',_R_V,O,CONFROMS,ORAGE--soRvEYoR,,,v.o.co. _i
g ,o / . _--- _

I
I _. / 0 I00 C FOR 140 hr

- /_ so

°° /
I

I

I
I

3O

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

WAVELENGTH, MICRONS

Figure 6-16. Optical Transmission Measurements of Nesa Coatings: Surveyor Ill
Vidicon and Two Spare Vidicons
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It is apparent from Figure 6-16 that the thermal exposure resulted in
a significant degradation of the transmission of the coating of the spare
vidicon over the entire spectru_ relative to the vidicon from storage.
Reduction in the order of 10 to 15 percent was noted in the infrared region
and as much as 30 percent in the visible region. The Nesa coating of the
Surveyor vidicon was also degraded relative to the vidicon from storage but
not as much as the thermally exposed spare vidicon. The above observation
should be qualified somewhat by recognition that the coatings may also have
differed somewhat originally.

Results of this test suggest that exposure to thermal radiation tends
to degrade the optical transmission characteristics of iNesa coatings and
lends additional evidence to the postulated mechanism of the secondary
failure of the Surveyor vidicon. It might be concluded from these results
that the Surveyor vidiconhad, perhaps, experienced a temperature and
temperature-duration history somewhat less severe than the 100°C for
140 hours to which the spare vidicon was subjected although the fact that the
Surveyor vidicon experienced its high temperatures somewhat more
intermittently and over a period of several years may influence this
conclus ion.

6.5.5 Other Diagnostic Tests

The original test plan included, as an option, examination of certain

elements of the dismantled vidiconin order to pinpoint the photoconductor

and grid 5 failure. It was planned to examine possible deposits of the photo-

conductor on the various electrodes, as well as pieces of the shattered

grid 5 mesh. The contemplated tests included visual, chemical, metallo-

graphic, and SEM measurements. It was decided not to conduct these tests

for several reasons. Results of analysis described above gave fairly con-

clusive evidence as to the mechanism of the failures. Retrieval of the

several grid pieces proved to be very difficult because of their extreme

fragility. It was felt that no further light would be shed by pursuing this

course of action.

Similarly, original plans to conduct a detailed examination of the

cathode for evidence of contamination, discoloration, erosion, and ion

damage were abandoned. Conduct of these tests would entail additional

laborious dismantling of the vidicon structure, and it was felt that the amount

of data obtainable would not justify the impact of this effort on program

schedule and funding.

Likewise, detailed checks of the tube geometry-- alignment and

spacing of its elements, and microscopic examination of the getter--were
not conducted. Results of functional tests verified that this portion of the

vidicon appeared to be nominal. It was felt that the preliminary results

obtained during the visual examination, which confirmed this, were adequate.
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7. ELECTRICAL COMPONENTS TESTS

7. i SCOPE AND GENERAL TEST PLAN

The electrical components of the TV camera--resistors, capacitors,

diodes, and transistors --were tested with the primary objective of deter-

mining the effects of their long-term exposure to the lunar environment.

Components tested were selected on the basis of their importance for future

design applications. Analysis was directed toward determining electrical

performance and detecting mechanical and structural changes. Mechanical

discrepancies, changes in electrical characteristics relative to data avail-

able from earlier records, and component failures received special atten-

tion to identify specific causes.

Component testing was conducted in two distinct categories for two

distinct reasons: routine examination of selected samples and specific

analysis of failed components. This section of the report is concerned almost

entirely with the former. The latter is treated separately in Section IZ as

part of the failure analysis work on the program.

Table 7-i shows the number of types and quantities of electrical

components of the TV camera. Since it was impractical and not particularly

useful to subject all of these to tests, a selection was made of a subset of

these numbers. The types and quantities selected for testing are also shown
in Table 7-1.

Selection of types of components to be tested was made on the basis

of the relevance of the types to current technology and future applications.

A complete list of all the components was made, and priorities were

assigned in close coordination with the customer. An initial selection was

made on the basis of these priorities on the rationale that it was more

desirable within funding constraints to examine and analyze a smaller but

useful set of components rather than to try to test more superficially all

or samples of all types. The list of all types, and a brief discussion of the

priorities, is presented in Appendix H.
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TABLE 7-I. TYPES AND QUANTITIES OF ELECTRICAL COMPONENTS

Total in Camera Selected for Testing

Total Total
Components Number of Types Quantity Number of Types Quantity

Resistors 11 781 5 116

Capacitors

Diodes

Transistors

Total

15

18

49

139

350

242

1512

6

22

59

55

47

276

A final selection of types to be tested was made by modifying the list

to account for the fact that, in some cases, component types which nominally

differed in part number designation were essentially similar from the stand-

point of construction and fabrication technique. An adequate assessment
of the effects of lunar exposure could be obtained for such a class of parts

by examining only several, not necessarily all, of these types.

Selection of the quantities to be tested for each type was based on

several criteria. One was the location of the components on the various

chassis. As mentioned in Section 4. Z, the Circuit Test Plan and the Com-

ponent Test Plan were developed on a coordinated basis. Whenever possi-

ble, similar components were selected for comparison, both from the

chassis which had undergone circuit tests and from the chassis which were

left intact. Another basis for selection was the outcome of preliminary

survey. All chassis were visually inspected with great care, and passive

checks were conducted whenever possible prior to disassembly and com-

ponent level tests. Those components which exhibited anomalous appearance

or behavior were assigned high priority for subsequent testing. Still another

criterion was the ease of removal. In some cases, removal could--or

did in isolated cases -- result in partial damage. In such cases, a sin_ilar,

but more easily accessible and removable component was selected. Finally,

the number of parts tested was constrained by customer direction that half

of all the components and other critical parts be preserved for scientific

and second-generation tests.
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Tests of selected samples were conducted in three consecutive

phases on successively smaller subsets. These phases were:

Preliminary examination- visual inspection and basic
functional check

Nondestructive tests --detailed electrical performance tests,

mechanical tests, and environmental tests as applicable

Destructive tests --dissection and diagnostic internal

examination

During the first phase, each component was visually examined for

changes such as discoloration, deformation, or cracking, and its basic

electrical parameters were measured. This was accomplished by discon-

necting essential leads, preferably without removing the component from the

chassis. This examination was conducted on a large number of components--

on the order of i000. Electrical tests conducted during this phase were

limited to those necessary to establish the basic condition of the component.

Examples of such tests were ohmic resistance, capacitance, leakage cur-

rent, dissipation factor, and breakdown voltage.

Selected samples of components examined during this initial phase
were then subjected to detailed testing. Detailed procedures were prepared

for these tests, starting with a preliminary format shown in Appendix H.

A flexible approach was adopted to stress investigation of those perfor-

mance parameters which would reveal most conclusively effects of lunar

exposure. Actual conduct of tests was guided by results of initial examina-

tion. Parts that exhibited mechanical or electrical changes were processed

differently from those which appeared to have been unaffected.

The final phase was conducted on a still smaller subset of samples

tested above. Selected components were dissected and examined--those

which were of particular interest because of specific findings as well as

those routinely chosen as representative. A variety of techniques were

employed, as applicable, including SEM, metallographic, and spectrographic

analysis, to probe for specific changes, and to establish specific environ-

mental factors instrumental in producing observed effects. This destructive

diagnostic phase of testing was closely coordinated with the materials test

program, reported in Section I0, and overlapped to some extent the corres-

ponding effort related to the analysis of specific failed components, reported
in Section 17.

The succeeding subsections summarize the tests and results obtained

for each type of electrical component tested. Appendix H contains additional

detailed information on the test plan followed and specific results obtained.
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7.2 RESISTOR TESTS

A summary of the tests of the 116 resistors indicated in Table 7-i is

presented here. The five types of resistors, quantities tested, and param-

eters measured are summarized in Table 7-Z. The summary of findings,

presented below, is supplemented by additional discussion in Appendix H.

Part removal required particular care in cutting away the epoxy

coating and bonding materials with X-acto knives and, on occasion, employ-

ing an epoxy stripper. Considerable difficulty was experienced in removing

glass packaged resistors which were bonded to circuit boards. Where the

parts were bonded to metal surfaces, removal was much easier. A detailed

visual examination was conducted immediately upon removal of the parts.

Several of the parts were found to be cracked; with few exceptions, these

cracks were primarily in the glass envelopes and are believed to be asso-

ciated with the conformal coating. ;:_Some of these cracks may have been

incurred in the removal process. Except for components which were found

to have failed, these cracks did not affect subsequent readings. A detailed

discussion of the cracks and of the failed components is given in Section IZ.

7.2. 1 Carbon Composition Resistors

Fifty-three carbon composition resistors, ranging in resistance

value from 51 ohms to 10 megohms, were checked on the chassis for their

ohmic resistance. Of the 53 resistors, the 10 removed from the chassis

ranged from 510 ohms to i0 megohms. Ohmic resistance values, measured

on and off the chassis, as well as noise measurements of the i0 removed

resistors, showed good correlation with past data and no deviation from

specifications.

Resistance versus temperature measurements were conducted on the

ten resistors. Excellent temperature retrace characteristics were obtained.

Figure 7-1, plotted for a 1.5 megohm resistor in the middle of the range of

resistors tested, illustrates the results. Additional curves are presented

in Appendix H.

Results of impedance versus frequency measurements for three

resistors are shown in Figure 7-Z. All results were nominal, as illus-

trated by a control curve drawn for comparison for a new Z0 kilohm resistor.

As noted previously, similar cracking was observed after prelaunch

thermal vacuum tests.
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Internal examination was conducted on a 510 ohm and on a 1.5 megohm
carbon composition resistor, respectively, as well as on new similar resis-

tors for comparison. No evidence of voids, cavities, or unusual changes in

grain structure were observed. As an example, Figure 7-3 shows photographs
taken with Z00X magnification of a section of the 1.5 megohm resistor from

the Surveyor camera and from the control sample, respectively. No differ-

ences in appearance are noted. These results correlate with the absence of

discrepancies in functional measurements.

7.2. Z Carbon Film Resistors

Fifty-eight glass-enclosed carbon film Texas Instruments resistors,

similar in construction to metal film resistors, were checked on the chassis

for their ohmic resistance. The value of their resistance ranged from

51 ohms to 93.8 kilohms. Seven of these resistors were rechecked after

removal from the chassis. Changes in the resistances relative to original

Surveyor data were well within design tolerances and the allowable long-term

drift. The range was within +0. 13 and -0.44 percent, with the exception of

one 51 ohm resistor which decreased by 1.4 percent. This latter value could

be attributed to a degree to the accuracy of the test method used for measure-
ments of smaller resistances.

Noise measurements performed on the seven ren_oved resistors

correlated extremely well with original data. Results of resistance versus

temperature, summarized in Figure 7-4, also indicate good correlation

with expected characteristics. Low resistance temperatures follow the

expected temperature coefficient curve of the 250 ppm plot, while the

93 kilohn_ components approach that of the 500 ppm.

Results of impedance versus frequency measuren_ents, performed

on the Hewlett-Packard 4815 vector impedance meter, are shown in

Figure 7-5. A plot of a Mepco FHI0 i00 kilohm glass-enclosed n_etal film

resistor is also presented for comparison. Results are considered nominal:

apparently, there have been no abnormal changes in the carbon film struc-

ture and no changes in the core structure that would alter the distributed

capacitance.

Two carbon film resistors were dissected and examined under a

microscope at a magnification of 30X. As discussed further in Appendix H,
no significant changes were noted.

7.g. 3 Power Wire-Wound Resistors

The two Sage Electronics power resistors, wire-wound on alumina
substrates, were checked for ohmic resistance on the chassis and then

removed for resistance-temperature measurements and diagnostic testing.
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a) New Sample (Control) (Photo 00545-93) 

b) Surveyor I l l  Camera Resistor (Photo 00545-94) 

Figure 7-3. Metallographic Section of 
1.5 Megohm Carbon Composition 
Resistors (200X Magnification) 
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The small number of samples available somewhat limits the conclusions

that can be drawn from the tests. Ohmic resistance changed - 1.9 percent

for the IZ00 ohm components and -0.9 percent for the Z0 ohm components.

The resistance-temperature coefficient was measured to be under 4 ppm/°C,

indicating that no abnormal stresses or strains were developed in the wires.

While some of the changes in ohmic resistance may be attributed to instru-

mentation differences, calibration, and operator performance, and while at

least part of the difference on the 20 ohm resistor can be attributed to errors

associated with lead and contact resistances, the observed resistance changes

are greater by at least a factor of 2 than would normally be expected for

temperature cycling in the conventional specification range of-55 ° to +IZ5°C.

It can therefore be reasonably concluded that some additional change has

been effected by prolonged exposure to the lunar environment.

To investigate the effects of the lunar exposure more thoroughly,

the two resistors were examined more closely by stripping off the silicone

coating and microscopically inspecting the wires for unusual stresses. The

windings were found to be uniform, with some slack at each end. There

was no evidence that strains had been induced in the wires in the original

assembly. Resistance readings of the stripped units were essentially

unchanged relative to previous readings, indicating that shunt resistance
was not a factor.

Results obtained cannot be readily extrapolated to larger resistance

values although, if the conjectured effect of the lunar environment is, indeed,

valid, similar higher resistance components would be expected to change

by a relatively larger amount because of the smaller wire diameters used

in their construction.

7. Z.4 Platinum Resistance Thermometer

The platinum resistance thermometer is a Rosemount ]Engineering

Type 118 surface temperature sensor shaped like a postage stamp 0.5 inch

square and 0. i inch thick. The thermometer uses strain-free platinum

wire for its resistance element. This component was not expected to be

affected by the lunar environment since it was designed to measure temper-

atures as low as those of liquid nitrogen.

The two resistors were checked on the chassis and removed, but

only one was further tested for its temperature characteristic and subse-

quently opened for analysis. Past calibration data were available for com-

parison for this selected resistor; calibration data could be obtained from

the manufacturer for the other resistor. The significant measurement was

the precise temperature calibration characteristic of this component con-

ducted in the Hughes Certified Primary Standards Laboratory. Resistance

was measured at four temperatures: reference ice point (0°C), liquid nitro-

gen, carbon dioxide freezing point, and steam. Results of these measure-

ments and comparison with original calibration data are summarized in

7-Ii



TABLE 7-3. RESISTANCE VERSUS TEMPERATURE CHARACTERISTICS
OF PLATINUM RESISTANCE THERMOMETER

I

I
Apparent Changes in

Measured Values Original Calibration Data Calibration Characteristics

Equivalent Apparent
Temperature Equivalent
for Measured Error in

Temperature, °C Resistance, ohms Temperature, °C Resistance, ohms Resistance, °C Temperature, °C

- 195.70 97. 286 -195.48 +0.22

-85.34

0.00

100.37

328.985

502.134

699.319

-196

-195

-86

-85

1.00

0.00

99

100,00

96.2440

98.4037

327.8607

329.9193

500.4542

502.4580

697.9151

699.8600

-85.45

-0. 16

99.73

-0.11

-0.16

-0.64

Original temperature coefficient 0. 39287
Measured temperature coefficient 0. 39124
Percent reduction 0.4

I

I
I

I

I
I
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Table 7-3. The observed changes in resistance values relative to the

original calibration data are translated, by interpolation of the original

data, into equivalent apparent temperature changes. Table 7-3 also includes

the original value of the resistance-temperature coefficient, cL, and its

apparent change.

Results indicate that the calibration has changed although the resis-

tance thermometer still meets the initial specifications. Vfhile this change

is totally insignificant for Surveyor application, it was considered important

to analyze it further because of the applicability of lunar environment effects

on precision temperature measurement devices for future applications.

Resistance apparently decreased at higher temperatures. The temperature

coefficient calculated at the reference temperature of 0°C also decreased

in value.

Internal examination revealed some deformation in the coils, but

the results were not conclusive. The deformation was made in original

manufacture. No definitive explanation could be found for the apparent

change in resistance and temperature coefficient. Further details are

given in Appendix H.

7. 2.5 Precision Vfire-V_ound Resistors

One of the two precision wire-wound resistors of the TV camera

was examined. The second resistor was buried in an encapsulated module

and could not be removed. The resistor tested was a plastic-encapsulated

Daven Electronics 1/8 watt resistor, wound on an epoxy bobbin, similar to

the RBR type.

The resistance measurements on the chassis correlated perfectly

with original data. Subsequent off-chassis measurements indicated a small

change of -0.015 percent. Resistance versus temperature characteristics

was measured, and the results plotted in Figure 7-6 shows that the varia-

tion is on the order of 7 ppm/°C at high temperatures and essentially zero

at low temperatures. This result is well within specifications.

Both the resistance and temperature variation measurements show

excellent correlation with original data. This indicates that no excessive

stresses were applied to the wire during its exposure to the lunar environ-

ment. It was therefore decided not to subject this component to any further

diagnostic testing.

7. 3 CAPACITOR TESTS

A summary of tests of the 59 capacitors indicated in Table 7-i is

presented here. The four types of capacitors, quantities tested, and param-
eters measured are summarized in Table 7-4. An additional discussion of
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the diagnostic tests of the tantalum capacitors is given in Appendix H. This

section does not include the discussion of one failed solid tantalum capacitor,
treated in Section 12.

7. 3.1 Solid Tantalum Capacitors

Thirty-eight solid electrolyte tantalum capacitors were measured

on the chassis. These capacitors are hermetically sealed in cylindrical

metal cases with glass end seals. The capacitors tested cover the range
from 0. 1 to I00 microfarads.

Chassis tests included room temperature measurements of the

capacitance and the dissipation factor, and leakage current measurements

at low voltage. The latter were conducted merely to observe radical changes

without inducing scintillation effects or changes in the dielectric structure.

Subsequently, more precise measurements of leakage current were per-

formed on selected removed components, including examination of scintilla-

tion, as discussed below.

Results of measurements on the chassis were considered nominal.

The values were well within specification limits. Dissipation factors were

well grouped for parts with similar capacitance and voltage ratings. Capa-

citance values increased for 14 units, decreased for 17 units, and were

unchanged for 4 units; past data were not available for 3 units. The change

in capacitance ranged from -0.Z8 to a maximum of +4. 1 percent. No major

anomalies were noted in leakage current measurements, with the exception

of the shorted tantalum capacitor, identified during chassis tests and dis-

cussed separately in Section 12.

The seven capacitors listed in Table 7-5 were removed from the

chassis for more detailed functional examination. The parts selected

covered the entire range of values and included components which had

evidenced largest capacitance changes during chassis tests. Retest of

capacitance and dissipation factors showed no changes with respect to
measurements on the chassis.

Two functional tests were conducted to establish the general condi-

tion of the manganese dioxide-carbon-silver-solder structure of seven

capacitors: dissipation factor (Df) versus frequency and equivalent series

resistance (ESR) versus frequency. The former is a low frequency test,

while the latter is performed in the 0. 1 to 1 MHz range. The dissipation

factor is plotted as a function of the susceptance of the capacitor (00C) in

Figure 7-7. Also listed in this figure are the calculated values of the

approximate equivalent series ohmic resistance, which is the slope of these

lines. This equivalent resistance represents the ohmic equivalent for the

structure in series with the dielectric in this frequency range. Results

appear to be nominal.

I
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Figure 7-8. Leakage Current Versus Temperature of Tantalum Capacitors
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Measurements of ESR versus frequency were performed on the

seven capacitors on a Z60A Q-meter. Results agreed reasonably well with

published data and with the values obtained from the dissipation factor

measurements. The ERS test lacks resolution and can be used only for an

approximate evaluation of the component or for comparison purposes.

A voltage breakdown test was then conducted on the seven components.

A I0,000 ohm resistor was placed in series with each capacitor, and voltage

was increased in 10 percent increments up to the burnin voltage (130 percent

of breakdown voltage). Each voltage was maintained for 1 minute, and an

oscilloscope across the series resistor was used to observe the scintillation

of the capacitor. Four of the seven units indicated some scintillation, while

three showed none, but a healing was observed upon reduction of the voltage

to below rated values. A rerun of the ESR versus frequency test was then

conducted to determine whether the breakdown test had resulted in any

changes in the dielectric or damage to the conductance paths. Results

were nominal, indicating that no changes had taken place.

Leakage current measurements were then conducted on the seven

capacitors at full rated voltage over the temperature range from -55 ° to

+85°C. Results are plotted in Figure 7-8a for samples A and B, rated at

50 volts, and in Figure 7-8b for samples C through G, having the lower

voltage ratings. The leakage current ordinates on Figures 7-8a and b differ

by a factor of I000.

Two major effects were noted, as summarized in Table 7-5: Two

of the 47 microfarad capacitors exhibited high leakage. Sample D exceeded

specifications by a factor of 2. The leakage current of sample C, while

within specification by a factor of i0 was considerably higher than expected.

Leakage currents for the two I00 microfarad capacitors, samples F and G,

were also somewhat higher than expected. The second effect was the

unexpectedly high slope of the leakage current versus temperature curves

for the two 47 microfarad capacitors, samples C and D, which exhibited

the high leakage current. One of the 50 volt capacitors, sample B, also

appeared to have a high slope. The slopes of all other samples compared

favorably with that of a typical tantalum capacitor.

In an attempt to explain apparent anomalies, further diagnostic tests

were conducted on two capacitors, samples D and E. These two samples

were from the 47 microfarad group which exhibited anomalous behavior;

sample D had the excessive current and high slope, while sample E was

normal in both respects. A more detailed discussion of the diagnostic tests

and suspected effects of the lunar environment is given in Appendix H. The

major difference between the parts noted was that the low leakage sample E

also had been manufactured with a somewhat higher forming voltage:

140 volts versus 130 volts for sample D, as noted in Table 7-5. No evidence
-"-_:_:^_ of _ °u _#_ _ _;_h_ _nort_ wa._ observed
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The conclusion that can be drawn from these tests is that the lunar
environment had a definite effect on the dielectric of these capacitors. Low
temperatures and temperature cycling degraded the dielectric by producing
additional defect sites and crystalline regions in the amorphous tantalum
pentoxide. This resulted in higher leakage, steeper increase of leakage
with temperature, and lower breakdown voltage for some capacitors. Sub-
sequent exposure to nominal voltages (on the moon or during the current
test program) caused excessive scintillations; associated higher surge cur-
rents aggravated the affected regions of the dielectric, resulting in higher
leakage currents. The total failure of one of the capacitors, analyzed
separately in Section iZ, and which exhibited a similar failure mechanism
in a more pronounced fashion, further supports these conclusions.

It is suggested that manufacturing techniques of solid tantalum
capacitors may have an impact on the extent to which these components
are susceptible to the effects of the lunar environment. The fact that the
capacitors which had a higher forming voltage employed in their manufac-
ture were apparently less susceptible to degradation tends to support this
although, admittedly, the number of samples available for drawing this
conclusion was very limited here.

It is noteworthy that addition of a series-limiting resistor in circuit
applications, whenever possible, would limit the surge currents during
scintillation in dielectrics which might have been degraded by the lunar
environment and would thus tend to minimize the enhancement and the
effects of such degradations.

7. 3.2 Metallized Paper-Mylar Capacitors

Thirteen metallized paper-mylar Sprague capacitors, ranging in

value from 0.03 to 6 microfarads, were tested on the chassis for capaci-

tance and dissipation factor. These capacitors are tubular units in metallic

cases. Results indicated nominal dissipation factor and a decrease in

capacitance ranging from -0.5 to -3.3 percent relative to prelaunch data.

Six of the capacitors were then removed for the functional tests

indicated in Table 7-4. Externally, the components appeared undamaged.

The end seals and soldered joints had no cracking or separation. Capaci-

tance and dissipation factor measurements were repeated with the same

results.

The insulation resistance was then measured at i0 percent of rated

voltage at -55 ° , Z5 °, and IZ5°C with nominal results. ESR was measured

on a Z60A Q-meter at frequencies of 50, 100, 500, and i000 kHz with

nominal results. The capacitors were then subjected to a dielectric pulse

voltage breakdown test similar to that described in Section 7. 3. i for the

tantalum capacitors. Each step of this test consisted of the application of

voltage for 1 minute and monitoring for dielectric breakdown with an

7-20
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oscilloscope across a resistor inserted in series with capacitor. The test

was started at i0 percent of rated voltage and increased in I0 percent

increments until the burnin voltage level was reached, equal to 140 percent

of the dc rating of the capacitor. Four of the six units exhibited dielectric

breakdowns. The insulation test at i0 percent of rated voltage was then

repeated. The results at IZ5°C were identical with those obtained earlier,

while the Z5°C insulation resistance showed general improvement.

The apparent decrease of capacitance and the evidence of the dielec-

tric breakdowns observed above supported the decision to subject two of the

six units to further diagnostic tests. As indicated in Table 7-6, one of

these components had exhibited dielectric breakdowns, while the other did

not. The units were disassembled by peeling off the cases. Internally,

there was no evidence of damage or degradation. The sections were tightly

wound with no indications of separation. The pigtails were still firmly
attached. The sections were then unwound and the metallization examined.

It was uniform with no irregularities, streaking, or splotching. There were

no wrinkles in the dielectric that might be attributable to temperature cycling.

As indicated in Table 7-6, signs of eight dielectric failures were

observed in the 6 microfarad units which had exhibited breakdowns in earlier

testing, while no dielectric failures were observed in the other unit. The

difference in construction, noted in Table 7-6, may readily account for this

since a single layer dielectric was used for the lower voltage capacitor which
had the traces of breakdowns.

It is concluded with reasonable assurance that the lunar environment

did not significantly cause any degradation of the paper-mylar capacitors

tested. Internal examination did not reveal any anomalies.

TABLE 7-6. DIAGNOSTIC TESTS OF METALLIZED

PAPE R-MYLAR CAPA CITORS

I
I

I

I

Capacitor

Rating

6 microfarads,

ZOO volts

1 microfarad,

400 volts

Construction

Single layer

dielectric

Dual layer

dielectric

Results of Dielectric

Strength Tests

Dielectric breakdown

No breakdown

Number of

Dielectric Failures

Found in

Internal Inspection

8

None

I

I

I
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TABLE 7-7. RESULTS OF IViEASUREIVIENTS OF CAPACITANCE

OF GLASS AND MICA CAPACITORS I

Capacitors Measured Capacitance,

picofarads I
ne .t Rating, [

Lti ,n picofarads I On-Chassis Off-Chassis ] Prelaunch Test Records, picofarads

A ] 3300 1 3Z87 ] 3Z87 1 3310 I

o I [ i I
_ i_oooi _o_t _o_i _o_o I
o i _oi _ b _ ; _.o
_ i_oooL _ i _ h _ I
° I_°°°I _L I __
_ i_oooi _4i t _ I

j _ol _i _ _ I

i- 0.7 ..... f o I

Z. I m M/_XIMUM'ALLOWABLE ON SURVEYOR j O

0 6" (50 PART PER MILLION PER OC) -- _

-- -- MANUFACTURING SPECIFICATION LIMIT , f j

O. 0.5 • (70 PART PER MILLION PER Oc) ----'7 /" ro i

3 0.4 .m_--_ SAMPLE A (3300p) " _- _,-_.,-

^_ _-_ SAMPLE B (6800pf) _ _ /- - /

> ".o //I" I"

% °-_ , , ___j- .1/
o.1

Component

Type Designation

Mica

Glass

-0.4

-0.5

O
-0.6

a.

o -0.7

//
/

-60 -40 -20 0 20 40 60 80 100 120

TEMPERATURE, °C

Figure7-9. CapacitanceVersusTemperatureof Dipped MicaCapacitors
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The dielectric breakdown tests indicated that some degradation

takes place with time, as might be expected. The capacitors tend to

develop clear areas, the size of which depend upon the applied voltage; it

is reasonable to expect that, after prolonged exposure to a low voltage,

additional breakdowns will occur upon the application of a higher voltage.

The findings during dielectric strength measurements would probably be

similar if the parts had been stored on earth for a like period of time.

The improvement in insulation resistance at room temperature

after the breakdown tests, without a corresponding improvement at high

temperatures, is probably merely indicative of a low magnitude surface

leakage, which was improved by the dielectric clearing. This effect is

proportionately less significant at higher temperatures.

The changes in capacitance, which is in the same direction for all

components tested, cannot be readily attributed to the lunar environment

in view of the fact that no separation of the windings was noted in the two

open units. This change may be partly due to instrumentation differences.

However, the magnitude of this change, which in some cases is as high as

3 percent, cannot be explained. While the specification is 5 percent, a

change no greater than l-i/Z to Z percent would normally be expected on

units which have been maintained on a shelf for this length of time.

7. 3.3 Glass and Mica Capacitors

Two dipped-case mica capacitors and six glass dielectric capacitors

were tested on the chassis for capacitance and dissipation factors although

the latter parameter was only measured crudely because of access and

instrumentation limitations. Subsequently, three of the six glass capacitors

and both mica capacitors were removed for the off-chassis tests listed in
Table 7-4.

The results of the capacitance tests, both on and off the chassis, are

summarized in Table 7-7. All capacitors are rated at 5 percent. Results

appeared to be reasonably nominal. The -0.7 percent change of mica

capacitor A is not of particular significance. The differences between the

original and latest measurements of the glass capacitors are undoubtedly

due to the fact that these original tests were performed at i kHz, as stipu-

lated in the receiving inspection, while the present measurements were
made at 1 MHz.

The following measurements were then conducted:

Capacitance versus temperature for the mica capacitors,

plotted in Figure 7-9

_apaclta_c_ Q versus _^_

(Figure 7-i0)
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3) Insulation resistance at rated voltage versus temperature for

mica capacitors (Figure 7-11)

4) Insulation resistance at rated voltage versus temperature for

glass capacitors (Figure 7-1Z)

The dissipation factor of the mica capacitors was also measured and found

nominal. ESR measurements were made for both the mica and the glass

capacitors at i, 5, I0, and Z0 MHz, and no unusual conditions were noted.

Results of these tests appear nominal, with the exception of the 3300 pico-

farad mica capacitor, which exhibited an excessively low insulation resis-

tanoe at high temperatures; its dissipation factor at high temperatures was

also outside specification limits.

Visual external examination of the mica capacitors disclosed no

fracturing of the coating, which would be indicative of delamination or of

fracturing of the mica sheets. Similarly, the glass capacitors appeared

normal on visual examination.

The 3300 picofarad mica capacitor and two glass capacitors were

then subjected to m[crosectioning and diagnostic examination. The mica

capacitor showed no evidence of delamination, fracturing, voids, or other

abnormalities that might have accounted for the observed low value of

insulation resistance at high temperatures. The glass capacitors had voids

within the dielectric, but these appeared not related in any way to lunar

exposure. No dielectric fracturing of the glass was observed.

It is concluded that the lunar environment had virtually no effect

on the glass and mica capacitors. The low value of the insulation resistance

of the 3300 picofarad mica capacitor at high temperatures probably existed

prior to launch since only room temperature measurements are performed

during receiving inspection at Hughes and since only statistically selected

samples are checked at high temperature by the manufacturer. Degradation

of insulation resistance by the lunar environment, if any, would more likely

occur on the higher capacitance mica component having a larger dielectric

surface (sample B in Table 7-7). It is significant that this mica capacitor

showed no degradation.

7.4 DIODE TESTS

A summary of tests of the 55 diodes, indicated in Table 7-1, is

presented here. The seven types of diodes, quantities tested, and param-
eters measured are summarized in Table 7-8. Tests and analysis of two

additional diodes which had failed are presented in Section iZ.
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Six types of diodes tested, that is, all except the SCR diodes, were

contained in glass envelopes. As in the case of resistors, many cracks

observed were believed to be associated with the thermal expansion mis-

match between glass and the conformal coating. Except for the two failed

diodes whose glass envelopes were also found cracked, in no instance were

the diode parameters noticeably affected by the cracks in their envelopes.

In all, 28 cracked envelopes were noted, including those of the two failed

diodes. Some of these cracks were noted earlier in the inspection preceding

circuit tests. Others were observed during the visual inspection of over

200 diodes prior to the initiation of tests of the selected 55 parts. Not all

of the cracked envelope diodes were functionally tested as part of the program

described below. Some were of the type not included in the test plan. Others

could not be easily removed without destroying their properties. However,

a substantial part of the Z6 cracked envelopes is included in the 55 parts

tested. For example, the original planned number of 20 high-speed IN3070

switching diodes was intentionally increased to Z5, as seen in Table 7-8,

to include an additional 5 cracked envelope diodes.

Chassis tests were performed on all 55 parts, consisting primarily

of forward voltage and reverse leakage current measurements to assess

the basic integrity of these components. The quantities of diode switches

(type IN3730) and zener voltage regulators (IN754A) tested were lower

than previously planned because of accessibility problems. A selected

number of parts, as indicated in Table 7-8, were then removed from the

chassis for detailed functional testing. Results of these tests were compared,

whenever possible, with original inspection data. These original data

were available, for the most part, just for the forward voltage and reverse

leakage current values; only in selected instances were original data avail-

able for some of the other parameters. In all cases, a reasonably adequate

assessment of lunar environment effects could be made by comparison with

specification values. Any significant effects of the lunar environment would

normally be expected to manifest a pronounced shift in the characteristics

of these types of devices.

As indicated in Table 7-8, only 3 parts were opened for diagnostic

testing, compared with the original plan, which contained some diagnostic

tests of iZ parts. This reduc£ion was made following the completion of

the functional performance tests because it was found that virtually no sig-

nificant changes in the characteristics of the parts tested were brought

about by their exposure to the lunar environment.

Highlights of the data obtained are summarized in the following sub-

sections. Details are recorded in the Program Log Books.

7-Z7



TABLE 7-9. FUNCTIONAL TESTS OF HIGH SPEED SWITCHING DIODES IN3070

Parameter

Sym-

bol Spec

* Unit Value

V F Millivolt s 1000 {max)

IR Nano- 100 (max)
amperes

C Pico- 5 (max)

farads

B V Volts ZOO (rain)

trr Nano- 50 (max)
seconds

Comparison Data
Test Results

Original

Receiving

Inspection Data

(Range of Values)

887 to 912

22 to 24

Not measured

Not n]easured

Not measured

Tests on Chassis**

(Range of Values)
Parts Not Parts Later

Removed

851 to 927

24 to 32

Not tested

Not tested

Not tested

Removed

883 to 887

24 to 27

Not tested

Not tested

Not tested

Tests of

Removed Parts

(Range of Values)

881 to 888

fil to 25

1.07 to 1.22

264 to 299

29 to 32

Test

Conditions

IF = I00 ma

V R = 175 volts

f = 1 MHz

I R = -100
micro-

ar_ipe res

IF = 30 ma

R L = 100 ohms

I R =-35 ma

I

I
I

I

I
I

I

I
I

I
I

*See Table 7-8. for explanation of nomenclature,

**Total of 25 parts tested on chassis; 3 removed.

7-Z8

***Not including higher leakage diode, which was

nominal after baking (see text).

I

I
I

I
I

I

I

I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

7.4. 1 High Speed Switching Diodes

The 25 components tested in this category were high speed, high

conductance diodes, manufactured by Fairchild, similar to type IN3070.

These diodes were manufactured by a planar process and were packaged

in a DO-7 glass envelope with conformal coating applied on the outside.

The tests conducted are summarized in Table 7-9, which also

includes specification limits and data available from past records. The

latter are available only for the specific components tested from receiving

inspection measurements. Only forward voltage and reverse leakage cur-

rent measurements were conducted at that time. The other parameters

were only measured on statistical samples, so that the only basis available

for component assessment are the specification values. Only ranges of

values measured are given in Table 7-9; detailed values for each of the

parts are available in program files. The column "Tests on Chassis"

lists separetely the range of values recorded for components tested but not

removed, and for components later removed for repetition of chassis tests

(and additional functional tests). Thus, a direct comparison is available

with the next column of the table, which gives results for the off-chassis

functional tests. This format is repeated throughout this subsection and

in Section 7. 5, Transistor Tests.

As evident from Table 7-9, results of chassis tests for the Z5 diodes

tested were nominal, with the exception of 1 diode, as discussed below,

which exhibited an excessive leakage current. The values recorded were

well within specifications, and the forward voltage measurement showed

a slight decrease from the original readings ranging from 1 to 3 percent.

The off-chassis tests of forward voltage and reverse leakage cur-

rent were virtually identical with those obtained on the chassis. The other

parameters tested, junction capacitance, breakdown voltage, and reverse

recovery time, were all nominal and well within specifications.

As noted above, an exception to these measurements was recorded

for a single diode. This diode was one of those found to have a cracked

glass envelope. Its leakage current measured 90 nanoamperes on the chassis

and ZOO off the chassis. All other parameters were nominal. The diode was

then baked for 24 hours at IZ5°C. Subsequently, the leakage current was

remeasured and found to be 33 nanoamperes. It was concluded that this part

had probably acquired some surface contamination through the crack, possibly

after its return from the lunar surface; this contamination was removed by

the baking process.

It should be noted that one other diode of this type not included in the

above analysis had been found with a cracked glass envelope and to have

failed (open). This failure is discussed in Section 12.

One of the parts was then subjected to diagnostic tests. The paint was

removed and a microscopic examination conducted. These tests disclosed

no anomalies.

7 -Z9



TABLE 7-I0. FUNCTIONAL TESTS OF SWITCHING DIODES IN3730

Parameter

Sym-
bol

* Unit

V F MIIli- 650to900
volts (n_ax)

(depending on

I F )

IR Nano- I00 (max)
an_peres

C P[co- 12 (n_ax)

farads

B v Volts 80 (nlin)

trr Nano- 75 (max)
seconds

MilIL- 1200 (max)
Vfr volta

**Total of 13

Comparison Data Test Results

Original
Receiving Tests of

Spec lnspectlon Data Removed Parts Test

Value (Range of Values) (Range Of Values) Conditlons

730 to 740 *_1'_1_ 755 to 746 _:'*':_ IF = 100 ma
or 750 ma

15 to 48

7.2to 7.3

Not measured

Not measured

Not n_easured

*See Table 7-8 for explanation of nomenclature,

parts tested on chassis; 2 removed.

Tests on Chassis**

(Range of Values)
Parts Not Parts Later

Removed Removed

785 to 893 ':":'_','e' 824 to 893"_':'_

11 to 39 14to 39

Not tested Not tested

Not tested Not tested

Not tested Not tested

Not tested Not tested

12 to 36

6.95 to 7.0

112 to 125

8to 13

I000

V R : -60 volts

V R = -9 volts
f = i MHz

I R = -100 micro-
ampe re s

V R = -5 volts

R L = 100 ohms

I F = 100 ma
(recovery

to 1 ma )

IF = 750 ma

f = I MHz

':"_"_At i F = 750 me,

$'_*¢ AtI F 100 me.

TABLE 7-ii. FUNCTIONAL TESTS OF ZENER VOLTAGE REFERENCE DIODES

Parameter

SYb_" Unit

Comparison Data Test Results

Tests on Chassis**

Spec Receiving Parts Not Parts Later Tests of Test
Value Inspection Data Removed Removed Removed Parts Conditions***

TYPE I-IN827 (250 row)

V Z Volts

I R MI c re-
amperes

Z z Ohms

5.9 to 6.5

Not a

requirement

15 (max)

Not available

Not measured

Not measured

I
NA ] 6. 42

NA ] 26

NA Not tested

TYPE 2-1NgZ8B (400 row)

6.42 IZ = 7.5 ma

Not tested V R = - 5 volts

14.1 ]IZ=7.5ma

I I = 0.75 ma

j ] ac (rms) -

V Z Volts 8.55 to 9.45

I R Micro- Not a
amperes requirement

Z z Ohms 20

9.26

Not measured

Not measured

NA

NA

NA

9, 37

2.5

Not tested

L37

qot tested

17.5

I Z = 7.5 ma

V R = -7. Z volts

I z = 7.5 ma

Iac ffi 0.75 ma
(rms)

*See Table 7-8 for explanation of nomenclature.

**Total of 2 parts tested on chassis; 2 removed (one of each type)

*** T = 25"C throughout
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7.4. 2 High Conductance Switching Diodes

The 14 components tested in this category were high conductance

switching diodes, manufactured by Raytheon, similar to type IN3730. These

diodes employed a diffused junction and were packaged in a DO-7 glass

envelope, with conformal coating applied on the outside.

The tests are summarized in Table 7-10. Original inspection data

were available on the forward voltage and reverse leaking currents, as well

as on the function capacitance. On-chassis tests are presented for only

13 of the 14 parts tested. One of the diodes was found to have an exceedingly

high reverse leakage current of 6.6 microamperes; this part was subjected

to a failure analysis, and results are discussed in Section IZ.

As seen from Table 7-i0, results of on-chassis tests were nominal.

Two of the diodes which n_easured the lowest and highest leakage current

were then removed for off-chassis tests. Results of the repetition of the

chassis measurements, and of the measurements of the junction capacitance,

breakdown voltage, reverse recovery time, and forward recovery voltage,

were nominal. The small differences in values can be accounted for by dif-

ferences in measurement techniques, test equipn_ent, and ambient

temperatures.

7.4. 3 Zener Voltage Reference Diodes

The two types of Zener voltage reference diodes tested were a

Z50 mw IN827 diode anda400 mw IN938B diode. Both diodes were manu-

factured by Motorola and packaged in a DO-7 glass envelope. The former

uses an alloy process, while the latter has a diffused junction. Only one of

each type was in the TV camera.

A sumn_ary of results of the on-chassis and off-chassis tests con-

ducted on these two parts is presented in Table 7-ii. All of these tests

were conducted at the nominal ambient temperature of 25°C. Original

inspection data were not available for the zener voltage of the 250 mw diode.

Leakage current requirements are not included in the specification, and

these measurements were not performed originally. In addition to zener

voltage and leakage current measurements on and off-chassis, the zener

impedance was measured after removal of the components. Results indicate

excellent correlation with past data, wherever available, and with specifica-

tions. Leakage current was Z6 and Z. 5 microamperes for the 250 and 400 mw

diodes, respectively, well within specifications.

Voltage versus temperature measurements were then conducted.

Results are plotted in Figure 7-13. Both diodes indicated excellent com-

pliance with specifications of 48 and 18 my, respectively, over the test

ten]perature range of from -60 ° to 100°C.
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TABLE 7-1Z. FUNCTIONAL TESTS OF ZENER VOLTAGE

DIODES IN754A

Parameter

Sym-
bol

* Unit

V z Volts

V z Volts

I R Nano-
amperes

C Pico-

farads

Comparison Data Test Results

Original

Receiving

Spec Inspection Data

Value (Range of Values)

6. 3 to 7.7

6. 2 (min)

I0 (max)

300 (max)

7.39 to 7. 65

7.29 and 7.42

2.6 to 9.5

Not measured

Tests on Chassis**

(Range of Values)
Parts Not Parts Later

Removed Removed

7.44 to 7,61 '.44 and 7.57

Not tested Not tested

3.2 to 6. g 3.2 and 6,8

Not tested Not tested

Tests of

Removed Parts

7.42 and 7.55

7.Z9 and 7.42

2.9 and 6.6

28.6 and 23.7

Test

Conditions***

I Z - 10 ma

I Z = Z00 micro-
amperes

V R = 4, 2 volts

V R = -4 volts

f = 1 MHz

*See Table 7- 8 for explanation of nomenclature.

**Total of I0 parts tested on chassis; 2 removed.

:::::::: T = Z5 °C throughout.
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7.4.4 Zener Voltage Regulator Diodes

The ten diodes tested in this group were 500 mw voltage regulator

zener diodes, similar to type IN754A, manufactured by Continental Devices

and Pacific Semiconductors. They employed a diffused junction and were

packaged in a DO-7 glass envelope with conforn_al coating applied on the

outside. A summary of the tests conducted is presented in Table 7-12.

Tests of the ten diodes on the chassis were followed by a repetition of chassis

tests and additional functional checks of two of these diodes subsequently

removed from the chassis. Reverse leakage current and zener voltage at a

current of i0 ma were measured on the chassis; the zener voltage was

measured off the chassis both at i0 ma and ZOO microamperes. The junction

capacitance was also measured on the two removed parts. Past data were

available for the leakage current and the zener voltages.

Excellent correlation with past data and with specifications was

observed. The high correlation of the reference regulator current and

zener voltage at i0 ma with original data is not directly evident in Table 7-12,

which only summarizes the range of original data for all ten parts. For the

two parts removed, the comparison was as follows:

Leakage current Z. 9 versus Z. 6 nano-

amperes originally and

6.6 versus 5.5 nano-

amperes orginally

Zener voltage at I0 ma 7.42 versus 7. 39 volts

originally and 7.55
versus 7.53 volts

originally

The maximum difference of 0.03 volt is well within the normal accuracies

of instrumentation and test conditions.

Zener voltage versus temperature characteristics were not measured

for this diode because it is not of the temperature-compensating type, as

were the two voltage reference diodes (Section 7.4.3). However, one of the

two diodes removed was examined diagnostically. The paint was removed

and a microscopic examination conducted. Some evidence was observed

of gold splatter. This obviously occurred during the manufacturing process

and is not attributable to effects of the lunar environment. Evidently, this

had no effect on the functional characteristics of the part.

7.4.5 High Voltage Diode Stack

The two high voltage diode stacks present in the camera were each

composed of six selected Fairchild FA 3075 diodes with diffused junctions,

individually packed in DO-7 glass envelopes. The entire assembly of each

diode stack was encapsulated.
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TABLE 7-13. FUNCTIONAL TESTS OF HIGH VOLTAGE DIODE STACK

Parameter

Sym-

bol

* Unit

V F Volts

I R Nano-

amperes

C Pico-

[a rada

B v Volts

trr Nano-
seconds

Comparison Data Test Results

Original

$pec Receiving Tests of Test

Value Inspection Data Removed Parts Conditions

6 (max)

1000 (max)

5 (max)

It00 (n_ln)

50 {max)

5.42 and 5. 38 NA

21 and Zl NA

Not measured NA

Not measured NA

Not measured NA

Tests On Chassis:> '=

Parts Not Parts Later

Removed Removed

5. Zl and 5. 16

2Z and 19

Not tested

Not tested

Not tested

5.20 and 5.17

15 and 13

0.81 and 0.83

1760 and 1780

45 and 45

I F = 100 ma

V R = -825 volts

VR=0

f = 1 MHz

lR = -I00 micro-

amperes

IR = -26 n]a,

R = I00 ohms

IF = 30 ma

(recovery

to 1 ma)

*See Table 7- 8 for explanation of nomenclature.

_*Total of 2 parts tested on chassis; 2 removed.

TABLE 7-14. FUNCTIONAL TESTS OF SILICON CONTROLLED

RECTIFIERS ZNI930

Comparison Data Test Results

Tests On Chassis _::e.:

Original

Spee Recelving Parts Not Parts Later Tests of Test

Value Inspection Data Removed Removed Removed Parts Conditions

l F : 1 ampere

Parameter

Sym-

bol

* Unit

V F MilK-
volts

I R Nano-

amperes

IF Nano-

(off) amperes

IGT Milli-

amperes

VG_ [ Volts

Ill Milli-

an_peres

dV Volts

"_- per

micro-

second

1250 (max)

1000 (max)

1000 (max)

1 to15

0.35 to Z. 0

I to 20

ZOO (mln)

Not available

Not available

Not measured

Not measured

Not measured

Not measured

Not measured

NA

NA

NA

NA

NA

NA

NA

856 and 863

IZ and ll

18 and 13

Not tested

Not tested

Not tested

Not tested

990 and 960

Ig and I0

I7 and II

5.0 and 5. I

0.84 and 0.67

ll.l and It. 5

_reater than

10,000

V R : -50 volts

VF(off) 5vo01t s

VF(off) =Svo0lt s

R L = Z000 ohms

WF(off) = 5vo01t s

R L ZOO0 ohms

Per llughes

spe_ ification

Per llughes

specification

*See Table 7-8 for explanation of nomenclature,

**Total of g parts tested on chassis; 2 removed.
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Both diode stacks were tested prior to and after their removal from
the electronic conversion unit. Results are summarized in Table 7-13.

Original receiving inspection data were available for the forward voltage and

reverse leakage current, which were measured on and off the chassis. The

other parameters: junction capacitance, breakdown voltage, and reverse

recovery time, measured off-chassis, had not been previously measured

during the original inspection. Results indicated excellent correlation with

past data and compliance with specifications. The differences were minor

and easily attributed to expected variations of instrumentation and test
conditions.

Inspection of the two parts revealed no evidence of fracturing of the

encapsulate nor any other effects of exposure to the lunar environment.

7.4.6 Silicon-Controlled Rectifier

Two of the four silicon-controlled rectifiers in the camera were

tested, both on the chassis and after their removal. These parts were

manufactured by Texas Instruments and are similar to type ZNI930. Results

are summarized in Table 7-14. Past data on the forward voltage and leakage

current could not be found in Surveyor files. Consequently, only a comparison

with specification values could be made.

The forward voltage, reference leakage current, and forward leakage

current under cutoff conditions were measured on the chassis. Upon removal

from the chassis, the above parameters were measured and the following

additional parameters checked under nominal test conditions (indicated [n

Table 7-14): turnon (gate)voltage, turnon (gate)current, minimum hold

current, and rate of change of forward voltage under cutoff conditions. As

seen from l_able 7-14, results were nominal in all respects, indicating that

no major effects were caused by the lunar environment. The apparent dif-

ference in forward voltage readings on and off the chassis is attributable

to the test technique. Access was difficult during the initial tests on the

chassis; and, undoubtedly, these measurements were subject to unavoidable

inaccuracies, as were those associated with lead and contact resistances.

One of the units was subsequently opened, and internal examination

was conducted. No anomalies were noted.

7. 5 TRANSISTOR TESTS

A summary of tests of the 47 transistors, indicated [n Table 7-1, is

presented here. The six types of transistors, quantities tested, and param-
eters measured are summarized in Table 7-15. All are silicon transistors.
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TABLE 7-15. TRANSISTOR TEST PLAN SUMMARY

Type Description

Gene ral-purpose

an_plifier s

e

NPN; 2N718A

PNP; 2N722

Tests Prior to Removal

From Chassis

High frequency transistor,

NPN; 2NZI9ZA

High voltage an_piifier,

NPN; 2N87 1

Power transistor,

NPN; 2N1936

Low noise amplifier,

NPN; 2N2586

Quantity

Tested

15

il

Pa ran]ete rs

Measured

VcE(sat)'

VBE(sat)' hFE

VCE(sat)'

VBE(sa t, hFE

I VCE(sat),

VBE(sat)'

16 VCE(sat),

VBE(sat)'

I VCE(sat),

VBE(sat)'

3

hF E

hFE

hFE

VCE(sat), (DC and

pulse), hFE

Nondestructive Tests of Removed

Transistors

Quantity

Tested Parameters Measured

VCE(sat)' VBE(sat)' hF E,

ICB O, IEB O, Cob, VCER(susl

VCE(sat)' VBE(sat)' hF E,

[CBO' IEBO' Cob'

VcEo(sus), (td + tr),

(t s + tf)

VCE(sat)' VBE(sat)' hF E,

ICBO' IEBO' Cob'

VcEo(sus), tr, t s, BVcE O

VCE(sat), VBE(sat)' hFE,

ICB O, IEB O, Cob,

VcEO(sus)

VCE(sat)' VBE(sat)' hF E,

IEB O, BVcE O, ICE V

VCE(sat ), hFE, IEB O,

[CEO' Cob' BVcEo'

Nf

Number of

Transistors

Examined

Inter nally_: -_

Legend:

hFE = dc gain

VCE(sat ) = collector-emitter saturation
voltage

VBE(sat ) = base-emitter saturation
vo ltag e

ICB O = collector-base current
(en]ltte r open)

IEB O = emitter-base current

(collector open)

ICE O = collector-emitter current
(base open)

Cob = collector to base output capacitance

= collector to en_itter sustaining
VcER(sus) voltage (with base resistor)

VcEO{sus)

t r

t
s

t d

tf

BVcE O

[CEV

Nf

= collector to emitter sustaining

voltage (base open)

= rise tinge

= storage time

= delay tinge

= fall time

=collector emitter breakdown

voltage (base open)

= collector emitter current (base

voltage applied)

= noise figure

*See Section 7.5. b for additional SEM data.

f

I

1

1

1
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Analysis of another NPN silicon power transistor, similar to

Fairchild ZN3891, for which a specified anomaly was suspected, is pre-

sented in Section 1Z. Another transistor, Sprague ZN859, which was found

to have failed (open) but was not analyzed because of its obsolete alloy-type

design, is also discussed in Section iZ. The original test plan included

PNP ZNZ907A high frequency silicon transistors, but these were deleted

when it was discovered that they were not incorporated in the TV camera.

These transistors were used in later Surveyor cameras, replacing similar

alloy-type transistors. This error in the Surveyor III camera records was

found when the alloy construction was uncovered in X-ray tests.

Initial visual survey was conducted on the chassis of about i00 tran-

sistors of various types, including samples of the six types discussed below.

Tests were then conducted on the chassis on the 47 transistors. These

tests consisted primarily of measurements of the forward gain and of the

collector and base saturation voltages in order to assess the basic integrity

of the components. The quantities of transistors tested were, in most cases,

lower than had been originally planned (as summarized in Table 7-16)

because of accessibility problems. Selected samples were then removed

from the chassis for the measurement of the various functional parameters,

including repetition of the tests conducted on the chassis.

Tests on the chassis were difficult to perform accurately because of

accessibility problems. Subsequent results conducted off the chassis

should be considered as somewhat more reliable. Results of the functional

tests were compared with specifications and with original inspection data,

whenever possible. These original data were generally available for satura-

tion voltages and forward gains. As noted in the succeeding tables, other

parameters were also available for comparison in some cases. It should be

recognized that the original receiving inspection tests were not designed to

be precise but only to assess the basic compliance with specifications.

Furthermore, significant differences existed between test equipment, test

conditions, and operational techniques used here and at the receiving inspec-

tion. Some differences in the results could be expected to be attributable
to these factors.

Significant effects of lunar exposure would be expected to manifest

themselves by pronounced shifts in the measured transistor characteristics.

Thus, unless marked deviations were noted, it could be reasonably concluded,

as seen from the discussion below, that no major effects of exposure to the

lunar environment occurred. For this reason, diagnostic tests were con-

ducted on only three transistors, following completion of the functional tests.

In addition, certain supplementary tests were concluded to dispel doubts

regarding some of the largest deviations noted; and SEM photographs were

taken of five representative transistors and of an SCR diode.

Highlights of the data obtained are summarized in the following

sections. Details are recorded in the program log books.
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TABLE 7-16. NUMBER OF TRANSISTORS TESTED ON CHASSIS
VERSUS TOTAL ON CAMERA

I

I

I
Transistors

Type

General-purpose

amplifie r

Gene ral-purpos e

amplifier

High frequency

amplifie r

High voltage

amplifie r

Power

transistor

Low noise

amplifie r

Description

ZN718A

ZN7ZZ

2NZI92A

ZN87 1

ZN1936

ZNZ586

Total

Quantity
in Came ra

Z0

31

5

36

Quantity

Originally
Planned

for Testing

Z0

20

5

20

Quantity
Tested

15

11

16

3

7.5. i General-Purpose Amplifiers

The Z6 transistors tested in this category were of two types:

i) NPN silicon transistors, manufactured by Fairchild and Pacific

Semiconductors, similar to type ZN718A, and Z) PNP silicon transistors,

manufactured by Fairchild and Hughes, similar to type ZN7ZZ. Both types

were constructed with a diffused junction using the planar process and

were packaged in TO-18 cans.

Tables 7-17 and 7-18 summarize tests of NPN and PNP transistors,

respectively. For ease of reference, these tables are presented in the

format used for diodes in the preceding section.

On-chassis tests of the 15 NPN transistors consisted of measure-

ments of the forward gain and saturation voltages. Results were well within

specifications and appeared nominal considering the above mentioned

uncertainty of test conditions at the receiving inspections.

The two transistors selected to represent the highest and lowest

readings of saturation voltages were then removed from the chassis for

functional tests. In addition to repeating the chassis measurements, forward
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gain was measured at two other operating points, as well as the four other

parameters listed in Table 7-17. Results compared favorably with specifica-

tions, as well as with the original data available for one of the forward gain

measurements. The collector base leakage current, however, measured

much lower than at the receiving inspection: 0. Z versus about 5 nanoamperes

originally (the specification is 10 nanoamperes). Uncertainty of original

inspection techniques and test conditions could readily explain this difference.

In view of the differences noted in the saturation voltages and leakage

currents relative to the available past data, a special test was conducted on

the two transistors to determine whether subsurface contamination and

resulting channelling had occurred._':-" The test consisted of subjecting the

transistors to an 88 hour heating cycle at 150°C with a reverse bias applied

and subsequent cooling with the bias voltage. No evidence of subsurface

contamination or channelling was uncovered since remeasuring of the param-

eters showed essentially no change.

It should be noted that these apparent differences in saturation voltages

and leakage current were observed in several of the other types of transistors

tested, as discussed below. This test for subsurface contamination was con-

ducted on a total of nine transistors, including samples from all six types
tested.

On-chassis tests of the ii PNP transistors, summarized in

Table 7-18, consisted of measurements 0f forward gain and saturation

voltages. Saturation voltage measurements compared favorably with the

original data; original data for the forward gain were not available, but the

values were well within specification.

Three of the transistors were then removed from the chassis.

Repetition of chassis measurements disclosed no significant deviations.

Additional functional tests consisted of measurements of leakage currents,

collector to base capacitance, collector to emitter sustaining voltage (with

the base open), and the two response times (delay time plus rise time and

storage time plus fall time). Results were well within specifications although

one capacitance was lower than the other two: 19 picofarads versus 31 and

34 picofarads (specification is 45 plcofarads maximum). This is attributable

to differences in the production lots. Original data were available only for

the leakage currents. Measured values for the emitter-base current were

in the range of i0 to 16 picoamperes, compared to the range of I to

700 nanoamperes recorded at receiving inspection (specification is

"_:-'Notethat this type of contamination would result in the increase of both Vsat

and ICOB. Relative to receiving inspection data, Vsat was higher, and ICOB

was lower. Thus, the original data was suspect, rather than appearance of

subsurface contamination. The special test was conducted anyway to

ascertain that no subsurface changes took place.
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TABLE 7-17. FUNCTIONAL TESTS OF GENERAL-PURPOSE AMPLIFIER
TRANSISTORS NPN ZN71 8A

Parameter Comparison Data

Sym-
bol Spec

* Unit Value

VCE Volts 1. 5 (max)

(sat:

VBE Volts 1. 3 (max)

(sat

aFE -- 40 to Ig0

nFE -- Z0 (sin)

hF E -- 20 (mln)

fCBO Nano- 10 (n_ax)
an_peres

IEB O Nano- 10 (nlax)
amperes

VCER Volts 50 (m[n)

(sus

Plco- 25 (nlax)
C°h farads

Original

Receiving

InspectionD_ta

(Range of Values)

Test Results

Tests on Chassis**

(Range of Values)
Farts Not Parts Later

Removed Removed

0.41 to i. Z5 I.Z5 and 0.59

0.89 to 0.93 0.91 and 0.90

45 to 90 65 and 71

0.78 to 1. Ol

0.49 and 0.51

Not measured

Not measured

44 and 38

4.5 and 4.8

Not measured

Not n_easured

Not nleasured

Not tested

"4or tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

i Not tested

Not tested

Not tested

Not tested

Tests of

Removed Parts

(Range of Values)

1.05 and 0.61

0.90 and 0.89

71 and 75

50 and 49

43 and 37

0. Z4 and O. Zl

0. 0Z2 and 0. 039

104 and IZ8

20.3 and 14.9

Test

Conditions

IB = 15 ma

IC = 150 ma

IB : 15 ma

[C = 150 ma

VCE = i0 volts

lC = 150 n_a

VCE = 10 volts

IC : 500 ma

VCE = 10 volts

IC= 0.1 ma

VCB - 60 volts

IE=0

VEB - 5 volts

IC= 0

I C = O. 1 ma
RBE = 10 ohms

IB=0

VCB = 10 volts
f : 1 MHz

*See Table 7-15 for explanation of nomenclature,

**Total of 15 parts tested on chassis; 2 removed.

TABLE 7-18. FUNCTIONAL TESTS OF GENERAL-PURPOSE AMPLIFIER
TRANSISTORS PNP ZN7Z2

Parameter

Sym-
bol Spec

* Unit Value

VCE Volts i. 5 (max)

(sat

VBE Volts 1. 3 (n_ax)

(sat)

hFE 30 to 90

ICB O Nano- 1000 (n_ax)
anlperes

IEB O Nano- 100,000 (max)
amperes

VCE C Volts 35 (mln)

(sus

Pico- 45 (max)
_ob farads

:d+tr Nano- 250 (max)
seconds

Ls +tf Nano- 450 (max)
seconds

Comparison Data

Original

Receiving

Inspection Data

(Range of Values)

0.76 to 1.12

0.99 to I. Z0

Not available

1. Z to 40

0.7 to 680

Not measured

Not measured

Not measured

Not measured

$See Table 7-15 for explanation of nomenclature,

**Total of l 1 parts tested on chassis;

Test Results

Tests on Chassis**

(Range of Values)
Parts Not Parts Later

Removed Removed

0.55 to 0.94 0.61 to 0.91

0.9Z to i. ZZ 0.97 to I. 09

42 to 54 43 to 50

Not tested Not tested

Not tested Not tested

Not tested qot tested

Not tested Not tested

Not tested Not tested

Not tested Not tested

3 removed.

7 -40

Tests of

Removed Parts

(Range of Values)

0.57 to 0. 85

0. 87 to 1. 06

44 to 5Z

0.7 to 34

0.01 to 0.6

50 to 57

19 to 34

70 to 90

220 to 260

Test

Conditions

l B = 15 ma

I C = 150 ma

I B : 15 ma

I C = 150 ma

VCE = I0 volts

IC : 150 n_a

VCB = -30 volts

IE=0

VEB = -Z volts

Ic:0

[C = -100 ma

IB: 0

VCB = 10 volts

f = 1 MHz

pw : 10 micro-
seconds

lC = 150 n_a

IB : 15 ma

VBE = 0. 5 volts

I
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i00 m[croamperes maximum). This difference is again attributable to the

above mentioned difference in test conditions and techniques.

Two of these transistors were also subjected to the reverse bias

heating and cooling test for evidence of possible subsurface contamination

and channelling, mentioned above, particularly because of this difference

in leakage current measurements. No changes in readings were noted

after this test, and no evidence of channelling was uncovered.

One of the PNP transistors was subsequently subjected to diagnostic

tests. The transistor was opened and examined microscopically. Internal

examination disclosed no anomalies. An SEMphotograph was then taken, as

discussed in Section 7.5.6.

The general-purpose amplifier transistor appeared to have been

unaffected by the lunar environment, and the few differences noted from

original receiving inspection data were concluded to be attributable to

differences in test conditions, instrumentation, and operational techniques.

7.5. Z High Frequency Transistor

The one high frequency silicon transistor tested was the Fairchild

NPN transistor, similar to ZNZ19ZA, produced epitaxially and packaged in

a TO-5 can. It was intended originally to test all five of these transistors

present in the camera, but only one was accessible and removable without

damage.

The tests performed are summarized in Table 7-19. Saturation

voltages and forward gain were measured on the chassis. After removal

of the transistor, the following parameters were also measured: leakage

current, output capacitance, breakdown voltage, collector sustaining voltage,

and response times. The transistor appeared to be in an excellent condition.

Results were within specification and correlated well with original inspection

data, where available.

It was decided not to perform diagnostic tests on this transistor.

However, it was included in the group tested for surface contamination and

channelling (discussed in Section 7.5. i) and in the group of which SEM

photographs were taken (discussed in Section 7.5.6).

7.5.3 High Voltage Transistors

The 16 high voltage amplifier transistors tested in this group were

Fairchild silicon transistors, similar to ZN871. They were manufactured

by the planar process and packaged [n TO-18 cans.
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TA BLE 7-19. FUNCTIONAL TESTS OF HIGH FREQUENCY TRANSISTOR

Parameter

Sym-
bol Spec

* Unit Value

VCE Volts 0. 25 (max)

(sat]

VBE Volts I. 3 (max)

(sa<

hFE -- 100 to 300

ICB O Nano- l0 (max)
amperes

Nano- 50 (max)
,IEBo amperes

VCE C Volts 40 (nlin)

(sus

BV Volts 60 (mln)

CEO

Cob Pico- Z0 (max)
farads

Nano- 140 (max)

r seconds

Nano- 300 (max)

s seconds

tf Nano- I00 (nlax)
seconds

Comparison Data

Original

Receiving

Inspection Data

0.093

0.82

Not available

0.1

Not measured

Not measured

116

Not measured

Not measured

Not nleasured

Not measured

Test Results

Tests On Chassis':"::

Parts Not Parts Later

Removed Removed

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

0.09

0.84

160

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Tests of

Removed Parts

0.08

).82

161

0. 057

0.011

45

It0

7.1

zO

20

Test

Conditions

[B = 15 n_a

IC = 150 n]a

IB = 15 n]a

1C = 150 n_a

VCE = 10 volts

lC = 150 ma

VCB = 3 volts

IE= 0

VEB = 3 volts

IC= 0

I C = 25 ma

IB= 0

[C = I00 n_icro-

an_pe re s

VCB = 10 volts

f = 1 MHz

i pw = 10 micro-
seconds

V B = -13. 5 volts

VIN = 15 volts

ZNZI 9ZA

*See Table 7-15 for explanation of nomenclature,

**Total of 1 parts tested on chassis; 1 removed.

TABLE 7-20. FUNCTIONAL TESTS OF HIGH VOLTAGE TRANSISTORS 2N871

Parameter

Sym-
bol

* Unit

VC E Volts 5 (max)

(sat)

VBE Volts I. 3 (max)

(sat)

hFE -- I00 to 300

[CBO Nano- I0 (max)
an_peres

[EBO Nano- I0 (max)
an_pe res

VCE C Volts 60 (rain)

(sus

_ob Pico- 15 (max)
farads

**Total of

Comparison Data Test Results

Original

Receiving

Spec Inspection Data
Value (Range of Values)

0. 14 to 1. 60

0.70 to 0.89

118 to Z16

0.40 to 4.8

Not nleasured

Not measured

Not measured

Tests on Chassis**

(Ran[e of Values)
Parts Not Parts Later

Removed Removed

0. 64 to 1. 56 1. 29 to 2.4

0.90 to 0.92 0.90 to 0.90

114 to 163 14 to 143

Not tested Not tested

Not tested Not tested

Not tested Not tested

Not tested Not tested

*See Table 7-15 for explanation of nomenclature,

16 parts tested on chassis; 3 removed.

Tests of

Removed Parts

(Range of Values)

.01 to 1.98

). 89 to O. 90

113 to 14Z

0. 16to 0.39

0.017 to 0.033

86 to 108

10.6 to ll.8

Test

Conditions

I B = 15 ma

I C - 150 nla

l B 15 nla

1C - 150 ma

VCE 10 volts

iC = 150 ma

VCB = 75 volts

IE=0

VEB = 5 volts

Ic=0

IC = 30 ma

IB= 0

VCB = 10 volts

f- 1 Mltz

7-4Z
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A summary of the tests conducted is presented in Table 7-20.

Measurements of saturation voltages and forward gain, conducted on the

chassis, were within specification and compared reasonably well with the

original inspection data except that VCE(sat) values were higher.

Three transistors selected for removal and off-chassis tests include

the one with the highest measured value of Z.4 volts for the collector-emitter

saturation voltage. Repetition of on-chassis measurements resulted in

somewhat lower values for VCE(sat), while the other parameters were

unchanged. The values of VCE(sat ) recorded off the chassis, on the chassis,

and at the original inspection are presented for these transistors in

Table 7-ZI. Results illustrate the difficulty in performing the measure-

ments on the chassis. Errors are introduced because of difficulties in

making connections and because of the long leads that must be used

occasionally for access. While the values obtained off-chassis are all

within specification, they are still higher than the values obtained at the

receiving inspection.

Off-chassis measurements were then conducted of the other transistor

parameters: leakage currents, collector-emitter sustaining voltage, and

collector-base output capacitance.

Results were all within specification, and grouped well. The only

original data available for comparison were for collector-base leakage

current. Again, results indicated a reduction in leakage current for

components whose saturation voltage had apparently increased.

As in the case of the general-purpose NPN amplifiers, discussed

[n Section 7.5. i, two of these transistors were subjected to the special test

for subsurface contamination in order to ascertain that the apparent increase

in the saturation voltage was not the result of channelling. Upon completion

of this temperature cycling under bias conditions, the saturation voltage

changed by less than 3 percent. The leakage currents increased slightly,

but were still lower than the values recorded at the original receiving

inspection.

To further ascertain that the lunar environment did not significantly

affect these transistors, a diagnostic test was conducted of the transistor

with the highest saturation voltage. The transistor was opened and examined

internally. Some bubbles were observed in the oxide, but they were deter-

mined not to be significant. No other changes were found that could not be

expected from a normal shelf storage for a comparable length of time. An

SEM photograph was also taken of this transistor, as discussed in
Section 7.5.6.

It was concluded that the exposure to lunar environment produced no

significant effects on the high voltage transistor. Discrepancy in some of

the data relative to that recorded at the receiving inspection reflects pri-

marily the differences in test conditions and techniques. There was no
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TABLE 7-ZI. COMPARISON OF VCE(sat) MEASUREMENTS OF
HIGH VOLTAGE TRANSISTOR

I

I

I

Sample

Designation

751

741

743

On-Chassis

Measurement,

volts

i. Z9

Z. 4

1.55

Off-Chas sis

Measurement,

volts

i. 04

1.98

1.01

Original

Receiving

Inspection

Data,

volts

0.97

0.19

0.17

Specification,
vo its

5.0

5.0

5.0

I

I

I

I
evidence of subsurface contamination. Variation in leakage current, which

is well within specification requirements, is not considered significant

because of the sensitivity of this parameter.

7.5.4 Power Transistor

The one power transistor of the camera was a Texas Instruments

stud-mounted NPN Mesa transistor, rated at i00 watts, similar to ZN1936,

and packaged in a TO-63 case.

The summary of tests conducted is presented in Table 7-ZZ. Results

were nominal for the on-chassis measurements of gain and saturation

voltages. The collector-emitter saturation voltage compared favorably

with the original data available.

The transistor was removed, and the above measurements were

repeated. Forward gain was also n]easured at another operating point

corresponding to that for which original inspection data were available.

Correlation was found to be good. The other parameters measured-- leakage

current, and the collector-emitter current and breakdown voltage --were

all well within specifications, with no past data available for comparison.

No apparent effects of the lunar environment were noted. It was

decided not to conduct a destructive diagnostic test on this transistor, the

only one available of its type. However, this transistor was included in the

group of which SEM photographs were taken, as discussed in Section 7.5. 6.

7.5.5 Low Noise Transistors

Three low noise transistors tested in this group were all Texas

Instruments NPN silicon transistors, similar to ZNZ586, produced by a

planar process and packaged in TO-18 cans. All of the five transistors
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on the camera had been originally slated for tests, but only three were
accessible. These three were all tested on the chassis and then removed

for the more detailed functional measurements.

Results of tests are summarized in Table 7-Z3. On-chassis tests

entailed measurement of the collector-emitter saturation voltage under both

dc and pulse conditions, and the measurement of the forward gain. Satura-

tion voltage was remeasured after removal from the chassis, and the

dc gain was measured at a different operating point to obtain a direct com-

parison with the available receiving inspection data. In addition, the other

parameters listed in Table 7-23 were measured off-chassis, i.e., leakage

currents, breakdown voltage, output capacitance, and noise figure.

All parameters were within specifications except for the noise figure,

which on one of the transistors was i dB above specification. No original

inspection data were available for this parameter, which is only measured

on statistical samples. The other parameters are well within specifications.

Comparison with the original data again cast some uncertaintly rela-

tive to the test conditions and techniques at the original inspection. Satura-

tion voltage measurements were again somewhat higher, while leakage

currents were substantially lower. This transistor was also included in the

special subsurface contamination test, discussed in Section 7.5. I; and no

evidence of channelling was noted. The other parameters for which original

data were available, namely the forward gain, was measured to be higher

now by about a factor of Z for all three transistors. No explanation is

available, other than suspicion of the accuracy of the original data.

Because of the apparent differences in results of present and original

measurements and because of the out-of-specification value for the noise

figure on one of the transistors, this transistor was subjected to detailed

diagnostic tests. The transistor was opened and examined internally with a

scanning electron microscope. A substantial intermetallic gold-aluminum

growth was found around the ball bonds. The findings are presented in

Figure 7-14. The top SEM photograph was taken at a magnification of

II90X. The bottom SEM photograph was obtained at a magnification of

Z390X and shows this intermetallic growth in some detail. It is believed

that this phenomenon accounts for the high noise figure. This intermetallic

growth frequently develops under normal shelf storage conditions as long as

the proper materials and the high temperature environments are present.

It cannot be attributable to the low temperature lunar environment. It should

be noted that future designs employ aluminum-to-aluminum bonds for this

reason.

Internal examination revealed no other apparent anomalies, nor any

effects of exposure to the lunar environment.
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a) 1190X Magnification (Photo 00545-108) 

h! 7.1Q)oX Magnification (Photo 00545-109) 

Figure 7-14. SEM Photographs of Intermetallic Growth Bonds 
on Low Noise Transistor 
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TABLE 7-ZZ. FUNCTIONAL TESTS OF POWER TRANSISTOR 2N1936

Parameter

Sym-
bol

* Unit

VCE Volts 0. 5 (max)

(sat

VBE Volts 2 (max)

(sat

hKE -- 15 to 50

hFE -- 18 to 75

IEB O Milli- % {max)
an/peres

ICE V Mill[- 10 (max)
amperes

BV Volts 80 (mln)

CEC

Comparison Data Test Results

Original

Spec Re_ eiving Tests of Test

Value Inspection Data Removed Parts Conditions

0.38

Not available

Not measured

32

Not nleasured

Not nleasured

Not measured

*See Table 7-15 for explanation of nomenclature.

*'::Total of 1 parts tested on chassis; 1 removed.

Tests On Chassis,::,::

Parts Not Parts Later

Removed Removed

NA 0. 24

NA 1. IZ

NA 20. 8

NA Not tested

NA Not tested

NA Not tested

NA Not te.;ted

0.23

1.11

23

34. 5

O. 24

0.26

136

IB: 0.5

ampe re

I C : 5 amperes

I C - 10 amperes

I B = 1 ampere

VCE = 10 volts

I C 10 amperes

VCE - 10 volts

I C I ampere

VEB = 4 volts

I C = 0 ampere

VCB 120 volts

VEB = -1 volt

IC = 200 ma

IB - 0 ampere

TABLE 7-23. FUNCTIONAL TESTS OF LOW NOISE TRANSISTORS 2NZ586

Parameter

Sym-
bol

Unit

I I I

Comparison Data Test Results

Spee
Value

1 (max)

1 (max)

600 (naa×)

600 (max)

10,000 (max)

Z000 (max)

45 (min)

8 (max)

Z (max)

Original

Receiving

Inspection Data

(Range of Values)

0.18 to 0. 278

Not measured

Not measured

122 to 157

Not measured

300 to 400

71 to 110

Not measured

Not n_easured

Tests on Chassis**

(Range of Values)
Parts Later

Removed

NA 0.247 to 0.410

NA 0. 22 to 0. 37

NA 240 to 360

NA Not measured

NA Not tested

NA Not tested

NA Not tested

NA Not tested

NA Not tested

Tests of

Removed Parts

(Range of Values)

Not measured

0.20 to 0. 34

Not measured

400

4to9

4 to Z80

71 to 104

4.3 to 4.5

0.5to 3

Test

Conditions

I B = O. 5 ma [
d<II C 10 ma

I B = 0. 5 ma I
I C = 10 ma I pulse

VCE - 5 volts

I C = 0. 5 ma

VCE 5 volts

ICE = 10 ma

VEB 5 volts

I C = 0 ampere

VCE = 5 volts

lB - 0 ampere

l C = 10 ma

VCB 5 volts

f- 1 Mllz

Per llughes

spec iiication

*See Table 7-15 for explanation of nomenclature°

:',:",'Total of 3 parts tested on chassis; 3 removed.
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a) Base Lead of  General-Purpose Amplifier PNP Transistor, 
Type 2N722 (IOOOX Magnification) (Photo 00545-1 I O )  

b) High Voltage NPN Transistor, Type 2N871 (500X 
Magnification) (Photo 00545-1 11) 

Figure 7-15. SEM Photograph of Base Lead of Transistors 
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7.5.6 SEM Examination of Six Semiconductors

To obtain additional insight on possible structural changes induced

by exposure to the lunar environment, six semiconductors were selected

for detailed SEM examination. The parts selected for this diagnostic test

provided a good representation of the con_ponents tested. They included

the following: a general-purpose amplifier transistor, type ZN718A (NPN);

a general-purpose amplifier transistor, type ZN7ZZ (PNP); a high voltage

transistor, type ZN871; a high frequency transistor, type ZI9ZA; a power

transistor, type ZN1936; and an SCR diode, type ZNI930.

Twenty photographs were taken in all. Although evidence of a

number of manufacturing defects was found, illustrative of problems

relating to fabrication techniques at the time of manufacture, no direct

evidence of any degrading effect of the lunar environment was uncovered.

The various observations made included presence of debris, circular growth

of intermetallic forn_ations, en_itter metall[zation, gold-aluminum inter-

metallic growth, and formation of aluminum s[licide and striations of the
silicon.

Two examples of these SEM photographs are shown in Figure 7-15.

Figure 7-15a is an SEM photograph taken at a magnification of 1000X of the

base of the general-purpose PNP amplifier transistor. The intermetallic

growth is seen here at the base lead, stopping at the oxide step. Figure 7-15b

is an SEM photograph at a magnification of 500X of the emitter pad of the

high frequency transistor. Substantial intermetallic growth can be seen,

as well as striations of the silicon. These are believed to have been caused

by the formation of aluminum silicide created during the thermal compression

bonding. This material subsequently cracked, forming the striations.
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8. MECHANICAL AND ELECTROMECHANICAL COMPONENTS TESTS

8. 1 SCOPE AND GENERAL TEST PLAN

Results of component level tests of potentiometers, stepper motors,

magnetic devices, electrical connectors, and thermal switches are pre-

sented in this section. _':-_These components constitute all of the parts other

than the electrical pants, discussed in Section 7, which were analyzed at the

component level after their removal from the camera. They are grouped
for convenience in this section.

The test program was designed to emphasize the objectives described

in Section 7.1 for the electrical components. Extensive use, wherever

applicable, was made of past design and test data available for these parts

from the Surveyor program. Considered of particular significance were

findings of the wear characteristics of wire-wound potentiometers as typical

of the behavior of metal-to-metal contact surfaces, characteristics of moving

parts and materials in the stepper motors, and condition of electrical con-

nectors. The above design features are directly applicable to a large class

of space hardware applications. Analysis of the thermal switch could also

be singled out as valuable for potential future space applications involving

thermal sensing and control.

As in the case of electrical components, this section describes testing

conducted on parts other than those for which specific failures were dis-

covered earlier in the test program. The failed components, or those for

which significant anomalies were identified at the subassembly or circuit

level, are treated separately in Section IZ as part of the failure analysis

work on the program.

Table 8-i lists the parts tested, indicates the numbers of each type

and the quantities examined relative to the numbers present in the camera,

and the parameters measured during functional tests. Whereas electrical

component testing entailed selection of representative samples, testing of

components described here was conducted on virtually all available parts

_':-'Mechanical subsystem tests were discussed in Section 5.
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TABLE 8-1. MECHANICAL COMPONENTS TEST PLAN SUMMARY

Description Functional Tests Number

Disassembled

Number in Number and

Class Type Camera Tested Parameters Measured Diagnosed

1 0Precision

wLre-wound

potentiometers

Stepper

motors

Magnetic

components

Electrical

connectors

Thermal

switch

Single turn

(Spectrol)

Three turn

(Duncan)*

Abrams,, size 15,

high torque; DMA

Kearfott, size 08,

low torque;

CM40191010

Torroidal inductors

manufactured by

Hughes

Vidicon deflection

yoke

Cleveland Electric

MVY432

Microdot 43-series,

size A, 19 pins

Microdot 43-series,

size B, 39 pins

Thermal switch,

single pole, single

throw

Normally open

above 10°F

Metals and Controls

MZZ1L00Z0305ZZ

End-to-end resistance

Wiper continuity

Visual examination and X-ray

Starting torque

Linearity and noise

Noise and torque vacuum

Visual examination and X-ray

End and radial play, and detent

Starting, running, and detent

torque

Stepping rate

Angular rotation per step

Insulation resistance

Dielectric strength

Visual examination and X-ray

Dc resistance

Rated inductance and Q

Inductance versus magnetiza-

tion current

Visual examination

Contact resistance

Contact separation force

Insulation resistance

Visual examination and X- ray

Hermetic seal integrity

Opening and closing temperatures

Contact resistance

',"One of these (azimuth potentiometer)was Spectrol.

I
I

I
I

I

I

I
I

i

I
I
I

I

I
I

**See text.
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because of the small number present in the camera. Of the sixmotors,

two were tested, one of each type. The remaining motors were not tested,

partly to retain them for possible future investigation and partly because

such additional tests were not considered likely to provide significant added

data, compared to other activities within the total program constraints. Only

one connector was tested; the other connectors could not be analyzed

meaningfully because they had been uncoupled during the initial removal of

the shroud in the Lunar Receiving Laboratory (LRL). The two potentiometers

not shown as tested in Table 8-1 had exhibited specific anomalies, and are

discussed separately in Section iZ. Further breakdown of potentiometer

tests is presented later in Table 8-Z.

As in the case of electrical components, the test sequence was con-

ducted in three phases. During preliminary examination, a visual inspection
was made and basic functional characteristics measured to seek anomalies.

One objective of this phase of testing was to confirm or suitably alter pre-

viously prepared test procedures. These tests were conducted by component

engineers during the subassembly level tests prior to removal of the compo-

nents from the chassis. These tests were implicitly included in the results

described in previous sections.

During the second phase, after removal of the components from the

camera, a comprehensive functional test was conducted and critical param-

eters measured. This phase of the test, which also included detailed visual

examination, was nondestructive. Care was taken to ensure that no vital

characteristics would be altered by test procedures. Consideration was

given, when appropriate, to conducting limited environmental tests of

selected parts.

The final phase, destructive in nature, entailed an internal diagnostic

examination of selected parts which were disassembled for this purpose.

Table 8-1 indicates the number of such parts chosen from the parts removed
from the camera.

The mechanical and electromechanical component tests were con-

ducted within the framework of established component test procedures,

modified as appropriate. Early in the program, a format was developed to

serve as a guide for preparing test plans for each component type, and

preliminary test plans for each component were generated. These formats

were similar to the one shown in Figure H-I of Appendix H for the tantalum

capacitor electrical component. Engineering judgment was used in expanding,

reducing, or otherwise modifying standard test procedures, as deemed

appropriate. A detailed test procedure was then prepared for each part

tested, and was carefully followed. Test procedures and documented results

of all tests are available in the program files.

The succeeding subsections summarize the tests and results obtained

for each of the components.
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8. Z POTENTIOMETER TESTS

Table 8-Z identifies the six potenttometers on the can_era and the

tests conducted. All six potentiorneters are precision wire-wound and

servo-n_ounted, with a nominal end-to-end resistance of 5000 ohn_s. Five

are three-turn types, and the other is a one-turn type. Since the adequacy

of potentiometer design for lunar operations had been of concern during the

Surveyor program, these tests to determine environmental effects were of

special interest. As discussed in Section Z. 4. Z, the filter wheel potention_-

eter had indeed failed during lunar operations. The analysis of this poten-

tiometer, as well as that of the azimuth potentiometer which had been noted

to have been damaged during the dismantling operations, is treated in

Section 1Z.

Tests of the remaining four potentLometers are summarized here;

supplen_ental discussion of the vacuum test conducted is included in

Appendix H. For one of these four, the focal length potentiometer, only

the resistance and starting torque measurements are presented here; this

potention_eter was selected for wear analysis and other materials tests, as

described in Section 10.

Initial tests of the four potentiometers included end-to-end resistance,

wiper continuity, visual exanlinatLon, and X-ray. The end-to-end resistances

ranged fron_ 5035 to 5073 ohms. While they were within the 5000 ohm

+3 percent specification requirements, all were on the high side. This is

attributed to an increase due to wear, as discussed later in this section.

Visual examination uncovered no anon_alies.

Tests of the starting torques, noise, and IinearLty were then con-

ducted. Initial evaluation of these tests was based on the tacit assumption

that the potentLon_eters had been lubricated with niobLurn diselenide, per

specifLcat[on. While starting torque and noise of lubricated potentiometers

are higher in anlbient operation, notable [n_provement occurs under hard

vacuum conditions; the opposite is true for unlubricated potentLometers.

As the test program progressed, it was determined that apparently none of

the potentiometers examined (including the filter wheel potentiometer

analyzed for its failure) had been lubricated.

The starting torques of the four potention_eters were measured to

range from 0. ig to 0. 18 in-oz. While they were all within the specification

of 0. 18 in-oz, these values were higher than the 0. 1 in-oz maximum

expected of unlubrLcated potentiometers under ambient conditions.

Linearity and noise n_easuren_ents were then conducted on the single-

turn elevation potentiometer and on the three-turn focus and iris potentiom-

eters. These tests were not conducted on the focal length potention_eter.

The concern of the apparently increased wear led to the decision to subject

the focal length potentLometer to special investigation in the Materials

Laboratory.
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TABLE 8-2. SUMMARY OF POTENTIOMETER TESTS

Number of Functional Diagnostic Failure

I

I

I

I
I

Potentiometer

Filter wheel

Azimuth

Focal length

Iris

Focus

Elevation

Manufacture r

Duncan

Spectrol

Duncan

Duncan

Duncan

Spectrol

Turns Tests

X

X

X

X

Tests

X

Analysis

_':=Conducted as part of Materials Test Program discussed in Section i0.

I

I
I
I

I

I

I
I

I

I
I

_':=_':_Failureanalysis of these potentiometers is discussed in Section IZ.

Linearity measurements were made with a divider head at i0 degree

intervals on the single-turn elevation potentiometer and at 25 degree inter-

vals on the focus and iris potentiometers. Results were nominal: The

single unit had a maximum deviation of 0. 362 percent compared to the specifica

tion allowance of 0. 375 percent; the three-turn units measured 0. 174 and

0. 143 percent, respectively, compared to the specification requirement of
0.25 percent.

Noise measurements were then conducted at 4 rpm under ambient

conditions. The specification calls for a maximum of i00 ohms of equivalent

noise resistance, but typical values under 20 ohms are expected for these

unlubricated wire-wound components. The one-turn elevation potentiometer

measured 440 ohms, while the three-turn focus and iris potentiometers

measured 70 and 900 ohms, respectively. This high noise is also indicative
of excessive wear.

Because of the original assumption, later rectified, that the potentiom-

eters were lubricated, a vacuum test was then conducted on the elevation and

iris potentiometers in the expectation that reduced noise values would be

observed. Results of vacuum testing were inconclusive because it had been

determined that insufficient time was allowed for depressurlzation; while the

potentiometers are not completely sealed units, they are partially sealed.

These tests are discussed in further detail in Appendix H.
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DETENT WHEEL. 

a) Stator 

ROTOR CRACK 

OUTPUT SHAFT 

I 
b) Rotor 

Figure 8-1. Apparent Cracks in Abrams Motor 
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To verify the suspected absence of lubricants on the potentiometers

and obtain a better understanding of the apparent indications of excessive

wear, the iris potentiometer was subjected to diagnostic tests. In parallel,

tests for presence of lubricants were run on the focal length and filter wheel

potentiometers. Presence of niobium diselenide was sought with an electron

beam microprobe and by emission spectroscopy; no traces of niobium or

silenium were found on any of the three potentiometers. Internal examination

of the iris potentiometer clearly indicated that the wear on the wire and

wiper was greater than would be expected on a part operating under atmo-

spheric conditions. Similar conclusions were reached after examination of

the focal length and filter wheelpotentiometers. The amount of wear noted

was that which would be expected from at least i00, 000 operational cycles

at l atm. Attempts to uncover evidence of possible cold welding were not
successful.

Evidently, the lunar environment significantly aggravated the wear

of unlubricated potentiometers. Unfortunately, no conclusions are available

regarding the performance of properly lubricated components.

8. 3 STEPPER MOTOR TESTS

Two of the six stepper motors were tested for their functional

characteristics and subsequently disassembled for internal examination,

as indicated in Table 8-1. One of these was the high torque Abrams

Instruments size 15 DMA motor, having an output torque of Z0 in-oz, and

producing 36 degrees rotation per step. The other was a Kearfott size 08

motor, MC40191010, having an output torque of 0. Z5 in-oz, and producing

90 degrees rotation per step. Visual examination disclosed no apparent

anomalies. Some debris was noted in the rear rotor bearing of the Kearfott

motor. This material was most likely a residue from the Durold retainer

in the rear rotor bearing. X-rays of the motors were not revealing because

of the high opacity of the parts.

Mechanical tests of shaft end and radial play showed compliance with

specifications, although the 0.001 inch of end play noted could be indicative
of some mechanical wear. Detent measurements were nominal.

The dc resistance, starting torque, running torque, detent torque,

stepping rate, insulation resistance, dielectric strength, and angular rota-

tion per step were then measured. Both motors met all specification

requirements for these parameters, and no unusual results were noted.

Upon completion of the electrical and mechanical tests, both parts

were completely disassembled. Internal examination revealed two cracks

in the Abrams motor. A hairline crack was noted on the rotor, and an

apparent fracture was observed in the lamination assembly of the stator

near its base. These cracks are indicated in Figure 8-i; they are not
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believed to be attributable to the lunar environment and apparently had no
effect on the operating characteristics of the motor. The rotor fracture
could, however, affect life expectancy. The rotor is constructed in two
parts, with the output shaft on one part and the detent on the other. Each
time the motor is stepped, the area of the crack was stressed. The
observed crack could have been present at the time of the original assembly
or it could have been caused by the application of the high torque during
detent torque measurements, either in earlier testing or during this test
program. The stator fracture appears to be the result of the manufacturing
process.

The bearings of the Abrams motor were thought to have a rough feel
when rotated manually. For this reason further analysis was conducted on
three ball bearings: one from the Abrams motor, one from the Kearfott
motor, and one from the iris potentiometer. These balls were micro-
sectioned and wear examined at Z00X magnification. The surfaces of all
three balls were comparable, and no anomalies were noted. The roughness
of the Abrams bearing was no worse than that of the other two, and they all
appeared to be in excellent condition. It should be noted that the Abrams
motor has New Hampshire Micro SRZ standard precision bearings, which
are unshielded and have a metallic separator. Conceivably, absence of
shielding could have allowed some dust contan_ination. The other two
bearings are the Barden type and use a Duroid retainer. The Abrams
bearing was to have been lubricated. Although no coating could be seen
on the Abrams bearing, this does not preclude the possibility that a molyb-
denum disulfide or microseal type of solid lubricant that had been employed
had worn off. In view of the absence of any concrete evidence of failure or
anomalous behavior, the original concern over the subjective rough feel of
the Abrams motor bearings was dispelled.

Internal examination of the Kearfott motor determined that it was in
excellent condition. All internal surfaces appeared unchanged relative to
their initial condition at manufacture. The bearings, which were self-
lubricating crown retainers, were c[ean and appeared undamaged.

8.4 MAGNETIC COMPONENTS

Three torroidal inductors manufactured by Hughes and the vidicon

deflection yoke were tested to determine the effects of the lunar environment

on magnetic components. The Hughes-fabricated transformer, located in

the ECU, was deleted from the original test p[an because of the difficulty of

removing this deeply imbedded part without totally dismantling the chassis.

Visual examination revealed no anomalies nor did X-rays of the

[nductors. The yoke could not be X-rayed because of its metal shield.

Dc resistances, inductance at rated conditions, and Q of the coils were then

measured. Results obtained for the three inductors and original values of
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their resistances and inductances are summarized in Table 8-3. Original

data for the deflection yoke were not available. Also included in Table 8-3

are the results of measurements of inductor weight.

Results for the deflection yoke indicated that dc resistances and the

inductance of one of its co[is, which measured ZZ. 8 mH, were well within

specifications; the second coil measured igl mH in comparison with the

specification limit of ll0 mH. Since no apparent discrepancies were noted,

it was assumed that this was essentially its original reading. The deflection

yoke was then subjected to materials tests, as described in Section i0.

The resistances and inductances of the three inductors were all

within specifications and compared very well with the original readings, as
evident from Table 8-3. The maximum difference in inductance relative to

prelaunch data is on the order of Z. 5 percent for one of the inductors and

much less for the others. This is all within the limits of repeatability of

test operations, calibration accuracy, and differences between test equipment

used. The values of Q for two inductors are virtually identical with the

original data (not shown in Table 8-3); the Q of 116 for the third inductor

exceeded the original value by about 15 percent, but this is not considered

significant because of the critical dependence on the test equipment, test

parameters (e.g., frequency), and operational techniques. The important

test result is that no effects of exposure to the lunar environment were
observed.

Original weights of the inductors were available for two of the three

parts. For these, the measured weights shown in Table 8-3 are approxi-

mately i percent (0. Z gram) higher. This is attributable to the epoxy/

bonding material adhering to edges of the parts removed.

Measurements of inductance as a function of magnetization current

were then conducted with nominal results. This test was repeated with the

magnetization current applied in the reverse direction to determine whether

any polarization effects were present; results were nominal.

Diagnostic tests of one of the inductors were then conducted, while

another inductor was subjected to materials tests (Section i0). The

encapsulant was removed and examined for visual changes, such as shrinking

or hardening, and the core was inspected for evidence of internal fracturing.

Results were nominal. The inductance of the coil was remeasured after

removal of the encapsulation. Results were identical with the values obtained
earlier.

8. 5 MICRODOT CONNECTOR TESTS

Four circular Microdot series 43 external connectors, mated to the

TV camera, were regurile(/ WL{.ll 511_ _:i[.[.(IEll_U severcu u=u_ _.u_uL_. _-_

of these were of the quick-disconnect, push-pull type. Each connector has
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0. 080 inch contact centers and crimp contacts. Two of the connectors,

attached to the TV cable leading from the mirror assembly to the center

of the lower shroud, were size A (19 pins); the other two on the lower

shroud, attached to the main incoming cables of the camera, were size B

(39 pins).

Examination of the connectors was considered significant because of

the many design and reliability problems observed in space applications.

Connector reliability was of prime concern on the Surveyor program. Of

particular importance was the mechanical integrity of contacts, as measured

by contact separation forces, contact resistance, presence of contamination,
and condition of surfaces.

Since three of the four connectors had been, of necessity, disconnected

during the LRL operations in order to remove the lower shroud, meaningful

tests on the separation forces and contact resistances could only be conducted

on the 19 pin mirror assembly connector, which was carefully left intact

for these tests.;:'*.To provide con_parat[ve readings for the separation forces

and contact resistances and ensure that the planned test procedures would

not compromise the validity of results, a similar nonflight connector was
first tested.

The contact resistances of the individual pins were measured by

recording contact voltage drops. Results indicated that the flight connector

was in good condition. Its contact voltage drops were generally lower than

those measured on the nonflight connector, but these differences were

small. The Icalculated differences in contact resistance between the corre-

sponding pins of the two connectors were in the order of 1 milliohm. The

nonflight connector tested had undergone many disconnect operations during

its life span, which probably accounts for its generally higher resistance

read[ng s.

Contact separation forces were then measured after careful dis-

assembly of the connector for this purpose. This disassembly, which is

described in more detail in Appendix H. 8, entailed cutting of the shell and

removal of the plastic insert. Again, these operations were conducted first

on the nonflight connector and then on the TV camera connector. Results

for 17 of the 19 pins indicated that the average contact separation force

measured for the flight connector was Z. 3 ounces, compared to 2.4 ounces

measured on the nonflight connector. The spread was nominal: 1.2 to

3. Z ounces for the flight connector and i. 5 to 3.5 ounces for the nonflight

connector. Results again indicated that the camera connector appeared to

have been unaffected by the lunar environment.

_':-_Grossconnector unrnating forces were measured during the LRL operations,

as noted in Section 3. Z. 3. These measurements indicated no significant

effects of lunar exposure.
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Figure 8-2. Bent Connector Pin (Photo 00545-1 14) 
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Figure 8-3. TV Camera Connector Peeling of Gold Plating From Base Metal of Contact 
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In the course of the disassembly of the camera connector, it was

noted that two of its pins were bent. Contact separation forces for these

two pins were therefore not included in the above test summary. Figure 8-2

shows one of the bent pins. It is reasonably certain that this occurred prior

to launch, sometime during the manufacturing or test phases. Apparently,

this condition of the pins did not adversely affect the electrical performance.

The TV connector was then subjected to a microscopic and metallo-

graphic examination of its contacts. Evidence of significant gold-plate

peeling was noted, as indicated in Figure 8-3. Results of analysis indicate

that preplating contamination was present, resulting in poor adhesion. The

lunar environment did not cause it, but it presumably aggravated an already

poor condition. The low pressure environment may have caused vapor

pressure gradients to be developed at the plating-base-metal interfaces,

and shear stresses may have been developed at the extremely low

temperatures.

Insulation resistance was then measured between adjacent contacts

at 500 volts dc and between each contact in the connector shell. In all cases,

the insulation resistance was greater than 500 x 109 ohms. This indicates

that no significant degradation occurred in the insert material.

8.6 THERMAL SWITCH TESTS

The two thermal switches on the camera (S/N 530 and 534) were both

Metals and Controls type MZZIL00Z0305ZZ. They were hermetically sealed,

single pole, single throw, designed to normally open above 10°F and to
close at 0°F.

The two thermal switches were first tested on the chassis to validate

their operation. This was done by cooling them with a Freon gas jet and

monitoring their continuity. Results were nominal.

The switches were removed from the camera, visually examined,

and X-rayed. No evidence of any damage or of any effects of lunar exposure

were noted. The switches were then subjected to a seal test in water at a

pressure of i. 3 inches of mercury. No leaks were observed. Contact

voltage drops were then measured at 0. 1 ampere dc. Past data were avail-

able for only one of the two (S/N 530). The 14. Z milliohms measured for

switch 530 was consistent with prior data. The 8.8 milliohms measured

for switch 534 fell within the 8 to 18.7 milliohms range observed during

qualification testing of all the switches, and is well within specifications.

A special test was conducted to assess the values and repeatability

of the opening and closing temperatures of the two switches. Each switch

was cycled five times. Results of this test are given in Table 8-4. It is

noted that both switches were reasonably consistent in their behavior

although the average temperature differential was on the order of 10°F,

exceeding the specification range of 6°F by about 4 °.
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TABLE 8-4. RESULTS OF TEMPERATURE CYCLING OF
THERMAL SWITCHES

Normally Open Above Approximately 10°F

Cycle

Closing
of
switch

Reopening
of switch

Temperature
differential

Switch 530

Temperatures, °F

-0.4 0 1.6 I.Z 1.6

10.08.18.110.09.3

IAverage

Switch 534

Temperatures, °F

10.48.16.5 8.27.7

0.9

9.1

8. Z

0.3

9.9

9.6

0.30 0 0

8.69.97.99.0

8.39.97.99.0

Average

0. i

9.1

9.0

To deternilne whether the cause of this apparent deviation from

specifications can be traced to the effects of lunar environment, switch 534

was subjected to further diagnostic tests. The switch was dismantled by

grounding off its weld bead and ren_oving the case cover. The assembly

was examined n_lcroscopically and the internal parts and surfaces compared

with another commercial con_ponent. No significant anomalies were noted.

Some degree of roughness was observed on the contacts and in the concave

surface of the snap disk. However, in both instances, the area covered

was extremely small. It was concluded that this observation was not related

to the increase in temperature differential. No apparent effects of the lunar

environn_ent were uncovered.

The cause of the apparent discrepancy in the measured temperature

differential between the opening and closing temperatures ren_ains Uncertain.

The switches were apparently in good condition, capable of many more

cycles of satisfactory operation.

During the original qualification tests, all switches were subjected

to five temperature cycles ranging from -185 ° to Z50°C. Although past

history of similar switches indicates that successive cycling tends to

increase the temperature differential somewhat, this alone could not account

for the magnitude of the apparent anomaly.

Two hypotheses can be postulated as most likely causes of the

apparent out-of-specification characteristics: One is that these particular

switches had always, by design, exhibited this son_ewhat larger temperature

_-14

I

I
I

I
I

I

I

I
I

I
I

I

I
I

I
I

I

I

I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

differential, undetected in the original inspection. The second hypothesis is

that the extreme thermal cycling on the lunar environment has, indeed, caused

this change in characteristics. One such conjectured mechanism of change

entails the generation of shearing forces in the bimetallic disk at the inter-

fac% which would change the characteristic of this thermostat. Internal

examination did not indicate any apparent distortion, but an undetectable

permanently set effect could have been induced. No basis is available for a

direct comparison with prior structural characteristics of this switch.

Microsectioning techniques do not promise to be fruitful because the induced

structural distortions would most likely be permanent.

8-15



I
I
I

i

I

I

I
I

I
I

I
!

I

I
I

I

I

I
I

9. OPTICAL COMPONENTS TESTS

9. i INTRODUCTION

The third and last group of components tested were the optical

components, comprising the beryllium TV mirror, the four filters -- blue,

red, green, and clear -- and the elements of the lens contained in the lens

barrel subassembly.

Tests of the TV mirror and of the lens barrel subassembly are

discussed in this section, with supplementary data on details of visual

examination presented in Appendix H. 6. The filters were not tested at

Hughes but were immediately transmitted to the Jet Propulsion Laboratory,

as directed, for analysis under the parallel science program. Subsequently,

selected tests were conducted on the filters at Hughes as part of the surface

contamination studies, discussed in Section ii.

Two sets of tests, performed as part of the science investigation on

the mirror and filter of the camera at the assembly level, are also briefly

reported in Section 9. 2 for the sake of completeness. These tests were

conducted in the Hughes laboratory under the cognizance of J. Renolson,

California Institute of Technology, with the support and participation of

Hughes personnel. They were concerned with the assessment of the effect

of lunar dust and other possible environmental effects on the optical trans-

mission characteristics of the camera mirror and filter. Specifically, these

tests aimed at providing a relative comparison of the magnitude and effect
of dust contamination between the condition of the returned camera and the

condition of the camera on two prior occasions for which data were avail-

able: during the Surveyor mission operations in April 1967 and just before

removal of the camera from the spacecraft by the astronauts. The tests

included collimated light photographs and evaluation of the contrast attenu-

ation of the mirror assembly.

Optical tests of the lens elements and mechanical tests of the barrel

subassembly reported here were conducted by Bell and Howell, the original

manufacturers of the lens barrel. This work was done under a Hughes sub-

contract. The tests were performed on the lens barrel as a unit; the barrel

is thus considered to be an optical component.
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9. 2 SPECIAL PHOTOGRAPHIC AND OPTICAL TESTS BY SCIENCE
IN VESTIGAT ORS

9.2. 1 Collimated Light Photography

A series of photographs was taken with the camera mirror assembly

illuminated with collimated white light at the same angle as that of the sun-

light during the lunar photography sequence. A series of exposures was

taken at various camera angles, duplicating several of the closeup photo-

graphs by the Apollo 12 astronauts on the moon. Comparison between the

photographs of the retrieved camera with those taken by the astronauts will

provide information for assessing whether any removal or distribution of

dust from the mirror had occurred during the retrieval operations and

post-return handling.

Initial attempt to take these pictures in the LRL was limited by the

low intensity of the available light source, with attendant loss of detail due

to small disturbances during the long exposure. The tests were conducted

successfully in the Hughes laboratories immediately upon receipt of the

Surveyor III camera.

Detailed evaluation has not yet been completed. Preliminary

examination of the photographs indicates that no significant changes occurred

in the dust layer relative to the pictures taken by the astronauts on the moon.

Results of the completed evaluation will be reported separately.

9. 2. 2 Evaluation of Contrast Attenuation of Mirror Assembly

The second series of tests was conducted to determine the effect

of dust and possible other effects on the optical transmission of the mirror

and filter optical subsystem of the camera. During Surveyor III operations

on the moon, a substantial contrast attenuation was noted. This was attri-

butable to the deposition of dust or pitting of the mirror caused by the

abnormal landing of the spacecraft. In addition, there was evidence of

considerable veiling glare (scattering light) for pictures taken with the

sunlight shining on the moon. ;',_

Measurements were made on the entire mirror assembly as part

of the assessment of the condition of the returned optics. These measure-

ments were conducted primarily to provide a comparison of the conditions

following the return of the camera with those during the operations of the

Surveyor III on the moon.

;:_Described in Reference i0 and Section 9.4 below.
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The returned Surveyor IIl mirror assembly (including the primary

mirror and filters) was installed on a spare Surveyor camera immediately

after the removal of the mirror assembly from the Surveyor camera, as

discussed in Section 4. I. Contrast attenuation of a known image by the

mirror and neutral density filter combination was measured both with and

without simulated sunlight (from a xenon lamp) incident on the mirror.

Analysis of results of these tests has not yet been completed.

Preliminary evaluation of the scattered light measurements indicates that

more dust appears to be present than during the Surveyor III mission

operations. This, however, may be a result of the mismatch between the

spectral response of the vidicon and the spectral characteristics of the

contrast image (tungsten source) and the lamp used for simulating the

incident sunlight (xenon source). A detailed analysis of these and other

optical test results must be completed before firm conclusions can be

reached. Results of these tests will presumably be reported separately.

9. 3 TESTS 09- TV AZIMUTH MIRROR

9. 3. 1 Mirror Description

The TV azimuth mirror was manufactured by electrodepositing

nickel plating (lianigen) over a beryllium substrate. The backside of the

beryllium substrate was machined to achieve a "waffle" effect. The

lianigen plating was then polished, and a reflecting surface of vapor-

deposited aluminum was applied over it. A coating of silicon oxide was

then applied to the aluminum.

Alurninu:]] foil was bonded to the back surface to prevent lunar

dust from collecting in the ribs during landing of the Surveyor. Any dust

so collected might later fall into the optical assemblies as the azimuth

mirror was tilted during camera operation.

Because of differences in the coefficients of thermal expansion

between aluminum and beryllium, a slight warping of the mirror sub-

strafe was incurred during bonding of the aluminum foil. This warping

was not noted until after the launch of the fourth Surveyor spacecraft.

Beginning with Surveyor ¥, the manufacturing process was corrected by

substituting stainless steel for aluminum, and flatness measurements of

the mirror were made prior to launch. While it is strongly suspected that

the Surveyor III TV mirror had sustained this manufacturing curvature, no

original data were available for a direct comparison of flatness
measurements.

9. 3. 2 Test Plan

Tests of the azimuth mirror entailed visual and microscopic

examinations, measurements of spectral reflectance, and deter1_ination
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of surface flatness. These tests were performed several times, as

summarized in Table 9-i. Early examination and testing were conducted

to obtain original data before any changes that might result from subsequent

handling (such as partial loss of dust coating). Later tests after ren_oval

of the mirror were conducted partly because of better access and partly

to obtain data on any changes that might have occurred.

Certain constraints were imposed on the conduct of these tests.

Because of the desire to retain the optical surfaces reasonably intact for

subsequent science investigations, it was directed that no touching, clean-

ing, or otherwise damaging of the surface of the mirror be permitted, and

no disassembly of the mirror was made.

9. 3. 3 Visual Examination

As indicated in Table 9-1, detailed visual examination was conducted

before removal of the mirror assembly and, again, after the removal of

the mirror 2 months later. Results of the initial examination were sum-

marized briefly in Section 3.4.5. The appearance of the mirror was shown

in Figure 3-27 for two different lighting conditions. _':"

The azimuth mirror had a uniform layer of material over the sur-

face. The material was grey and had the appearance of fine dust particles.

The mirror appeared either very diffuse or specular, depending on the

lighting and viewing angle.

As shown in Figure 3-27 and on the frontispiece, a mark was made

over the top section of the mirror by one of the astronauts when he wiped

its surface with his finger prior to the removal of the camera on the lunar

surface. This wiping was done as a contingency test in the event that the

camera could not be retrieved. The astronauts took photographs of the

mirror before and after wiping in an attempt to obtain some information

on the condition of the surface. This wiped area was noted to be cleaner

than the rest of the surface; however, it was also covered with small

particles of dust.

Several bands were noted on the mirror surface. On close inspec-

tion, these appeared to be a result of variation in thickness and composition

of the dust coating. The lower band, very faint, appeared to coincide with

the outline of the mirror housing; at a particular viewing angle, this band

was seen to be aligned with the opening of the lower part of the mirror

housing. The upper, broad band showed interference color patterns when

viewed under oblique lighting. Further analysis of the mirror optical

surface was to be conducted later as part of the parallel science program

under JPL coordination.

;:=Black and white replicas of original color photographs.
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The mirror did not appear to be affected physically. Microscopic
examination at a magnification of 40X did not reveal evidence of delami-
nation of the vapor-deposited aluminum or of the nickel plating. There
was no apparent spallation of the silicon oxide coating.

9. 3.4 Specular Reflectance Measurements

Reflectance measurements of the mirror were originally intended

to determine if any damage had occurred to the primary reflecting surface

or to the silicon oxide overcoating. This original objective had to be modi-

fied when it was noted that the mirror was severely coated with dust

particles believed to be of lunar origin, with some possibility of the pres-

ence of products of outgassing. Since a large amount of scattering was

caused by this contamination and since removal of the coating was pro-
hibited, the reflectance measurements were performed primarily to obtain

more information on the nature of the contaminant materials. However,

by inference, some estimates on the condition of the mirror could also be

made.

Reflectance measurements entailed three interdependent tests:

those made by Hughes, reported below, those measured in the Hughes

Surveyor Laboratory by science investigators under JPL coordination and

with Hughes assistance, and those made at various institutions after

transfer of the mirror to JPL. It is presumed that the latter two will be

reported separately.

The Hughes measurements were conducted at near-normal incidence

viewing the specularly reflected portion of the incident collimated beam

of light. The other sets of measurements, conducted at several wave-

lengths, were performed goniometrically over a wide range of incident and

reflected angles. These will thus provide spatial and spectral reflectance

characteristics for optical performance evaluation, as well as data of

potential use for identification and determination of the optical properties
and effects of the dust contaminants. In addition to providing basic data

on the apparent change in reflection, the Hughes measurements of specular

reflection as a function of wavelength could also shed some light on the

nature of the contaminants. The structure of the reflected spectrum could

be examined for major trends (such as dominance of attenuation in yellow,

blue, or other bands) or for the presence of specific absorption peaks,

characteristics of certain organic materials.

The specular reflectance measurements, as noted in Table 9-i,

were conducted at three different times over the wavelength band from

about 0. 35 to i. 3 microns. The experimental setup is shown in Fig-

ure 9-i _:'. The xenon source was calibrated at each wavelength, using a

;:-'Science measurements used the same source but a goniometric photom-

eter for the detector.
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Figure 9-2. TV Mirror Regions Measured for Reflectance

path length equal to the total source-radiometer distance; so the values of

reflectance obtained represented the true ratios of energy reflected by the

mirror to that produced by the source. The light source illuminated a

region approximately 2 inches in diameter on the mirror. The radiometer

collected the specular components, as well as the scattered energy within

the 6.46 x 10-4 steradian solid angle subtended by its entrance aperture.

Figure 9-2 shows the five regions of the mirror for which reflec-

tance measurements were conducted. Region 2 was in the area that had

been wiped by one of the astronauts on the moon before the removal of the

camera. Regions 1 and 3 were representative of areas with most of the

contamination. Region 4 was representative of an area that was reasonably
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well protected and exhibited much less scattering when viewed at large

angles of reflection. Region 5 was in the center of the previously noted

discoloration band and represented the transition area between the relatively

clean and dusty portions of the mirror.

The results of the specular reflectance measurements are plotted in

Figures 9-3a, b, and c for regions l, 2, and 3, and 4 and 5, respectively.

The initial measurement on the TV camera was conducted only on region i.

The second measurements on the mirror assembly were conducted on regions

i, 2, and 3. The final measurements on the disassembled mirror were

conducted on all five regions, including regions 4 and 5 in the lower portions

of the mirror, previously inaccessible.

It is evident from Figures 9-3a and b that reflectance increased with

time. This was particularly true for the most heavily contaminated

region 1 and for the disturbed area on the "wipe" in region 2. The

increase in reflectance in the visible part of the spectrutn between the

time that the mirror was on the camera, and the measurement taken after

its removal was on the order of i0 percent. This increase is probably

the result of loss during storage and in handling of some of the original

dust.

Reflectance of all regions was substantially lower than the original

value of 88 percent in the visible part of the spectrum, particularly for

the measurements made early prior to handling. Reflectance of the more

heavily contaminated regions 1 and 3 was then in the I0 to 15 percent

range. The relative flatness of these depressed reflectance values over

the visible spectrum range suggests that the scattering particles were of

much larger size than the wavelengths. The reflectance of the "cleanest"

region (4) was in the range of 50 to 60 percent in the visible part of the

spectrum, much closer to the original values but still substantially

reduced.

Characteristic absorption bands are evident on the figure. The

most dominant absorption region at 0. 49 micron can be seen on all three

curves, and additional absorption maxima at 0. 9, i. 0, and i. 3 microns

are noticeable in region 4 in Figure 9-3c°

It is not possible without cleaning the mirror to state definitely

that the degradation in reflectance is attributable entirely to the deposited

contamination. There is a strong suspicion, however, based on the above

discussion, that this might be the case.

Detailed evaluation of the mirror is being conducted separately as

part of the related science plan and presumably will be reported separately.

9. 3. 5 Measurement of B_irror Flatness

The flatness of the Surveyor Ill TV camera was measured to

determine whether any distinct significant changes had occurred as a

result of exposure to the lunar environment. Although flatness measure-

9-9



I 
--e 

Figure 9-4. Test Setup for Original Measurement of Flatness of T V  Mirror on Mirror 
Assembly (Photo 4R14065) 

SPHERICAL M I R R O R  8 
ul e 
+J 
N 
N 

c" 

- 
C - 

S U R V E Y O R  M I R R O R  I 
I N T E R F E R O G R A M  

Figure 9-5. Illustration of Double-Pass Interference of Flatness Measurement 

9-10  



I

I
I

I
I

I

I

I
I

I
I

I

I
I

I

l

I
I

I

ments had not been made on this particular mirror prior to the Surveyor IIl

launch, some inferences could be made based on preflight flatness measure-

ments made on other Surveyor TV can_era mirrors.

Initial flatness measurements were attenpted on the mirror assembly.

This setup, shown in Figure 9-4, utilized a Tinsley unequal path laser

interferometer. _:'_The TV mirror, interferometer, and auxiliary spherical

_irror were placed on a vibration-isolated granite block. The auxiliary

spherical mirror, accurate to one-eighth of a wavelength, was required

by the optics of the setup illustrated in Figure 9-5 in order to redirect the

light reflected from the T¥ mirror. The double reflection obtained thereby

resulted in a much stronger interference pattern which could then be photo-

graphed. However, this double-pass interference condition required proper

interpretation of the resulting patterns because any error in the mirror

flatness was evidenced as double the actual amount. Pictures of the inter-

ferogram were taken by a Super Graphic press camera, shown in Figure 9-4,

and recorded on 4 x 5 Polaroid film.

The initial measurement on the mirror assembly was only partially

successful. Access to portions of the mirror was poor, and the relative

orientation of the mirror required a separate low-contrast flat reference

mirror, which was not available. Only a dim unstable image of the inter-

ference pattern could be seen by eye but could not be photographed.

Attempts were made to look at the surface by using only the laser beam.

However, the area measured was too small.

After removal of the mirror from the mirror assembly, the flatness

measurement was perforn_ed using essentially the same setup as shown in

Figure 9-4 but with the mirror attached at its pivot supports to a holding

mount by means of two rods. The Twyman-Green interferometer was

replaced with a Davidson 5 inch Fizeau-type interferometer.

Figure 9-6 shows three of the interference patterns recorded. Fig-

ure 9-6a is of the central region of the mirror, and Figures 9-6b and c of

the right and left regions, respectively. The right region on Figure 9-6b

corresponds to the area of the swipe made by the astronaut. Results were

indicative of the saddle-shaped surface. The irregular pattern obtained

in Figure 9-6a shows approximately seven to eight fringes of irregularity

across the surface. These figures are quite similar to the patterns seen

in the earlier examination of the mirror on the mirror assembly, as noted

above.

Studies of these patterns indicated that they were attributable to

the deformation of the mirror blank in the original manufacture, as men-

tioned in Section 9. 2. i. Absence of original data did not permit a quanti-

tative comparison. However, it was concluded that no evidence could be

gleaned from the results obtained that would suggest any changes resulting

from lunar exposure.

_':_Modified Twyman-Green interferometer combined with laser source.
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a) Center of Mirror (Photo 00545-123) 

b) Right Region of Mirror (Photo 4R15371) 

c) Left Region of Mirror (Photo 4R15369) 

Figure 9-6. Interference Patterns During Flatness Measurements of TV Mirror 
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9.4  TESTS OF LENS BARREL SUBASSEMBLY 

9. 4. 1 DescriDtion 

The lens  b a r r e l  subassembly ,  shown in F i g u r e  9-7, c o n s i s t s  of the 
bas i c  optical  l ens  b a r r e l ,  side plates ,  and c i r c u m f e r e n t i a l  r ing g e a r  
control l ing the foca l  length,  focus ,  and i r is  set t ings.  Th i s  subassembly  
w a s  removed f r o m  the l ens  a s sembly  upon complet ion of the opt ical  sub -  
a s s e m b l y  t e s t s ,  d i s c u s s e d  in  Section 5, f o r  t e s t s  at t he  component level ,  
r epor t ed  in th i s  section. 

The a s soc ia t ed  g e a r  t r a i n s  , m o t o r s ,  and poten t iometers  no rma l ly  
dr iv ing  the r ing g e a r s  had been removed; s o  t e s t s  at the component l eve l  
w e r e  pe r fo rmed  without any a l te ra t ion  in se t t ings  of the t h r e e  functions.  
The pr inc ipa l  effect  w a s  that  sett ing of the focus ce l l  could only be e s t i m a t e d  
f o r  resolut ion m e a s u r e m e n t s .  

F o r  the opt ical  t e s t s ,  the  lens  b a r r e l  subassembly  was mounted on 
the lapped seat ing s u r f a c e s  of the side plates.  
w a s  improved by t e m p o r a r i l y  replacing four  of the s c r e w s  at taching the 
l ens  s ide  plates  t o  the two separa t ing  plates.  
found m i s s i n g  on the r e tu rned  camera .  

The r igidi ty  of the a s s e m b l y  

These  four  s c r e w s  w e r e  
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9.4. 2 Test Plan and Procedures

Tests of the barrel subassembly were conducted at Bell and Howell

under a subcontract from Hughes. The objective of these tests was to

determine whether exposure to the lunar environment of this fairly well

protected subassembly had produced any significant effects, such as con-

tamination of optical surfaces by outgassing or dust, degradation of optical

properties, or other physical or mechanical effects.

Ground rules for these tests stipulated that the lens barrel assembly

should not be dismantled and that no films or contaminants were to be

removed from the optical surfaces. Consequently, the lens barrel sub-

assembly was returned to Hughes upon completion of tests in the same

physical condition in which it was received by Bell and Howell.

The plan included a detailed visual examination, measurement of

optical properties, i.e. , resolution and transmission, and an assessment

of mechanical characteristics. Standard Surveyor test procedures,

properly modified and approved by Hughes, were followed in perforI_ing

the optical and functional measurements.

The detailed visual exan_ination was perforn_ed on the external

optical surfaces, on the internal optical surfaces, and on the external

supporting surfaces. The results are presented with reference to the

following orientation of the lens barrel in Figure 9-7: the lens barrel

was viewed from the front, with the side plates vertical, the reflex con-

denser at 9 o'clock, and the focus cell rotated clockwise to the infinity

end stop.

The setting of the focus ceils for the resolution test was estimated

by counting ring gear teeth for the 12 foot focus distance. The focus end

stop position had to be used in the lens transmission test, corresponding

to infinity in vacuum, instead of the equivalent air focus setting I-i/2

degrees from the stop, but this difference is not considered significant.

Lens centering in the resolution test was accomplished by adjustment of

the mounting system rather than by the usual adjustment of screws retain-

ing the focus antibacklash spring (these screws were sealed). A mechani-

cally different, but functionally equivalent, mount was used for the optical

transmission test in place of the original test adapter which could not be

located.

9.4. 3 Visual Examination

Details of the visual examination are presented in Appendix H. 6.

This examination included external optical surfaces, internal optical
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surfaces, and mechanical support surfaces. The summary of these

findings is as follows:

i) A fog-like thin film was observed on a portion of the beam-

splitter plate. This fog could have resulted in a small veiling

glare. The source of this contamination is believed to be,

most likely, the outgassing of the burned-out shutter coil,

discussed in Section 5.5. Similar deposits were noted on the

adjacent prime lens cells structure.

z) A very thin film, giving a highly specular reflection, was

observed on a small portion of the front lens surface. The

effect of this film on the total optical transmission of the lens

was minor. Similar films had previously been noted after

thermal-vacuum tests and were attributable to oil deposits

from the diffusion pump. The film was not removed for analysis

of contaminants because of the imposed handling restrictions,

but it is believed that additional outgassing contributions attri-

butable to the lunar exposure may be present.

3) Two small internal fractures were noted on the edge of the

glass elements of the zoom (focal length) cell similar to the

fractures observed earlier on many lens barrels. The frac-

tures were much too small to significantly affect the lens

performance and were attributed to the difference in thermal

expansion of the glass and the retaining epoxy. This minor

design deficiency was never corrected because the impact on

the Surveyor program was not considered justified. It is

reasonable to assume that these fractures may have been some-

what aggravated by the thermal cycling on the moon.

4) Some "water spots" were noted on the reflex condenser lens,

similar to those observed earlier after the preflight thermal-

vacuum testing. These had a negligible effect on the

performance.

Minor spots, discolorations, gouges, nicks, and microseal

dust and other particle contaminants were noted on the optical

surfaces and on some of the adjacent structural surfaces.

These are attributable to preflight handling although some of

the discoloration of the structural surfaces may have been

enhanced by the effect of solar radiation. The effects of the

aggregate of these findings on the performance were negligible.
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The film on the beamsplitter(item labove)is the only obvious effect

of the exposure to the lunar environment although it is probably a result

of a secondary failure, as noted in Section 5. 5. Lunar low temperature

exposure n_ay have contributed to the film on the front lens surface (item 7),

and to the small fractures on edges of the focal length cells (iten_ 3). The

conclusions of the visual examination therefore indicated that the lens

barrel subassembly withstood the lunar exposure exceedingly well.

9.4.4 Functional Measurements

Functional n_easurements performed included nleasurement of the

resolution of both focal lengths, measurement of the optical transmission

of the lens subassembly, and a mechanical check of the length adjustn_ents:

focal length ring gears, and iris and focus adjustn_ents and antibacklash

springs.

The resolution of both focal lengths compared well with original

data. The small changes noted were well within expectations. The

average values obtained were 95. 0/mnl at the effective focal length of

25 mm and 91. 5/mm at the effective focal length of I00 mln.

The projected image showed a small increase in the veiling glare,

attributable to and consistent with the discovery of the film on the beam-

splitter, discussed above. The image contrast was still very good. No

image effects traceable to the internal fractures at the extren_e edges of

the glass element of the zoom cell, discussed above, were noted. The

lens was rotated about its mechanical axis at both focal length. Both the

lens and the projected image were examined. The irregular fracture

areas appeared dark but produced no noticeable anxount of reflected light.

Results of lens transnlission measuren]ents are shown in Figure 9-8

in relation to the plot of n]ini_num specification requirements. Original

test data, measured in March 1965, are also indicated in Figure 9-8 for

co_nparison. The measurements were taken at an effective focal length
of i00 ram.

It is seen that a slight decrease in optical transmission occurred

although the new values are still close to specification requiren_ents. The

loss relative to this March 1965 data was on the order of 5 percent of

transmission, that is, on the order of 8 percent of original values.

Departure from the specification requirement occurred only in the 0. 5 to

0. 6 micron region; maximum deviation was about 4 percent.

The observed loss in transmission is likely the result of the dust,

film, and contan_ination, discussed above, particularly the film on the

beamsplitter. It should be noted that the greatest decrease in the optical

transmission relative to the original data was at the shorter wavelengths.

9-16

I
I

I
I

I

I
I

I
I

I

I
I

I
I

I
I

I

I

I



I

I
8O

I _ 70 _) C

I / \
50 ,, I I

0
0

L

I
I

I

I
I

I

I

40
n.

I'- 30
I-
-r

__20

lO l
0.35 0.40 0.45

MINIMUM SPECIFICATION REQUIREMENTS

I I
O ORIGINAL TEST DATA, MARCH, 1965

Z_ TESTS OF RETRIEVED CAMERA

0.50 0.55 0.60 0.65 0.70 0.75 0.80

WAVELENGTH, MICRONS

Figure 9-8. Results of Lens Transmission Measurements

This is consistent with the postulate that the effect was caused by deposits

of small dust particles. The shielded location of the lens would be expected

to preclude significant radiation damage. This would also result in the

greatest decrease of optical transmission at shorter wavelengths.

Removal of these contaminants would be expected to lead to a much

improved optical transmission plot. The Bell and Howell recommendation

to do this could not be implemented because of the restrictions on the

removal of contaminants. However, even with this small degradation of

optical transmission, the lens would be expected to function well.

I

I
I

I

I

I
I

Mechanical measurements indicated that all lens adjustments were

functioning properly. The three ring gears had a "positive feel" at their

end stops, indicating full travel.

Some roughness was noted in the focal length adjustment. Maximum

ring gear torque was measured in both the vertical and horizontal lens

postures. The vertical torque measured in moving the zoom lens adjust-

ment from the 25 mm position to the i00 mm position was 5-i/2 in-oz. In

the reverse direction, similar values were recorded until the vicinity of

the 25 mm stop was reached. At this point, peak values of torques were

measured to be 16 in-oz vertical and 14 in-oz horizontal. This compares

with the original measurement of 4. 2 in-oz of horizontal torque. It should

be noted that in this orientation, near and toward the 25 mm stop, the cam

slot is very steep and the ring gear is essentially lifting vertically the

entire weight of the zoom cell. This increase in focal length adjustment

torque is undoubtedly due to the effect of the lunar environment. Even

with this increase, the torque was still within specification.

The iris and focus adjustments felt smooth. The end tie backlash

springs were found to be in good condition and functioning properly. The

iris blades were also functioning as well as they did originally.
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I0. MATERIALS TESTS

I0. I OBJECTIVES AND SCOPE OF TEST PROGRAM

One of the most important objectives of test and evaluation of the

returned Surveyor III television camera was to determine the degree of

change or degradation of the variety of materials in the camera caused by

their prolonged exposure to the lunar environment and to compare these

changes with predictions. Therefore, this information may be more widely

applicable to future space programs than the specific data presented in the

other sections on particular components, circuits, or subassemblies.

Within the limited scope of the program, these studies were conducted

to emphasize potential applicability of test results. Materials were selected

that would be of most general interest to space system designers, and partic-

ular attention was given to the evaluation of parameters most vulnerable

to space exposure. Any changes observed were carefully examined to deter-

mine their specific relation to the lunar environment.

Sufficient samples were not available, in general, for standard

materials tests. Consequently, special nonstandard comparison tests were

devised whereby properties and characteristics of retrieved Surveyor III

camera materials were compared with those of a similar nonflight camera

available from the Surveyor program stores. These tests proved to be very

informative. Throughout this section, reference is made to these parallel

tests of the spare camera, which had previously undergone type approval

tests; this camera is designated as the TAT camera. In some cases, com-

parison tests were also conducted on Surveyor parts (e.g. , chassis) avail-

able from program stores. Visual observations and test results were also

compared with specifications, prior data, and predictions, as applicable.

Materials selected for the study, and the tests conducted, are grouped

for convenience into the following six major categories:

i) Electric circuit materials

Z) Electrical insulation _m_ateria!s

I0-I



TABLE I0-I. TV CAMERA MATERIALS SELECTED FOR TEST AND

EVA LUA TION

Material Type Location on Camera

Electric Circuit Materials

Epoxy fiberglass circuit

circuit boards

Solder

Terminals

Wire

Conventional board gold or solder plated

etch resist

Board reinforced with foam and

aluminum

Resin cored, Sn60

Bifurcated

Silvered copper strand insulated with

teflon FEP and polyimide

Silvered copper strand covered with

steel coaxial conductor insulated with

teflon FEP and TFE

Internal chassis

Internal chassis

Circuit boards

Circuit boards

Internal harness

Electrical Insulation Materials

Polyurethane foam Polyester-toluene-di-isocyanate Circuit boards

Conformal coating Epoxy-polyamide-polyamine-copolymer Circuit boards

Potting compound Diepoxide of bisphenol A Vidicon yoke

Organic (Polymeric) Materials

Teflon

Nylon

Polyimide

TFE

6 and 6,6

Exterior of mirror housing

Exterior of mirror housing

connector

Wire insulation, internal

and external

Adhesive Materials

Adhesive Unfilled epoxy polyimide

Alumina epoxy polimide

Epiphen 825A

Epibond 104

FM 1000

Eccobond 57C

Chassis

Chassis

Mirror housing

Mirror housing

Chassis

Chassis

Bearing lubricant

Gear lubricant

Potentiomete r carriage

Potentiometer wire

Lubricants: Friction and Wear

Lubeco 905

Barden Bartemp

Microseal

DAP

Karma

Thermal Control Coatings

TV mirror support

Iris potentiometer and

mirror elevation drive

Mirror elevation drive;

various potentiometers

Various potenttometers

Zoom potentiometers

Inorganic white paint

Organic white paint

Organic black paint

Polished aluminum

China clay (calcium silicate in

potassium silicate}

3M velvet

3M velvet

6061 - T4

I0-2

Exterior surfaces of camera

Back of mirror

Interior of mirror housing

Bottom of TV camera
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3) Organic {polymeric) materials

4) Adhesives

5) Lubricants, friction, and wear

6) Thermal control coatings

Materials selected for tests in each of the above categories and their loca-
tion on the television camera are summarized in Table 10-1.

Additional supporting data are presented in Appendix I. Results
obtained and conclusions on the effects observed are included in the discus-

sion in this section of each of the six categories. A summary assessment

of the results of materials tests is presented in Section 1.

Additional materials tests were also conducted under the companion

NASA contract on the other returned Surveyor III parts. These tests,

reported separately in Reference 15, complement some of the findings

reported here.

10. Z ELECTRIC CIRCUIT MATERIALS

10. Z. 1 Introduction

The electric circuit materials tested included circuit boards, inter-

connections, and internal wire and cable. The circuit boards tested included

six chassis (A1, AZ, A3, A4, A5, and A6) from the Surveyor III TV camera,

as well as five spare chassis available from the Surveyor program, identical

to chassis AI through A5. The internal wire and cable included the unshielded

hookup wires and a coaxial cable.

The six Surveyor III chassis have been described in some detail in

Section 4; Figures 4- 1Z through 4- 14 in Section 4.8.4 illustrated their gen-

eral appearance, and the cordwood module construction of the camera was

discussed in Section 4.3. Several types of construction were represented:

conventional and foam-reinforced mother boards, cordwood modules, and

terminal boards. The etched circuits used were both gold plated and fused

solder plated.

Chassis A1 and AZ entailed a conventional mother board construction

with plated-through holes, using either gold or solder plate as the etch resist.

The base material was G-10 epoxy fiberglass. These chassis each contained
a combination of cordwood modules and terminal-mounted discrete com-

ponents. A minimum of 0.0015 inch of copper was used in the plated-through
holes.
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Figure 10-1. Etched Circut Board Sandwich Construction

Chassis A3, A4, A5, and A6 were foam-reinforced mother boards

constructed of relatively thin circuit board, reinforced With foam, and

faced with aluminum to form a stiff lightweight sandwich construction

(Figure i0-i). Gold or solder plate was used as the etch resist.

Cordwood modules were used on the two conventional mother boards

chassis A1 and AZ, as well as on two of the four foam-reinforced mother

boards, chassis A5 and A6. The etched circuit cards used to interconnect

the leads were fabricated with redundant circuit patterns on each side of an

8 mil core of G-10 epoxy fiberglass. As with the mother boards, the hole

plating was a m_n[mum of 0.0015 inch copper, and the plated resists were

either gold or tin-lead.

The solder used to assemble the cordwood modules and to attach

the components to the terminals in the mother boards was an Sn60 tin-lead

alloy, in accordance with QQ-S-571. Resin-cored solder used was Eester

44, an activated type conforming to type RA or QQ-S-571.

All terminals used in the circuit board assemblies were bifurcated.

The terminals were gold plated and after installation were soldered to the

circuit traces to ensure good electrical connection.

The boards of the Surveyor III TV camera and of the spare camera

are listed and identified in Table 10-2. The number and location of the

gold-plated and solder-fused samples tested are also shown in this table.

The hookup wire examined consisted of an unshielded silver-coated

AWG-Z4 stranded copper alloy conductor, insulated with an extruded teflon

FEP primary coating and a thin polyimide coating. This wire, referred to

as ML-FEP wire, was manufactured to a Hughes material specification by

Suprenant Manufacturing Company of Clinton, Massachusetts. In addition,

selected tests were conducted on samples of AWG-Z4 wires, covered by

teflon TEE insulation, from the focal length motor and from the filter wheel

potentiometer.

The internal coaxial cable tested was a seven-strand 95 ohm _mpe-

dance cable. The AWG-34 steel inner conductors were copper covered and
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TABLE lO-Z. CIRCUIT BOARD MATERIALS
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Mother Board

Gold Plated Solder Fused

Chassis Conventional Foam Conventional Foam
Reinforced Reinforced

Surveyor III TV Camera

A1

AZ

A3

A4

A5

A6

AI

AZ

A3

A4

A5

i

Spare Surveyor TV Camera

i

Totals i 3 3 4

Cordwood

Modules

Gold Solder

Plated Fused

5

4 3

Z 3

z 6

5

8 34

Terminal

Boards

Gold Solder

Plated Fused

1

1 I

silver coated, with teflon FEP insulation. The AWG-38, silver-plated,

braided copper wire outer conductor was insulated with teflon FEP. A

section of the removed external TV cable was also examined.

10.Z.Z Visual Examination of Circuit Boards and Interconnections

A visual microscopic examination was conducted at magnifications

to 60X on the six Surveyor III camera chassis and on the five spare chassis

listed in Table 10-Z. Summarized below are some of the significant anomalies

noted that are attributable to exposure from the lunar environment, as well

as certain fabrication and workmanship details which might be useful for the

selection of materials or processes for future space applications.

Severe cracking of the conformal coating was observed on the

chassis, especially in the thicker sections around the discrete components.

Heavy buildup in these areas was used to bond and fillet the component

bodies to add mechanical integrity to the component assembly. Conformai

coatings, subsequently studied in more detail, are discussed in Section 10.3.3

and 12.7. As noted there, some of this cracking had been present prior to

launch.
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Figure 10-2. Solder Flux on Cordwood Module of Chassis A1 (Photo 00545-171) 

Flux  res idues  w e r e  observed in and around the  so lder  joints on five 
of the six Surveyor  111 c h a s s i s  but not on the s p a r e  TV c h a s s i s .  
of flux on cordwood modules was smal l  for  the most  p a r t ,  consisting of small 
f lecks around t e r m i n a l s  which w e r e  mounted through a m e t a l  c h a s s i s  and foam 
c o r e  on the foam-re inforced  mother  boards .  This type of construct ion of fe rs  
l imi ted  access ib i l i ty  f o r  thorough cleaning and flux removal .  No evidence of 
d e t e r i o r a t i o n ,  such  as  c o r r o s i o n ,  was  noted on any of the a s s e m b l i e s .  The 
appearance  of the s o l d e r  f l u x  on a cordwood module of c h a s s i s  A - 1  is shown 
in  F i g u r e  10-2.  

The amount  

The s o l d e r  joints  on t h e  cordwood modules w e r e  examined careful ly  
to d e t e r m i n e  whether  any cracking  o r  o ther  effects w e r e  p r e s e n t .  ::: 
anomal ies  w e r e  found. 
board of Surveyor  I11 c h a s s i s  A - 1 ,  A-2,  A-3 ,  and on the s p a r e  c h a s s i s  A-3 
had a wrinkled a p p e a r a n c e ,  as  shown in  F i g u r e  1 0 - 3  f o r  Surveyor  111 
c h a s s i s  A - 1 .  The wr inkles  w e r e  formed when w i r e s  w e r e  so ldered  to  
t e r m i n a l s  a l r e a d y  s o l d e r e d  to  the mother  board and epoxy coated. 
hea t  of this operat ion melted the so lder  under the cured epoxy coating. A s  
i t  cooled, i t  reshaped  i tself  and the coating into the new shape .  
connections with a generous  s o l d e r  fillet displaycd this phenomenon. 

No 
However ,  many of the so lder  joints on t h e  mother  

The 

Only those 

.I, 

This  had been noted on e l e c t r i c a l  chass i s  of the Surveyor  landing r a d a r  
s u b s y s t e m ;  it had caused significant problems during the Surveyor  t e s t  
p r o g r a m  and concern  during the Surveyor m i s s i o n s .  

10-6 
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Figure 10-3. Wrinkled Solder Joint on Mother Board of Chassis A I  (Photo 00545-172) 

One cordwood module each  on Surveyor  I11 c h a s s i s  A - 1 ,  A-5, and 
A - 6  showed s o m e  evidence of having been sanded a f t e r  the so lder ing  ope ra -  
ti.on and before  epoxy coat ing,  presumably  to m e e t  height r e s t r i c t i o n s .  
T h e r e  was no evidence that  this  sanding was in any way de t r imen ta l  t o  the 
module .  Some d e g r e e  of "meas l ing"  was a l so  obse rved  on a t  l e a s t  one 
cordwood module c i r cu i t  boa rd  on each of the s i x  Surveyor  111 c h a s s i s ;  
however ,  no anomal i e s  r e l a t ed  to this w e r e  noted. 

1 0 .  2 .  3 Phys ica l  T e s t s  of Ci rcu i t  Boards and Interconnect ions 

The phys ica l  t e s t s  conducted included the following: 

1 )  

2 )  Solderabi l i ty  of bifurcated t e r m i n a l s  

Solder  joint  meta l lurg ica l  examinat ion and pull s t r eng th  

3)  P e e l  s t r eng th  of conductors  

4 )  Specific g rav i ty  of c i rcu i t  board m a t e r i a l s  

5) Circui t  board  ha rdness  

1 0  - 7  



Figure 10-4. Void in Solder Joint of Cordwood Module (Photo 00545-173) 

Metal lurg ica l  Examinat ion  of Solder  Jo in t s  

Eight different  so lde red  connect ions,  s i x  f r o m  cordwood modules  
and two f r o m  c a r r i e r  b o a r d s ,  w e r e  mounted in p l a s t i c  and c ross - sec t ioned  
f o r  a thorough me ta l lu rg ica l  examinat ion of the jo in ts  a t  va r ious  magnif ica-  
t i ons .  
m i n o r  manufacturing defec ts  in t e r m i n a l  instal la t ion not affect ing p e r f o r m a n c e  

The only anomal i e s  noted w e r e  voids i n  s o l d e r e d  jo in ts  and s o m e  

F i g u r e s  10-4  and 10-5 a r e  typical  examples  of the ex tens ive  photo- 
graphic  analysis  that  was  c a r r i e d  out. 
in the so lde r  joint  of a cordwood module. F i g u r e s  10-5a  and b show c r o s s  
sec t ions  of typical s o l d e r  jo in ts  mated to  the c i r cu i t  boa rds  by a r e s i s t o r  
and a diode lead,  r e spec t ive ly ,  taken a t  a magnif icat ion of 50X. 
shows a c r o s s  sec t ion  of t he  so lde r  joint  between a s t r a n d e d  w i r e  and the 
bifurcated t e r m i n a l  a t  a magnif icat ion of 30X and i l l u s t r a t e s  a n  incomple te  
fi l l ing of the plated-through hole  with s o l d e r .  

F i g u r e  10 -4  i l l u s t r a t e s  a void noted 

F i g u r e  10-5c  

Solder  Joint P u l l  Strength 

F ive  so lde r  jo in ts  w e r e  removed f r o m  component l eads  of t h e  
Surveyor  I11 cordwood modules  and f r o m  cor responding  components of the 
s p a r e  c h a s s i s ,  and a pull t e s t  of each  was conducted in a n  Ins t ron  t e n s i l e  
tes t ing  machine.  
Su rveyor  111 leads  w e r e  gold-plated coppe r ,  and the s p a r e  s a m p l e s  w e r e  
t in  o r  s i lver -p la ted  coppe r .  

A l l  l ead  w i r e s  w e r e  0.  016 inch in  d i a m e t e r .  The 

The r e su l t s  of the  pull  s t rength  t e s t  a r e  s u m m a r i z e d  in  Table  10-3  
No significant degradat ion was noted that  can  be a t t r ibu ted  to the luna r  
envi ronment ;  the d i f fe rence  in values  obtained can  be t r a c e d  to  the d i f f e r -  
ence  in the  wire  m a t e r i a l s .  

10 -8  
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a 
a) Resistor Lead t o  Circuit Board (50X Magnification) b) Diode Lead to Circuit Board (50X Magnification) 
(Photo 00545-174) (Photo 00545-175) 

Gigure 10-5. Cross Sections of Solder Joints 

- 
4 
L 

c) Stranded Wire to  Bifurcated Terminal (30X Magnification) 
(Photo 00545-176) 

1 0 - 9  



TABLE 10-3. SOLDER JOINT PULL STRENGTH TEST RESULTS

!

|

!

Sample Designation

Ave r age

Solder Joint Yield Load, pounds

Surveyor III Camera

Samples From

Spare Chassis

1

Z

3

4

5

7.Z

9.8

9.7

9.3

8.Z

8.8

11.3

10.9

12.1

iZ.3

11.4

11.6

It was observed that the solder joints from the Surveyor Ill module

had consistently less solder filleting than those from the nonflight backup

unit. It was also observed that a small spot of solder sonde distance away

from the solder joint on one gold-plated lead showed evidence of poor

adhesion and had flaked off the lead, leaving bare copper. Adhesion of

the solder to the lead in the plated-through hole, however, was much better,

as indicated by a visual examination after the pull test.

Solderability of Bifurcated Terminals

Solderability of bifurcated terminals from the lunar sample was

checked by soldering wires into terminals from the carrier boards and

observing the relative ease with which solder flow and wetting took place.

Six terminals were checked on one of the chassis. Two of these had not

been used previously, and four were desoldered for this purpose. A mildly

activated flux (Alpha 611) was used, along with a soldering iron with a 600°F

tip. The terminals soldered with ease, and complete solder wetting

occurred on all terminals, demonstrating that the lunar environment had

no effect on solderability.

Circuit Peel Strength

Eight relatively straight conductors, four from Surveyor Ill chassis

A-I and four from a spare chassis A-I, were tested for peel strength.

First, the epoxy coating was removed with a hot knife from each test board.

The conductors were cut and prepared for peel testing on an Instron testing

machine. The test setup is shown in Figure 10-6, and results are sum-

marized in Table 10-4. No significant effects of the lunar environment can

be concluded.

I0-i0
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Samples  
F r o m  
A - 1  

Chass i s  

Conductor 1 

Conductor 2 

Conductor 3 

Conductor 4 

P e e l  F o r c e ,  pounds 

Ini t ia l  High LOW Average  Peel d i s t ance ,  inches 

0.215 

0.  119 

0.105 

0.122 

0.260 1 . 4  

0.150 1 . 4  

0.150 1 . 4  

0.170 1 . 4  

1 . 4  

1 . 4  

1 . 4  

1 . 4  

0.215 

0.  119 

0.105 

0.122 

Spa re  C a m e r a  

0.260 

0.150 

0.150 

0.170 

Conductor 1 

Conductor 2:;: 

Conductor 3 

Conductor 4 

0 .315 

0.275 

0.391 
I 

0.309 

0.260 -~ ~~- - -  - - -  

0.345 I 0.235 1 0.280 

Pee l  d i s t a n c e  f o r  all s amples  was  1 . 4  inches .  

:::Inconclusive da ta ;  conductor i n  poor condition. 

Figure 10-6. Conductor Peel Stre 
Test Setup (Photo 00545-177) 

ingth 
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Specific Gravity of Circuit Board Material

The specific gravity was measured of three selected pieces of circuit

board material from chassis A-I of the Surveyor Ill camera and of three

pieces selected from chassis A-I of a spare Surveyor camera. The results

indicated that the lunar exposure did not produce any significant degradation.

Circuit Board Hardness

A standard ASTM-D-ZZ9 hardness test was conducted on five pieces

of circuit board material, one each of the Surveyor III chassis A-1 and A-Z

and one each of the spare chassis A-l, A-Z, and A-3. Results, summarized

in Table 10-5, indicated no major changes occurred from the lunar exposure.

Physical test results indicate that the circuit board materials and

interconnections withstood the lunar environment very well. No major

detrimental changes were observed that could be attributed to the lunar

exposure, and all materials and interconnections were in good condition to

continue to perform their required functions.

I0.2.4 Internal Wire and Cable Tests

Results of tests conducted on the Surveyor III camera hookup wire

and on an internal (harness) cable are summarized in this section, with

supporting detailed data presented in Appendix I- i.

Wire tests were conducted on samples of the ML-FEP and teflon

TFE-coated wires from the internal harness and on the ML-FEP wires

from the filter wheel potentiometer in an area directly exposed to solar

radiation. Certain insulation tests of the wire insulation and of the exposed

TFE tubing of the filter wheel potentiometer were included in the test

program.-':= Whenever applicable, comparison tests were conducted on

similar samples from the spare (TAT) camera.

Tests of the internal cable were also accompanied by comparable
tests on a similar cable from the TAT camera and included examination

of the attached male/Jg connector.** The external cable and braid with the

attached J3 connector, previously removed from the camera during the

MSC operations and shown in Figure 3-Z4 (Section 3), were also examined.

The tests included a detailed visual inspection, microscopic examina-

tion, and electrical, metallurgical, and physical measurements.

':"Also see Section 10.4. 3.
., .,o
-i ¢ -o

This connector, JZ, was one of the three unfastened during the MSC

operations described in Section 3.Z.3. Only the male part, attached to the

cable, was examined here. Tests of the fourth connector from the mirror

assembly were discussed in Section 8.5.

i0-12
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TABLE 10-5. HARDNESS OF CIRCUIT BOARD SAMPLES

I
I

I

I
I

Circuit Board Rockwell E Scale Numbers

Surveyor III Chassis

A1 25;" 60, 60, 60

AZ 60, 55, 50, 65

Spare Chassis

A1

AZ

A3

58, 45, 55

68, 68, 68

65, 6Z, 65

!

!
I

i

I
I

!
I

I

I

I

;:-'Attributable to experimental error.

The general physical appearance of the wire harness was good. The

teflon wrap was tight and smooth and appeared unaffected by the lunar expos-

ure; this was also true of the securely tied nylon wraps and other attach-

ments. Closer examination, however, revealed some flaking of the ML

coating from the FEP teflon insulation beneath nylon tie wraps, where epoxy

adhesive was used for securing the ties, and near bend in the harness.

This condition was more pronounced for exposed nylon tie wraps, but also

occurred under the teflon wrap. The flaking is illustrated in Figure 10-7.

Similar flaking was noted on the TAT camera harness, but comparison

indicated that lunar exposure had definitely aggravated this condition on the

Surveyor harness.

Further studies indicated that two distinct mechanisms of degradation

were involved; surface flaking resulting from the effects of thermal cycling

and abrasive action of the tie cords. Improved materials currently employed

would, most likely, not be as susceptible to flaking by thermal cycling as

the Surveyor III harness; however, the abrasive effects of the tie cords

probably would still occur.

Solder joints appeared to be generally unaffected by the lunar

exposure. Measurements of voltage drop across the solder junctions of

the wire to the socket pins yielded nominal results; measurements of the

tensile strength of the solder connector between the contacts and the wire

yielded an average value of Z5 pounds, compared to Z7 pounds for the

TAT camera connector. Closer examination of the pins of the JZ connector

revealed some physical deterioration of the plastic shell inserts and of the

gold finish on the connector contacts, particularly of that portion of the

contact that was inserted inthe plastic insert. However, these minor

changes apparently did not significantly degrade performance.

10-13
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Figure 10-7. Flaking of ML Coating From Surveyor I l l  Internal Wire Harness (Photo 70-5497) 

Minor d isco lora t ion  was noted on the conductors  and on exposed 
lacing cord  t ie  w r a p s .  The conductors w e r e  greenish  in appearance  n e a r  
the  s t r ipped  ends of the w i r e ,  but this w a s  a l s o  noted on the  TAT h a r n e s s  
and t h e r e f o r e  is not cons idered  significant. 
w r a p s  was  due to the epoxy used to s e c u r e  the lacing cords  of the Surveyor111 
h a r n e s s  . I 

The discolorat ion of the t i e  

1 
I 

The component leads  examined included the focal  length d r i v e  motor  
l e a d s  and the f i l t e r  wheel potentiometer l e a d s .  The f o r m e r  included s i x  color  
TFE- insu la ted  l e a d s :  r e d ,  yellow, purple ,  blue,  black, and g r e e n .  The 
l a t t e r  included t h r e e  ML-FEP-coated  w i r e s ,  and t h r e e  colored T F E  ins ulated 
w i r e s ,  and w e r e  par t ia l ly  covered with T F E  sleeving. 

m i r r o r  opening. 
appeared  totally unaffected by the lunar  environment ,  and all co lors  w e r e  
br ight  and c l e a r .  

The f i l t e r  wheel 
p-+tent;s1%eter !cads -,art;a!!y exp=sed  t= s=!zr r a d i z t ; = ~  thycndmh 6" thn  *ILu 

All the  component l e a d s ,  as  well  as  the teflon tubing, 
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The internal coaxial cable protected by a wrap of teflon tape appeared

to be completely unaffected by the lunar exposure. Upon removal of the

teflon, the cable silver braid was found bright and free of cracks and the

cable was flexible and appeared intact.

Examination of the external cable confirmed previous results of

the visual inspection. The briad had darkened considerably but otherwise
seemed unaffected. Visual examination of the ML-FEP wire after the

removal of the briad revealed no changes caused by the lunar environment.

Electrical measurements also included connector voltage drops,

capacitance, resistance, dielectric strength, and insulation resistance of

the wire hearness and of the cable. All capacitance, resistance, and insula-

tion resistance measurements were nominal. Dielectric strength measure-

ments were conducted on twisted pairs of FEP insulated wires. The tests

entailed application of 1500 volts at 60 Hz for 1 minute, followed by 3000

volts at 60 Hz applied for 1 minute. All of the Surveyor III camera wires

tested, as well as the TAT camera wires tested, passed this test with the

leakage current flow below the specified 200 microamperes, with the

exception of one Surveyor III twisted pair which had exhibited the flaking.

In this one case where the ML coating had flaked off from the FEP surface,
breakdown occurred at I000 volts at 60 Hz.

Physical and metallurgical tests included microhardness tests, wire

tensile strength and elongation measurements, and insulation cut-through

tests of the wires, in addition to detailed microscopic examination for

metallurgical effects. Included in these tests were determination of the

tensile strength of connector solder joints, as previously mentioned.

Photomicrographic studies indicated no discernible differences

between the Surveyor III specimen and those taken from the TAT camera,

as discussed in Appendix I-i and shown in Figures I-i through I-6.

Microhardness tests were conducted on AWG 24 alloy wire and on

the soft copper shield wire of both the Surveyor Ill and the TAT camera.

significant effects of the lunar exposure were noted. The hardness of the

alloy wire of the Surveyor III camera measured 87.0 on the Rockwell F

scale, compared with 91.4 for the TAT camera. This difference is well

within the normal variation and not considered significant.

No

Measurements of the tensile strength and elongation were conducted

on the harness wires, insulation, and internal cable of both the Surveyor

camera and the TAT camera. The tensile strength of the copper conductor

from the Surveyor III camera was found to be ii percent lower than that

of the TAT camera. This is not considered an important reduction; it is

within specifications. It should also be noted that tensile strength

_,_asure_ _f _6_ rnn,_r _n_,Ict_r of the exterior cable yielded values

of 53 percent lower than those obtained for the similar cable of the TAT

camera. These measurements were conducted on the companion NASA

contract (Reference I). The reduction in tensile strength of both wires is

I0-15



attributed to thermal annealing. The exterior wire was at a higher temper-
ature on the lunar surface; thus, the reduction of its tensile strength was
much greater. Results of elongation n_easurements of wires from the

interior cable were inconsistent because of the limited length of available

samples.

Insulation cut-through measurements were made on samples of the

ML-FEP wire and on the TFE wire. Internal harness samples, as well as

samples from the mirror filter wheel potehtiometer, both under the TFE

tubing and exposed outside the tubing, were tested. Results indicated that

insulation hardness was reduced for wires exposed to the environment.

The hardness of the insulation of the well protected internal harness was

the same as that of the TAT camera. The hardness of the insulation of

both the TFE and ML-FEP wires under the TFE tubing of the filter poten-

tiometer was lower by about Z5 percent. The hardness of the insulation of

both the TFE and ML-FEP exposed wires was lower by 50 percent.

Additional studies of effect of lunar exposure on the Surveyor III

external cables were conducted as part of the companion contract on the

other retrieved Surveyor III parts. Results of these studies, which comple-

ment the information summarized above, are presented in Reference i.

I0.3 ELECTRICAL INSULATION MATERIALS

i0.3. I Introduction

The second group of materials tested, electrical insulation materials,

is discussed in this subsection. These materials included the polyurethane

foam used in the construction of the electrical chassis, conformal coatings

used on the camera electronics, and resin potting compounds used as encap-

sulants for various camera units and components. Tests of wire insulation

were discussed in Section 10. Z.4.

Visual and microscopic examination was conducted on these materials.

In addition, measurements of electrical characteristics, chemical analysis,

and tests of physical properties were conducted on selected samples, as

deemed appropriate. Comparison tests were also performed on similar

samples from the spare (TAT) camera or other spare chassis, as applicable.

The polyurethane foam was polyester-toluene-diescocyanate, blown

with carbon dioxide, having a nominal density of 8 ib/ft 3. The material was

manufactured by the Upjohn Company, CPR Division, and is designated

CPRZ3-8. The foam was used as the spacer between the etched circuit

board and the aluminum plate in the sandwich-type chassis. The material

was preblown by the manufacturer, then cut to shape and adhesively bonded

in the fabrication of the chassis.

10-16
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The conformal coatings used on the Surveyor electronics were

epoxy-polyamide-polyamine copolymers with the filleting material containing

an expanded silica. These materials were applied over the components and

circuitry to provide electrical insulation and mechanical support for the
electronic assemblies.

The resin potting compounds tested consisted of a purified diepoxide

of bisphenol A cured with two aromatic amine coreactants: aminobenzylthiol

and i, 3-benzene diamine. Two types of potting compounds were tested:
one with an aluminum oxide filler and the other unfilled. The filled version

was used to encapsulate the magnetic reactors. The unfilled potting com-

pound was used to encapsulate windings of the vidicon deflection yoke.

i0.3.2 Tests of Polyurethane Foam

The polyurethane foam samples tested were taken from chassis A-4,

A-5, and A-6 of the Surveyor Ill camera and from circuit boards of similar

spare chassis available from program stores for comparison. Sections of

the aluminum plate were removed using an end mill to provide access to the
foam.

The Surveyor III foam was yellowish-white to light tan where it was

not coated by the adhesive. The compound appeared coarse and granular and

lacked the cell structure of a closed cell foam. The material was quite

friable, lacking abrasion resistance and mechanical strength. The samples

taken from the spare chassis had an appearance and properties very much

like those taken from the Surveyor III camera.

Infrared spectra were made of samples of both the Surveyor 111

camera and the spare chassis to determine whether any chemical changes

had occurred. The samples were dispersed in potassium bromide, pelletized

for these tests, with the nominal concentration being 4 percent. The specto-

grams are shown in Figures 10-8a and b for samples from the Surveyor

camera and the spare chassis, respectively. They are identical except in

the region between 4.6 and 4.7 microns. The spectral peak in that region

corresponds to that of isocyanate, -N=C=O. Apparently, the Surveyor III

sample indicates the absence of isocyanate. This is either due to a chemical

reaction at an extended elevated temperature or to sublimation. The latter

cause is considered less likely because of the relative difficulty of diffusion

through the foam and from the protected foam surfaces. The high tempera-

tures during the 3Z lunar days are believed to have been the primary source

of this occurrence by giving rise to the chemical reactions. This change,

however, is not considered to significantly alter the chemical properties of
the foam.
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Original plans also include certain physical and electrical tests.

These tests were not performed because adequate samples of foam were not

obtainable. The absence of new functional groups which could contribute to

electrical conductivity and the apparent retention of the chemical composition

of the foam (with the exception of the relatively minor change above) would

indicate that the electrical and physical properties were probably not signi-

ficantly altered by lunar exposure.

No further investigation was conducted of possible chemical reac-

tions and of the potential effects of the products of outgassing on other

spacecraft components. Such a study of possible application to future designs

was considered to be outside the limited scope of this contract.

I0.3. 3 Tests of Conformal Coatings

Visual Examination

The conformal coatings examined included those on chassis A-I

through A-6 and the ECU of the Surveyor III camera, as well as those on

similar spare chassis available from stores. Results of the visual observa-

tion conducted are presented in Table 10-6.

The significant finding, universally applicable to almost all of the

Surveyor Ill camera samples examined, was the extensive cracking of the

conformal coating. By comparison, the coating of the spare chassis

exhibited only slight cracking. The cracking of the Surveyor llI conformal

coating is illustrated in Figure 10-9. In some cases, primarily the com-

ponents with glass cases, this cracking of conformal coating resulted in

cracking of the case or even in damage to the components. Further dis-

cussions of these occurrences of component failures and of Surveyor

experience with problems with conformal coatings are presented in
Section IZ.

It was also noted that, generally, thecoatings behaved similarly

on similar surfaces of similar components regardless of their location.

Radial cracking was found on the coatings around gold-plated terminals,

metal case transistors and capacitors, and ceramic case resistors. Axial

cracking occurred in the coatings surrounding the ceramic case resistors

and the glass case capacitors, with axial cracking in some instances damag-

ing the glass casing of diodes and resistors.

The cracking tendency was apparently influenced by the thickness

of the coating. Where the coating thickness exceeded the diameter of a

component by Z0 to Z5 percent or where the coating was thicker than

0.3 inch, cracking was generally observed. Coating thicknesses less than

0.01 inch were essentially crack-free. With the exception of the glass case

components, where the coating cracks frequently propagated into the glass,

the cracks did not appear to have affected the surface of the components.
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TABLE I0-6. RESULTS OF VISUAL INSPECTION OF GONFORMAL
COATINGS

Surface and

Component Types

General description of

coating

Epoxy-glas s laminate

of etched circuit board

Etched circuit lines,

gold and tin/lead plated

Terminals, gold plated

Glass case diodes

Glass case capacitors

Glass case resistors

Ceramic case resistors

Metal case capacitors

Metal case capacitors

having fiberglass

insulation

Metal case transistors

Mold plastic cases

Coating Condition

Lunar Exposure --Surveyor III Camera

Amber transparent film with some

cracking (see below) but no chalking.

Fillets transparent to translucent

with extensive cracking.

No cracking or separation of cbating

except for small area (less than 1/4

square inch) on chassis A-5 exhibit-

ing some separation near a metal

insert.

Occasional slight straining of gold

surfaces. No cracking or separation

of coating.

Radial cracking of fillet but

apparent adhesive separation or

solder joint damage. Thickness

0.01 to 0.05 inch occurrence

greater than 50 percent.

Axial cracking of coating and some

cases. Thickness 1/3 to full com-

ponent diameter. Occurrence

10 to 20 percent for coating, less

than 10 percent for case damage.

Cracking at coating fillet on major

axis ground at right angles. Cracks

general on one side only. No case

damage observed. Thickness 0.03

to 0. 1 inch. Occurrence approxi-

mately 100 percent.

Axial cracking of fillet with some

case damage. Thickness i/3 to i/2

diameter. Occurrence less than

Z0 percent.

Axial and radial cracking observed

along major axis. Radial cracking

over metal end caps. No damage to

case. Thickness 1/4 to 1/2 diameter.

Occurrence 60 to 80 percent.

Radial cracking of fillets with no

adhesive separation or case damage.

Thlckness 1/4 to 1/2 diameter.

Occurrence approximately

100 percent.

Similar to metal case capacitors;

occurrence approximately

100 percent.

Radial cracking of fillet with no case

damage or adhesive separation.

Thickness 0.05 to 0. 1 inch. Occur-

rence approximately 80 percent.

Those having no cracks had fillets

0.g inch or greater.

Some radial cracking adjacent to

leads. Thickness 1/2 diameter or

greater. No case damage. Occur-

rence approximately 50 percent.

Earth Exposure-- Backup Chassis Boards

Amber transparent film with

essentially no cracking or chalking

Fillets similar to lunar material

but with only slight cracking.

No cracking or separation of coating

No discoloration of surfaces; no

cracking or separations.

Similar to lunar occurrence --

approximately 5 0 percent.

Axial cracking of coating; case

damage inconclusive. Thickness

1/3 to full diameter. Occur-

rence less than 10 percent.

Similar to lunar conditions.

Axial cracking of fillet for thick-

ness equivalent to diameter. No

case damage observed. Occur-

rence approximately Z0 percent.

Thickness less than 1/2 showed

no cracking.

No cracking of fillets along major

axis or coating over end caps.

Thickness less than 1/4 diameter.

Similar to lunar, but occurrence

approximately 50 percent.

Similar to lunar, but occurrence

approximately i0 percent.

Similar to lunar samples, but

occurrence 30 percent.

No cracking observed. Thickness

0.01 to 0.05 inch.
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Figure 10-9. Cracking of Conformal Coating on ECU of Surveyor I I I Camera 
(Photo 00545-181) 

In m o s t  c a s e s ,  the f i l l e t s  and coatings w e r e  s t i l l  adhe ren t ,  except  fo r  the 
i m m e d i a t e  a r e a  of c r ack ing ,  and w e r e  capable  of providing the mechanical 
suppor t .  

Two poss ib le  explanations were  postulated of the c racking  of con- 
f o r m a l  coating: 
t h e r m a l  coeff ic ients  of expansion,  and 2 )  chemica l  changes in the conformal  
coat ing.  
p e r f o r m e d  to help expla in  t h e s e  anomal ies .  

1) effects  of t h e r m a l  cycling coupled with the d i f fe rences  in  

The chemica l  ana lys i s  and phys ica l  t e s t s  d e s c r i b e d  below w e r e  

Except  f o r  the  c rack ing ,  all of the coat ings w e r e  s i m i l a r  in color  
and appea rance ,  both on  the Surveyor  111 c h a s s i s  and on the  s p a r e  c h a s s i s .  
The a m b e r  color  of the coat ings did not appea r  to have changed. 

Phys ica l  T e s t s  

H a r d n e s s  m e a s u r e m e n t s  were  p e r f o r m e d ,  using the "pencil  l e a d ' '  
h a r d n e s s  t e s t ,  on both the Surveyor  111 and the s p a r e  c h a s s i s  coatings to 
d e t e r m i n e  poss ib le  effects  of the l u n a r  envi ronment  on  physical  p r o p e r t i e s .  
P e n c i l  l eads  of i nc reas ing  h a r d n e s s  w e r e  d r a w n  along the coating su r face  
until  a n  onse t  of a b r a s i o n  o c c u r r e d .  
taken  to be  equal to  the h a r d n e s s  number of the l ead  penci l .  

-. l h e  h a r d n e s s  of the  coating was  then 

1 0 - 2 1  



TABLE i0-7. RESULTS OF ELECTRICAL AND PHYSICAL MEASUREMENTS
OF CONFORMAL COATINGS

I
I
I

Source of

Conformal

Coating

Sample

Surveyor III

camera

Spare

chassis

Hardness

(Equivalent

Lead Pencil)

6 to 7H

5 to 6H

Solvent Absorption

Initial

Weight, grams

0. 150

0. 132

Weight After

Solvent

Immersion,

grams

0. 222

0. 193

Percent

Increase

in Weight

48

46

i_lectrical Resistance,

ohms

Test at

54 Volts

9.0x10 I0

13
1.5xl0

Test at

180 Volts

1.8x10 II

1.8x1013

I

I

I

I

Results of this test are indicated in Table 10-7. It is seen that the

conformal coatings exposed to the lunar environment were harder than the

ones on the spare chassis by about one hardness unit (IH). Such an increase

in hardness could result from any of three causes: I) increased chemical

reaction and cross-linkage due to extended high temperature exposure on

the moon; Z) variations in coating formulations, and 3) sublimation and

reduced pressures of lower molecular weight fragments, which would have

a plasticizing effect.

Chemical Analysis

The chemical analysis of both the Surveyor III and spare chassis

samples was then conducted to identify changes brought about by the lunar

environment, help explain the apparent changes in hardness, and identify

the cause of the cracking. This analysis included a solvent swell test and

infrared spectroscopy.

The solvent swell test was conducted to determine the differences

in cross-linking density between the Surveyor III and spare chassis samples.

Samples of the coatings were analyzed in dichloromethane for approximately

250 hours and their change in weight compared. A lower percent of change

in weight corresponded to higher cross-linking. ':=

':=Inthe solvent swell test, higher cross-linking implies greater material

degradation and lower absorptance.
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Results of this test are indicated in Table 10-7. While the difference

between the percent changes in weight of the two samples are small, it is

obvious that no significant cross-linking occurred in the lunar environment.

In fact, the spare chassis sample would point out a somewhat higher indica-

tion of cross-linking than the sample exposed to lunar environment. The

solvent swell test thus virtually eliminated this as a potential cause of the
observed increase in hardness.

After the immersion cycle, the solvent was analyzed by infrared

spectroscopy to determine differences in extractable materials and to help

interpret the chemical differences in the coatings. The infrared spectro-

grams are shown in Figure i0-10 for the Surveyor III and spare chassis

samples. These spectra included the solvent blank and the extracts produced

during the swell studies.

Comparison of the two figures reveals the presence of peaks at 5.85

and 9. 15 microns for the Surveyor Ill sample, which are not present in the

spectra of the spare chassis samples. These peaks represent carbonyl and

ether groups and indicate the presence in the extract of polyamide coreactant

and low molecular weight fragments of the polymer. A spectogram of the

spare chassis sample, Figure 10-10b, on the other hand, shows additional

peaks at Z.9 and 6.25 micrograms, attributable to water. This sample was

essentially free of polymeric materials.

Results of infrared spectroscopy indicated that the low molecular

weight fragments were apparently not present in the Surveyor III samples.

On the contrary, such materials appeared to be more evident on the sample

from the spare chassis. This observation suggested that the observed

increase in hardness was not caused by sublimation. This result also tended

to eliminate chemical changes as the cause of cracking of the conformal

coating.

Results of the above chemical analysis indicated that the increased

hardness was most likely attributable to the variation in coating formulations

and that the cracking of the coating was caused entirely by thermal cycling

in combination with excessive coating thickness.*

Electrical Tests

Measurements of the electrical resistance of the coatings were con-

ducted to determine the effect of lunar exposure on the dielectric properties

of the material. The resistance was measured by applying a voltage between

two parallel coated conductors and measuring the current flow. Similar

chassis with identical circuit connections and circuit geometry were tested:

one spare and one from the Surveyor III camera.

"Also see Section 12.7.
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Results of the test, conducted at two different voltage levels,are also

given in Table 10-7. Apparently, the samples from the Surveyor III camera

had a significantly lower resistance. This result, however, must be quali-

fied since the measurement includes the resistance along the surface of the

epoxy-glass circuit board. The values measured therefore depended

heavily on the condition of that surface. Presence of flux residues when

the coating was applied, for example, would lower the measured resistance

value considerably. Similarly, unreacted, or partially reacted amines and

amides would result in lower resistance readings. The only positive conclu-

sion that can be drawn from these measurements is that the conformal coat-

ing of the Surveyor Ill camera was more than adequate in its electrical

insulation characteristics for all applications except those requiring extremely

high impedances.

Measurements of the dis.sipation factor of conformal coating,

originally contemplated, were not conducted because of the difficulty in
pe rforming meaningful tests.

i0.3.4 Potting Compound Tests

Visual Examination

Both the filled resin encapsulant of the magnetic reactors and the

unfilled encapsulant of the vidicon deflection yoke were visually examined.

The epoxy resin of the filled encapsulant used in the magnetic reactors

was a clear light brown and showed no discoloration. No cracking was

observed in the resin or around filler particles. However, some adhesive

cracking was noted around the steel inserts which extend through the package.

Cross-sectioning of a reactor revealed some voids in the interstitial volume

of the wire windings. The adhesion to the wire insulation appeared good,

and no separation from the diallyl phthalate case was noted. The appearance

of the resin in the sectioned area was similar to that which was exposed on

top of the reactor package.

A quarter section was removed from the deflection yoke along the
major axis to expose the unfilied encapsulant. The color of the resin was

light brown, with no sign of discoloration. Some voids and cracks within

the resin were observed in denseiy wound wire bundles. In addition,

extensive separations were noted between the electrostatic and electro-

magnetic shields. This was likely caused during the original assembly of
the yoke when problems occurred with the adhesive bonding the yoke to the

magnetic shield. No separations of the encapsulant from the wire insulation

were seen during the examination. There were, however, some voids

present in the dacron matting used as part of the insulating system.
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Chemical Analysis

A sample of the filled encapsulant was analyzed, using infrared

spectroscopy, to establish the presence of functional groups which would

indicate a change in the chemical composition of the polymer. The spectro-

gram was made by dispersing the encapsulant in potassium bromide and

pelletizing the sample.

Figure 10-11 shows the resulting spectrogram for the filled encap-

sulant. Because of the filler particle size, the region from Z.0 to

6.0 microns is somewhat obscured. However, the hydroxyl (-OH) peak

occurring at Z.8 microns is detectable. This peak, combined with the
absence of epoxide peaks at 10.95 and 11.6 microns, indicates the complete

reaction of the epoxy resin forming the polymer. The spectrum beyond

6.g microns is not characterized by any absorption peaks that might denote

decomposition or significant changes in the chemical composition of the

epoxy polymer.

Electrical Tests

The electrical resistance and the partial discharge inception voltage

were determined for both the filled and unfilled versions of the encapsulant.

The electrical resistance was intended to indicate changes in the electrical

loss resulting from the lunar exposure, while the discharge voltage deter-

mination was used as a failure indicator to establish the presence of voids
or cracks within the materials.

The resistance of the filled encapsulant of the reactor was measured
between the steel insert and the inductor element. The resistance of the

unfilled encapsuiant was measured between the yoke screen and the electro-

static shield. The area/length factors required to convert resistance
measurements to the volume resistivities were determined later when the

components were cross-sectioned. These area/length factors were 5 and

I50 for the reactor and the yoke, respectively. Voltage discharge measure-

ments were made across thin samples of the encapsulant immersed in

mineral oil. The thicknesses of the reactor and yoke samples were 0.1
inch and 0.3 inch.

Results of the electrical tests are summarized in Table 10-8.

As noted, the volume resistivities obtained are in close agreement with

the original value established for these materials. The values of the dis-

charge (breakdown) voltages measured are consistent with the presence

-of faults, such as voids or cracks, in both encapsulants. These values

are what would be expected for an electrical discharge in a gaseous medium,

such as might exist in a crack or void. No original breakdown measurements

were available for comparison.
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TABLE 10-8. ELECTRICAL MEASUREMENTS OF POTTING COMPOUNDS

I
I

I

Potting

Compound

Filled

encapsulant,

reactor

Unfilled

encaps ulant,

deflection yoke

Apparent Volume Resistivity,#

ohm-cm

Applied Voltage = 90 volts

3 x 1013

3 x 1013

Applied Voltage = 180 volts

5 x 1013

• 10131 5 x

Partial Discharge

Voltage Gradient,
volts / mil

3O

5O

':'Original value = 1 x 1013 ohm-cm.

I

I

I

I
The dielectric constant and dissipation factor measurements

originally contemplated were not made because of the difficulty of perform-

ing meaningful tests with the samples available and because it was felt that,

based on other information, no significant additional information on the

effects of lunar exposure would be obtained.

Physical Tests

Hardness measurements were made on both filled and unfilled

compounds to establish their general condition. The measurements

were of the indentation type, utilizing a durometer, and were conducted

in accordance with ASTM DZZ40-68. Hardness of the magnetic reactor

encapsulant was measured on its surface. Hardness of the unfilled yoke

encapsulant was conducted on a resinous portion after cross-sectioning

of the yoke assembly. Both initial values of hardness and those taken after
a 10 second dwell were recorded.

Results of this measurement are presented in Tahle 10-9. As seen

on the table, both the filled and unfilled encapsulants inhibited a hardness

which exceeded the specification value and both were within the range

usually observed for these compounds.

It was concluded that the lunar exposure produced no significant

changes in the properties of either the filled or unfilled potting compounds.

With the exception of some separation from the steel inserts of the reactors

and limited microcracking in the deflection yoke, the encapsulants demon-

strated a high resistance to cracking and separation throughout their

exposure to the high temperatures encountered on the moon. Both encap-

sulants appeared suitable for space applications where extremes of

temperature would be encountered, provided that they would not be sub-

jected to voltages higher than 500 volts. For high voltage applications,

existing processes require modification to eliminate the voids observed in

the Surveyor III encapsulants.
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TABLE 10-9. RESULTS OF HARDNESS MEASUREMENTS

OF POTTING COMPOUNDS

I

I

I

I
I

Potting Compounds

Filled encapsulant,

reactor

Unfilled encapsulant,

deflection yoke

Minimum specification

requirement

Expected range of

readings

Hardness, Shore D Number

Initial Value

89 +I

91 ±Z

Value After i0 Seconds

88 ±i

90 ±2

85

88 to 92

I

I

!

I
I

I

I
I

I

I

I

i0.4 ORGANIC MATERIALS

i0.4. 1 Introduction

The organic (polymeric) materials of the Surveyor III camera,,
teflon FEP, teflon TFE, nylon, and polyimide, we re examined visually and

subjected to chemical and physical tests. Where necessary, comparison

tests were conducted on samples from a spare (TAT) camera. Results of

these tests are presented in this section, with supplementary discussion of

chemical analysis tests in AppendixI. Z. Additional data on parallel tests

conducted on organic materials from the other retrieved Surveyor III parts

are presented in the final report on the parallel NASA contract (Reference 1)

and supplement the data presented here. These include nylon ties, polyimide,

and TFE wire insulation, and teflon FEB used to wrap the external
connectors.

Teflon TFE was examined in several places: one was the horseshoe-

shaped seal at the base of the mirror housing, previously shown in

Figure 3-25 and also in Figure 3-3a of Section 3. Another was the teflon

collar at the base of the mirror housing, shown in Figure 3-26. The teflon

in both areas was Z mils thick and bonded to the substrate with Epiphen 8ZSA

adhesive. Both were used as seals to prevent dust from entering the TV

camera _ne former performed ......... £he mirrorcn, s luncclon w, cn ciosecl]. Tests

of the adhesive are discussed in Section i0.5. Other sources of teflon TFE

tested included samples of component lead insulation, cable wrap, and

tubing used over wire bundles.
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a) Surface (122X Magnification) (Photo 00545-185) 

I 

b) Debris (1 260X Magnification) (Photo 00545-186) 

Figure 10-12. SEM Photographs of Polyimide-Coated M L  Wire 
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A separate discussion is presented in Section 1Z of the observed

curling of the mirror assembly teflon seal.

The nylon braided tie cords tested were the ones used for securing

the harness wire bundles, both internally and externally. The polyimide

tested was used as the outer coating of the FEP teflon insulated wires,

previously referred to as the ML-wires. The FEP teflon insulation of

these wires was also tested.

10.4. Z Visual Examination

Examination of the horseshoe area of the teflon hood from the mirror

housing after its removal from the housing essentially confirmed results

obtained during the initial survey examination, reported in Section 3.4.4.

The teflon had turned a dark brown from its original white color and was

found turned up along the edges in some areas. However, upon microscopic

examination, some minor cracking was noted on the surface. Visual

examination of the teflon collar on the mirror assembly similarly confirmed

original observations presented in Section 3.4.4.

The nylon cords examined all had a yellowish color which, under

microscopic examination, appeared to be only on the top surface of each

individual strand. The color changed to a dark brown in the vicinity of the

epoxy adhesive used to secure knots in the tie cords, indicating that some

of the discoloration may have been the result of the epoxy wicking along the

cord and discoloring. The epoxy itself was a dark brown, as expected.

The appearance of the polyimide coating of the ML wires was

normal except for a slight frosty appearance on wires which had been

exposed to the environment. Figure 10-1Za is an SEM photograph of one

of these wires. The apparent deformation in the center is attributed to the

extrusion process used in manufacture to coat the wire. The area on the

right is clear while the area on the left illustrates the frosty appearance.

Figure 10-1gb is an SEM photograph of this frosty area at high magnification.

Study of the appearance of the debris suggested that it is very likely lunar
mate rial.

I0.4.3 Physical Tests

Measurements of tensile strength and elongation were conducted on

samples of organic materials from the Surveyor Ill camera and, wherever

practical, compared with measurements conducted on similar samples from

the TAT camera. Because of the limited amount of material available, the

sizes, shapes, thicknesses, and lengths of these samples varied to some

degree. For various reasons, it was also necessary occasionally to change

chart speeds during these tests, which were conducted on the Instron testing

apparatus. The data developed d,_ring these tests could therefore be used

only to indicate general trends and effects. Results could not be interpreted

as providing exact values for comparison with standards because of the

limited accuracy.
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Because of the limited amount of available material, particularly

in the case of the teflon TFE, and because of the small size of available

samples, measurements of the tensile modulus and tear strength originally

contemplated were not conducted.

The samples tested and the results obtained are summarized in

Table 10-10. Results are grouped into the categories discussed in the

following paragraphs.

TABLE 10-10. MEASUREMENTS OF TENSILE STRENGTH AND

ELONGATION OF ORGANIC MATERIALS

Ultimate

Sample Description Tensile
Strength,

Material Size, inches Source psi

3,600Teflon TFE

component lead
insulation

Teflon TFE

Teflon TFE

cable wrap

Wire

insulation

TFE tubing
(FEP sleeve)

3 long

3 long

(0. 065 x 0.00Z x 0.5)

(0. 090 x 0. 002 x 0.5)

(0. 130 x 0.00Z x 0.5)

(0. 165 x 0. 002 x 0. 200)

(0.002x 0.9x 1)

(0.002x 1 x I)

ML 3 long

FEP 3 long

Surveyor III camera
filter wheel

potentiomete r

Surveyor Ill camera
filter wheel

potentiomete r

SM/SS scoop

TAT camera

circular skirt collar

Surveyor III camera
circular skirt collar

TAT camera
mirror horseshoe seal

Surveyor III camera
mirror horseshoe seal

TAT camera

internal cable

Surveyor III camera
internal cable

TAT camera

Surveyor III camera

TAT camera

Surveyor III camera

Surveyor III camera
filter wheel

potentiometer

3,760

3,850

4,800

3,700

7,970

1,670

6, 100

Z, 175

14, 000

i0, I00

4,330

4, Z50

i, 290

Elongation,

percent

Z04

248

180

160

95

85

62

310

129

56

18

351

4O8

I

I

I

I

I
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Component Lead Insulation

Results of measurements of the TFE insulation of component leads

inside the camera indicated no significant degradation by the lunar environ-

ment. Values of tensile strength and elongation were in agreen-lent with

expectations. For comparison, Table 10-10 also shows results of tests

conducted on teflon TFE from a wire of the soil mechanics/surface sampler

(SM/SS), totally exposed to the lunar environment. This test was conducted

under the companion NASA contract. While tensile strength of this insulation

was unaffected by the lunar exposure, its elongation degraded somewhat.

Teflon TFE From Mirror Housing and Skirt Collar

Some difficulty was encountered in obtaining suitable test samples

of the teflon TFE from the horseshoe-shaped mirror housing and from the

collar under the mirror assembly due to the epoxy bonding of these dust

seals. Samples from both the Surveyor camera and the TAT camera indi-

cated very low elongation values, while the tensile values were as good, or

even higher in one instance, than anticipated. This was attributable to the

fact that some of the epoxy adhesive was retained by the teflon. Additional

error was undoubtedly due to the very small sizes of these samples available

for tests (approximately I/4 by i/8 inch).

Teflon TFE Cable Wrap

Comparison tests between the Surveyor III and TAT camera cables

indicated that the cable wrap degraded appreciably as a result of the lunar

exposure. The tensile strength apparently decreased by about 75 percent,

while the percent elongation decreased by about 60 percent.

ML-FEP Wire Insulation

Tests of the ML-FEP insulation were difficult to conduct. The two

coatings could not be separated for test because of the brittleness of the

ML coating. It was therefore necessary to conduct the test on the combined

coating samples and to select chart speeds, cross head speeds, and load

cell values to distinguish the initial ultimate tensile strength of the ML por-

tion of the specimen from the final reading of the tensile strength corre-

sponding to that of the PImP coating. Of the many runs attempted, four were

reasonably successful: one for the TAT camera specimen and three for the

Surveyor Ill camera specimen. The latter gave similar results, and the

average of the three readings is shown on Table 10-10.

It appears from the data obtained that the tensile strength of the ML

coating was reduced by about Z5 percent by the lunar exposure, while its

elongation degraded considerably more. On the other hand, the FEP coating

suffered only a small degradation in tensile strength. These results can

only be interpreted, however, as general trend, rather than as the absolute

values, because of the limited accuracy obtainable.
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Teflon TFE Tubing

The single piece of TFE tubing tested was that used over the

six component lead wires of the filter wheel potentiometer. This tubing

was 0. 013 inch thick and 0. 188 inch in diameter and was exposed to the

lunar environment through the camera mirror opening. Because of the

difficulty in performing this test, elongation data could not be obtained, and

the tensile strength data was only approximate° However, the values

measured appeared sufficiently low compared to expectations to suggest a

definite degradation by the lunar exposure.

Lacing Tape

Many attempts to obtain tensile and elongation data on samples of

the lacing tape were unsuccessful. All samples available were less than

i inch long, and they could not be held securely in the testing vise without

damage to the indivldual strands of the tape.

i0.4.4 Chemical Analysis

A number of tests were conducted to determine the effect of the

lunar environment on the chemical composition and properties of the

organic materials. These included infrared spectrochemical analysis,

ultraviolet analysis, elemental analysis, relative viscosity measurements

for the determination of molecular weight, electron paramagnetic resonance

measurements for spin density determination, and differential thermal

analysis. No evidence of any significant effects of the lunar environment
were uncovered in the course of these tests. Tests conducted and results

obtained are discussed in some detail in Appendix I. Z.

i0. 5 ADHESIVE MATERIALS

I0. 5. i Introduction

The different adhesives employed throughout the Surveyor III camera

were visually examined and tested to determine whether any changes in

their physical and chemical properties were caused by the lunar exposure.
The tests conducted included measurements of hardness, shear strength,

peel strength, and electrical resistance.

The adhesives examined were from representative locations and

usage on the Surveyor III camera: nylon tie knots; component and bracket

bonding to circuit boards; and teflon pads to aluminum surfaces. The

specific adhesives tested and their locations are listed in Table i0-ii.

I0.5.2 Visual Examination

No apparent change in color or appearance was seen on adhesives

that were not directly exposed to sunlight. The polyamide (unfilled) which
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TABLE i0-ii. SURVEYOR Ill CAMERA ADHESIVES TESTED

I

I

I

I

I

I

A dhe s [ ve

Epoxy polyam[de (unfilled)

Epoxy polyamide (alumina

filled)

Ep[phen 825A (Borden Chemical

Company)

Epibond 104 (Furane Plastics

Company)

FM-1000 (American Cyan[mid

Company)

Eccobond 57C (Emerson and

Cuming, Inc. )

Use and Location

Component bonding, ECU

knot securing J-I cable

Component bonding,

chassis A6 and ECU

Teflon pad to camera hood

bonding

Teflon felt to camera

hood bonding

Bracket to circuit board

frame bonding, chassis A6

Thermal resistor to circuit

board frame bond, chassis A3

I

!

I

I

I

I

I

I

I

I

was exposed to the sun, however, had darkened from the original light tan

to a coffee-colored appearance. There was no loss in its normal gloss

except that a slight amount of dust on its surface was noted.

A significant amount of cracking was observed on the unfilled epoxy

polyamide adhesives, especially in the heavy beads along the side of compo-

nents or at the interfaces of gold-plated circuits. Small cracks were also

observed in adhesive leads at the edges of aluminum-to-fiberglass board

bonds. A large number of bonds survived with no cracking. These included

plastic-to-plastic bonds of unfilled epoxy polyam!de adhesive; bonds of the

same material to glass body resistors; and all bonds of alumina-filled

epoxy polyamide adhesive, FM-1000 bonds, and Eccobond 57C bonds. The

cracking appeared especially prevalent on bonds between materials with

different coefficients of thermal expansion, such as fiberglass -to-aluminum

boards and adhesives to gold-plated circuits. It was expected that large

stresses in the adhesives could easily have been induced by the large

temperature excursions in the lunar environment.

i0.5.3 Hardness Measurements

Hardness measurements were conducted on the unfilled polyamide

and the F___-!000 adhesives, using a modified Shore A tester. The tester

was fitted with a long pointed probe, which had a radial scribe mark

0.006 inch from the tip, as indicated in Figure 10-13. The probe was

pushed into the adhesive specimen until the scribe mark was flush with the
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SHOREA ADAPTER SLEEVE

Figure 10-13. Modified Probe for Shore A Tester for Hardness of Adhesives

O

=o

adhesive surface. The reading of the Shore A tester at this point was taken

as the measure of hardness. At [east five measurements were taken on each

specimen in order to obtain reliable data. Comparison measurements were

also conducted on adhesives from similar Surveyor chassis available from

storage. It should be noted, however, that this technique yielded only

comparative values.

Results of the hardness tests are indicated in Table 10-12. A

distinct increase in hardness of the adhesives of the Surveyor III camera,

relative to those of the spare chassis, can be noted. Data obtained for the

knot ties (Table 10-1Z) indicated that adhesives which had been exposed to

sunlight were apparently harder than those which had been protected. The

capacitor and tie knot adhesive beads tested, also shown in Table 10-1Z,

were of different size and shape. Consequently, no significant conclusions

can be drawn from their relative hardness values.

i0.5.4 Shear Strength Measurements

The shear strength of the unfilled epoxy polyamlde and the FM-1000

adhesives was measured on bonded brackets and components of both the

Surveyor III chassis and similar unflown chassis from storage. The epoxy

polyamlde adhesive measurement was conducted by determining the force

required to push the bonded components from the chassis. The shear

strength of the FM-1000 adhesives was measured by determining the tensile

force required to pull the bonded brackets off the chassis. In each case,

the direction of the force applied was parallel to the chassis.

Results of the shear strength tests are given in Table 10-13. It [s

apparent that the lunar exposure resulted in a significant reduction of the

shear properties of both adhesives.

The reduction in the adhesive strength of the epoxy polyamlde bonds

appeared to have two causes. One was hardening and embrittlement

of the adhesive by the lunar temperature cycling, which reduced the ability

of the adhesive to distribute the loading smoothly throughout the bond area.

The second cause was reduction of adhesion to the aluminum. This latter

condition was apparently the result of stresses induced during the lunar
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TABLE I0-IZ. MEASUREMENTS OF HARDNESS OF ADHESIVES

I

I

I

I
I

I

I
I
I

I
I

I
I

I

I

I

Adhesive

Unfilled

epoxy-polyamide

Unfilled

epoxy-polyamide

FM-1000

Bond Position Source

Chassis A6

Chassis A6

Chassis A6

Cable JZ

Cable J2

Cable J2

Capacitor i

Capacitor 2

Capacitor 3

Knot tie 1

(exposed)

Knot tie Z

(exposed)

Knot tie 3

(shielded)

Bracket to board Chassis A6

Relative hardness

Surveyor III
Camera

70

60.5

69.5

58

61

39

18

Spare
Chassis

55

47

5Z

IZ

r'T_ADT _ In I_. A,T_"_A_TTD T_I_A'_'_'h,T_I "_ ('_IC_ _T.J_-_,% D _Tl_ ]__I%T(-__TT-T (_l_ _l-%T-T?_T_fl_q

A dhe s ive

Unfilled

epoxy-po lyami de

FM-IO00

Bonded

Component

Capacitor 1

Capacitor 2

Capacitor 3

Bracket 1

Bracket 2

Source

Chassis A6

Chassis A6

Chassis A6

Chassis A6

Chassis A6

Failing Load, pounds

Surveyor III Spare
Camera Chassis

Z5

3Z

6Z

160

183

107

IZ7

9Z

ZOO

>ZOO*

,:-'Board failed before bracket bond.

temperature excursions by the difference between thermal coefficients of

expansion of components and of the aluminum chassis. This phenomenon is

also consistent with the cracking noted during the visual examination as

discussed above. It was also noted that the Surveyor III board bonds to the

aluminum chassis failed adhesively, while those of the spare chassis

generally failed cohesively.
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The FM-1000 adhesive of the Surveyor III bonds appeared to be

markedly embrittled. This was evident from the difference between the
manner in which these bonds failed in the course of the shear strength test,

as compared with the adhesives from the spare chassis. Under tensile

loading, the load offset caused substantial bending of the boards, creating

relatively large peeling forces on the edges of the bond. On the Surveyor III

boards, the loading first caused a partial cracking of the bond from the heel

edge of the bracket. No further peeling was observed as the load was
increased to the final cracking of the bond. On the spare chassis, peeling

started at the toe edge of the bracket and progressed smoothly until complete

failure. In each case, the adhesive embrittledand failed cohesively. It is

believed that this embrittlement was caused by the elevated temperatures

and resultant outgassing of volatiles.

I0.5.5 Peel Strength Measurements

Two adhesive bonds, Epiphen AZ5A and Epibond 104, were tested

for peel strength. The Epiphen AZ5A was used to bond a 0.025 inch thick

teflon pad to the edge of the mirror hood. It was found that it was not

possible to pull the teflon from the bond without breaking the teflon. The
teflon had become embrittled and weakened from exposure to the lunar

environment. Consequently, it was not possible to determine the properties

of the adhesive although it was apparent that the adhesive had retained a

great deal of its adhesive bond strength.

The test of the Epibond 104 was much more successful. The

Epibond 104, a high-temperature adhesive, was used to bond the teflon

felt seal around the mirror pivot projecting through the hood. The test

indicated that this bond had retained its strength. A force of 3.96 pounds

was required to pull the felt off the hood at a 90 degree angle. In doing so,

the adhesive pulled the black coating away from the aluminum substrate.

10.5.6 Electrical Resistance Measurements

The last test conducted was to determine the electrical resistance

of the Eccobond 57C conductive adhesive, used to bond the thermal resistor

to the Surveyor III chassis A-3. This test was also conducted on a spare
chassis. The resistance values measured across corresponding bonds on

the two chassis indicated 0. Z0 ohm for the Surveyor III adhesive and

0.44 ohm for the spare chassis adhesive. This change is not significant.

It is apparent that no degradation had occurred as a result of lunar exposure

although firm conclusions cannot be drawn from the single sample available.

The apparent improvement in the conductivity of the adhesive is, however,

consistent with data available from other heat-aging tests of similar con-
ductive materials.
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i0. 6 LUBRICANTS: FRICTION AND WEAR EVALUATION

i0.6. I Introduction

This subsection presents the results obtained in testing the lubricants

used on the Surveyor Ill camera and observations of the conditions of wear

of various lubricated and unlubricated surfaces of the gears, bearings, and

drives. This investigation also included examination for evidence of cold

welding. The only suspect cold welding areas found were those on the

external surface of one of the connectors, and, possibly, on the windings

of the filter wheel potentiometer. Since these two components were treated

as "failures", discussion of this possible cold welding evidence is presented

in detail in Section IZ, Failure Analysis.

The friction and wear analysis is presented here in two parts.

Section I0.6. Z discusses the results of the detailed examination of the

gears and bearing s removed from the TV camera and of the lubricants

used. Section i0.6.3 presents the results of the friction tests conducted

on the windings of the focal length potentiometer. Expanded description of

this test is given in Appendix I.3.

Table 10-14 lists the Surveyor III gears and bearings examined.

The focal length potentiometer was previously described in Section 8. Z.

The helical windings consisted of a single strand of Karma wire. Its

Paliney 7 wiper contact was mounted on a DAP carriage.

i0.6. Z Analysis of Gears and Bearings for Wear

A preliminary microscopic examination was conducted on all parts

listed in Table 10-14. Representative parts were then selected and

examined at low (I0 to 40X) and high (200 to 1500X) magnifications, as

required. Photomicrographs were made of surface conditions. The most

significant results of this examination are presented below, together with

examples of representative photomicrographs taken. X-ray diffraction

measurements originally contemplated for some of the surfaces were not

taken because it did not appear productive to do so.

Spur Gear From Mirror Elevation Drive

This gear was lubricated with Microseal lubricant." Figure 10-14

shows the appearance of the gear teeth. Several teeth had exhibited some

plastic deformation--metal rolled over the tooth edges. Two wide, fairly

deep scratches extending into the tooth zone can be seen on the gear wheel

face. These scratches appeared very fresh; they were probably made

during disassembly. The tooth contact was irregular, but there was no

evidence of heavy wear.

*A proprietary bonded, solid lubricant.
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TABLE i0- 14. SURVEYOR III CAMERA GEARS AND BEARINGS
EXAMINED FOR WEAR

|

I

!

Source

Filter wheel potentiometer

Filter wheel

Mirror elevation drive

Mirror elevation potentiometer

Mirror azimuth drive

Mirror azimuth potentiometer

Iris drive

Iris potentlometer

Focal length drive

Focal length potentlometer

Focus drive

Focus potentiometer

TV mirror support

Number of

Parts Examined

Gears

1

3

Z

1

1

I

2

4

2

Z

I

Bearings

2

7

Z

1

4

5

4

2

I

I

i

I
I

I
I

B

i

TV Mirror Support, Outer Left Ball Bearing

The lubricant used on the bearing was Lubeco 905, a bonded solid
lubricant containing molybdenum disulfide, graphite, and lead sulfide. The
bearing was observed to rotate freely. The races and bent wire retainers

showed good adhesion. The balls appeared to have a multitude of micro-
scopic pits as shown in Figure 10-15. The coating on the balls seemed to
be poor, but no evidence of corrosion was noted. Apparently, the lubricant
had been wiped off the faces of the bearings prior to oven cure.
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Figure 10-14. Photomicrograph of Spur Gear F 
Mirror Elevation Drive (13X Magnification) 
(Photo 00545-188) 

rom 

Figure 10-15. Photomicrograph of 
TV Mirror Support Bearing (250X 
(Photo 00545-189) 

' Ball Surface From 
Magnification) 

M i r r o r  Elevat ion Dr ive  Outer Bear ing  

T h e  m i r r o r  e levat ion d r ive  outer  bear ing  w a s  a B a r - t e m p  bear ing ,  
ut i l iz ing a Duroid 5813 bal l  re ta iner .  

f r o m  F i g u r e  10-16,  only a ve ry  slight amount  of w e a r  was  noted on the 
r e t a i n e r .  

This  m a t e r i a l  i s  a f ibe rg la s s -  . .  i-eiiifa i-ced tef:oii coiitaiiiiiig 15 pe rceii t  n ; ~ ! y - b d e ~ ~ ~ ;  dis~!f ide.  AS evldcfit 
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Figure 10-16. Elevation Drive Outer Bearing 
(2OX Magnification) 
(Photo 00545-190) 

Figure 10-17. Film of Transferred Lubricant on Outer Bearing 
of Elevation Drive (50X Magnification) (Photo 00545-191) 

Figure 10-18. Interference Rings on Outer Bearing of 
Elevation Drive (2OOX Magnification) (Photo 00545-192) 
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Figure i0-17 shows that some of the retainer material transferred to

the races in rather uniform rows; this material was transferred by the balls.

On closer inspection, these rows appeared to be discrete particles mashed

so flat that interference fringes can be seen on the edges. This is shown

in the closeup photomicrograph of the outer bearing, Figure 10-18, magni-

fied Z00X. A minute amount of lubricant was retained by the balls, whose

photomicrograph closely resembles that of Figure 10-15. Its surface

exhibited microscopic and rather uniform surface roughness, resembling

pitting, but showed no evidence of corrosion.

Iris Potentiometer Spur Gear Assembly

This assembly contained the gear and two free-rotating Barden

Bar-Letup bearings, lubricated with microseal. Examination revealed

considerable galling on all the teeth in contact zones. The contact zones

were generally on the edges of the teeth, indicating misalignment. The

contacts were also usually toward the top of the teeth, indicating a some-

what excessive distance between centers of the gears.

Focal Length Drive Spur Gear

Galling was also noted on all the contact areas of the gear teeth.

Edge loading was typical.

Filter Wheel Potentiometer Spur Gear

The teeth of the gears of the filter wheel potentiometer were hard-

anodized on all surfaces and lubricated with Microseal. Distinct edge

cracking was observed at the tips of the teeth. It is suspected that this

cracking was aggravated by the process of applying the Microseal lubricant:

the first step in that process is an abrasive blasting with a 425 mesh

aluminum oxide. The teeth were not badly worn, but contact surfaces

showed galling, typical of sandblasted surfaces in contact.

Focal Length Potentiometer Spur Gear

This gear was also hard-anodized on all surfaces and lubricated

with Microseal. Removal of the anodizer by the Microseal, mentioned

above, was also noted on this gear. This is clearly evident on the photo-

micrograph of Figure 10-19. All contact surfaces were irregular and

galled.

Potentiometer Carriage Lips

The carriage lips of the filter wheel and focal length potentiometers

made of DAP _:-_material were examined to determine whether any wear

effects could be noted. This carriage, to which the potentlometer contact

is attached, slides against the sides of the helical windings of the potentiom-

eters during operation. The DAP carriage lip of the filter wheel potentiometer

;:-_Diallylphthalate.
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Figure 10-19. Galled Teeth Surfaces on Focal Length Potentiometer Spur Gear 
(17X Magnification) (Photo 00545-193) 

Figure 10-20. DAP Carriage Lip of Focal Length Potentiometer 
(30X Magnification) (Photo 00545-194) 

exhibited a fa i lure ;  i t s  ana lys i s  i s  p resented  in  Section 1 2  a s  p a r t  of the 
d i scuss ion  of the f i l t e r  wheel  potent iometer  anomaly.  
of the D A P  c a r r i a g e  l ip of the focal length poten t iometer  i s  shown in 
F i g u r e  10-20.  
s o m e  w e a r  and chipping on and around the guide t rack .  

A photomicrograph  

Th i s  po ten t iometer  remained  essent ia l ly  intact  except fo r  

F o r w a r d  and  Bzck  C ~ v e r  Bearings ef Foca l  Length PotentioLmeter 

The  focal  length potent iometer  shaf t  was  supported b y  two B a r - t e m p  
bea r ings .  
mach ined  f r o m  Duroid 581 3.  

T r a n s f e r  lubricat ion was provided by the bear ing  r e t a ine r ,  

1 0 - 4 4  
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Figure 10-21. Pitting of Bearing Balls of Focal Length Potentiometer 
(200X Magnification) (Photo 00545-195) 

A s e r i e s  of photomicrographs was  taken of s e v e r a l  bear ing bal ls  

One example is  shown in F i g u r e  10-21. 
f r o m  the inner  r a c e s  and  f r o m  the re ta iner  bal l  pocket. 
was  noted on many of the bal ls .  
T h e s e  pi ts  w e r e  s o  deep and prevalent on the s u r f a c e s  that i t  i s  improbable  
that they w e r e  f o r m e d  during the mission o r  even  j u s t  p r i o r  to launch. 
e x t r e m e l y  l ikely that these  balls w e r e  a s s e m b l e d  into the bear ings  in a n  
a l r e a d y  damaged condition. 
environment ,  cons iderable  cor ros ion  would have been expected. However, 
no significant c o r r o s i o n  was  noted on any of the o ther  balls.  

Excess ive  pitting 

It is 

Had the pitting been caused  by the lunar  

L a r g e  inclusions and pi ts  w e r e  a l s o  observed  on the inner  r a c e  of 
the back cover  bearing. 
that the damage  w a s  p r e s e n t  a t  the t ime of the a s s e m b l y  of the bear ings.  
It w a s  a l s o  observed  that f lattened par t ic les  and  lubricant  d e b r i s  f o r m e d  a 
highly uneven lubricat ing film on the inner  r a c e s  a s  wel l  as  (although to a 
m u c h  l e s s e r  extent)  on the balls.  

A s  in the case  of the pit ted bal ls ,  i t  was  concluded 

F o c a l  Length Poten t iometer  SliD Ring 

Examinat ion of the s l ip  ring revea led  r a d i a l  w e a r  grooves but no 
discolorat ion.  This  is evident in the photomicrograph shown as  Figure  10-22 .  
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Figure 10-22. Wear of Focal Length Potentiometer 
Slip Rings (45X Magnification) (Photo 00545-196) 

Reta iner  Bal l  Pocket  

Thorough examinat ion of all bal l  pockets  indicated negligible w e a r  
of the retainer .  

10. 6. 3 Fr ic t ion  Studies  of Foca l  Length Po ten t iome te r  

Objectives and Scope of Studies 

The  hel ical  winding of the poten t iometer ,  cons is t ing  of a s ingle  
s t r a n d  of K a r m a  w i r e  wound a round  a copper  conductor  and the wiper  
contact,  was  subjected to a f r ic t ion  and w e a r  ana lys i s .  This  ana lys i s  
included a detailed v isua l  examinat ion and  a t e s t  conducted on a por t ion  of 
the  wi re  under vacuum conditions to de t e rmine  the f r ic t ion  f o r c e s  p r e s e n t  
and  to confirm the absence  of the niobium dise len ide  lubr icant  on the contact  
su r f aces .  A new wiper  contact,  s i m i l a r  to that u s e d  on the poten t iometer ,  
was  used  f o r  this t e s t  a s  a control .  
ver i fy  and de termine  the n a t u r e  of the obse rved  w e a r  of the wipe r  contact.  

This  t e s t ,  t he re fo re ,  a l s o  s e r v e d  to 

Resul ts  of the v i sua l  examinat ion and  vacuum f r ic t ion  t e s t s  a r e  
p resen ted  here .  
de ta i l  in Appendix I. 3.  

The t e s t  se tup  and  p rocedure  u s e d  a re  desc r ibed  in m o r e  

During the Surveyor  p r o g r a m  - about  the t ime  of the f inal  a s s e m b l y  
and  t e s t  of the Surveyor  111 spacec ra f t  - respons ib i l i ty  f o r  lubr ica t ing  the 
TV c a m e r a  potent iometer  was  t r a n s f e r r e d  f r o m  the vendor  to Hughes. It 
was  suspected that s o m e  of the p a r t s  a l r e a d y  ins ta l led  on s e v e r a l  t e lev is ion  
c a m e r a s  had not been p r o p e r t y  lubricated." 
exce l len t  per formance  of the TV c a m e r a s  in  vacuum t e s t s ,  i t  was  decided 

However,  in view of the 

:::It was  suspected that the p r o c e s s  was  a t  
found absent  on poten t iometers  or ig ina l ly  
l a t e r  revised. 
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to launch the already assembled and tested cameras on some Surveyors,

including Surveyor III, rather than to dismantle and rework the suspect

components and retest the system. Therefore, Surveyor III was launched

with this documented reservation about a possible partial inoperability of

the TV potentiometers since their failure would not be catastrophic. The

position of the drives and controls involved could also be determined during

the mission from data other than potentio1_eter position telemetry.

As noted in Section Z. 4. Z, the filter wheelpotentiometer of

Surveyor III had, indeed, started to act anomalously half way through the

mission operations of the first lunar day. A complete failure analysis of

this returned potentiometer was therefore conducted and is presented in

Section iZ. The studies of the focal length potentiometer (one of the other

TV camera's potentiometers) described here were thus conducted to

establish under controlled conditions the behavior of the wire and wiper

surfaces with typical frictional forces applied.

Visual Examination

A visual examination was conducted of the surfaces of the helical

winding and of the wiper contact. The inside diameter of the helical spiral,

shown in Figure 10-Z3, was thoroughly inspected with a long focal length

microscope (Technoscope) to observe the appearance of the wear track.

The potentiometer wiper contact was examined similarly.

The wear track was clearly visible on the wires of the helical

winding at all magnifications. One of these photomicrographs is shown on

Figure 10-Z4. _':-_Although the wear appeared somewhat higher than

anticipated, it was obvious that no resistance wires had been broken nor

had any gross damage occurred. Photomicrographs of the wiper contact

also indicated surface wear, with deep grooves and discolorations noted.

Figure 10-Z5 _':-_shows one of these photomicrographs. Excessive galling

(displaced and torn metal) is clearly visible.

The above results suggest the absence of lubricant. Further

examination for evidence of niobium diselenide failed to uncover any traces

of it. The elements of the winding did not show any characteristic residual

lubricant debris that invariably remains in small but noticeable quantities

between the wire windings. No tapping, vacuuming, or blowing with a dry

inert gas could dislodge any traces of niobium diselenide powder that might

have been present. On the other hand, the copious debris from the blue

DAP carriage lip was clearly visible. The difference in appearance between

these two types of debris was unmistakable.

If niobium dtselenide had been present on the windings, some of it

would have transferred to the wiper contact during operation. No such

evidence was uncovered in examining the wiper. Blue sheen in the reflected

::-'Original in color.
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Figure 10-23. Helical Winding of Focal Length Potentiometer 
(Photo 00545-1 97) 

light obse rved  in viewing the contact w a s  believed to have been caused  by 
the  t r apped  DAP powder o r  to be the r e s u l t  of a f r ic t iona l  bu rn  r a t h e r  than 
of any niobium diselenide film. 

F r i c t ion  T e s t s  

A f r ic t ion  t e s t  was  conducted next on a sample  of the K a r m a  wi re -  
wound sec t ion  of the copper  conductor f r o m  the Surveyor  111 focal  length 
poten t iometer .  
highly p r e c i s e  taut shape,  us ing  the heat  t r ea tmen t  method desc r ibed  in 
Appendix I. 3. 
f r i c t ion  and  w e a r  t e s t  jig. 
i n s e r t e d  in the jig, a s  shown in Appendix I. 3 ,  and  posit ioned to  s imula te  
the wiping motion of the Surveyor  I11 wiper  contact on the poten t iometer  
w i r e  during the luna r  operat ions.  

A sect ion of the w i r e  was  removed and  s t ra ightened  out to a 

T h r e e  spec imen  w e r e  cut f r o m  this  sec t ion  and placed in the 
Brand  new Pal iney  7 wiper  contacts  w e r e  then 

Two t e s t s  w e r e  conducted: the f i r s t  on the a rea  of the w i r e  specimen,  
prev ious ly  worn  during the lunar  operat ions,  and  the second on the  adjacent  
unworn a r e a s .  The 
a r r a n g e m e n t  of the e l emen t s  and wipers  and  the t e s t  se tup  employed to  
m e a s u r e  the f r ic t iona l  fo rces  and  to observe  the s u r f a c e s  a r e  p re sen ted  in 
Appendix I. 3. 

Sepa ra t e  s e t s  of new w i p e r s  were  u s e d  fo r  each  tes t .  

The p rocedure  followed in the two t e s t s ,  a l s o  d i s c u s s e d  in m o r e  
de ta i l  in  Appcndix I. 3, entai led init ial  runs  a t  a t m o s p h e r i c  p r e s s u r e ,  
followed by 2500 cyc les  in vacuum, and culminated in an  addi t ional  
100  cyc le s  in a i r .  The  ini t ia l  run in  a i r  was conducted f o r  each  t e s t  f o r  
about 30 cyc les :  10 cyc les  a t  each  of the th ree  cycling f requencies  used  of 
3. 5, 20, and 40 cpm, respec t ive ly .  This  was done to  ver i fy  the integri ty  
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Figure 10-24. Wear Track on Wires of Surveyor I I I Focal Length Potentiometer 
Winding (65X Magnification) (Photo 00545-198) 

Figure 10-25. Surface Wear of Wiper Contact of Surveyor Ill Focal Length 
Potentiometer (IOOX Magnification) (Photo 00545-199) 

1 0 - 4 9  



of the setup, obtain ambient frictional forces for comparison, and observe

the effect, if any, of changing the cycling frequency. The vacuum test and

the subsequent cycling in air were conducted at 40 cpm.

The friction tests were conducted with a load of 14 grams applied

perpendicular to the rubbing surfaces, corresponding to the potentiometer

spring tension in its operation (i.e., about 5 grams of force per contact).

The frictional forces measured, recorded on the strip chart recorder,

were those generated by all three specimen surfaces in contact with the

wipers. The coefficients of friction were caiculated by dividing the average
value of the kinetic friction force over the interval of wiper motion by the

14 gram load. The higher static friction forces recorded at the ends of

each traverse were ignored in taking these averages.

The results of the two sets are summarized in Tables 10-15 and

10-16 for the worn and unworn specimens, respectively. As seen from these

tables, the coefficients of friction for both surfaces were significantly higher
in vacuum than in the air. This confirmed the absence of the lubricant since

the opposite effect would then be expected. The values of the coefficients of

friction were also measured to be considerably higher than the values

expected from lubricated surfaces. Table i0-17 summarizes the ranges
of the measured friction coefficients and compares them with values

expected from lubricated surfaces, in support of the above conclusions.

The second important observation was that the onset of cold welding

appeared to occur on both specimens after they had been subjected to severa[

hundre_d cycles: 800 cycles for the worn specimen and 400 cycles for the

originally undisturbed surfaces. This occurrence of cold welding was

deduced from the observed sudden chatter of the specimen in the course of

the test, as noted in Tables i0-15 and 10-16. In the case of the previously

unworn surface, the friction coefficient at this point actually increased by

about 50 percent; the friction coefficient subsequently decreased as the area

of the developed cold weld apparently wore down.

The fact that the onset of cold welding occurred after a somewhat

different number of cycles for the two specimen, 800 versus 400, was

believed only to reflect the limited accuracy of the test although this

difference may be related to the relative surface conditions of the two

specimens. What is significant is that this onset of cold welding occurred

below i000 cycles. This further confirms the absence of the lubricant

since for lubricated surfaces this effect would not be expected to take place

until after some 25,000 cycles.

The areas of contact were also examined during and after the test

by a microscope provided in the test setup. Photomicrographs were taken

of all the surfaces of the wire specimen and of the wiper contacts involved.

Figure 10-Z6 _:-_shows the appearance after completion of the test of

the wiper contact which had rubbed during the test against the unworn

surface of the potentiometer wire. The resemblance between this surface

_:-_Original in color.
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Figure 10-26. Surface Wear of the Test Wiper Contact After the Friction Test 
(40X Magnification) (Photo 00545-200) 

Figure 10-27. Appearance of Surveyor I II Focal Length Potentiometer Wire After 
the Friction Test (40X Magnification) (Photo 00545-201 

a n d  that  of the Surveyor  111 wiper  contact, shown in F i g u r e  10-25, i s  
s t r iking.  
phot o m  i c r o g r a p  h s . Evidence of cold welding can a l s o  be gleaned f r o m  both of these  

F i g u r e  1 0 - 2 7  shows the appearance  of the s u r f a c e  of the or iginal ly  
worn  w i r e  e lement  a f t e r  the friction tes t .  Cornparision with the appearance  
of this  worn s u r f a c e  a f t e r  lunar  operat ions but before  the fr ic t ion tes t ,  
shown in F i g u r e  10-24, indicated that a f u r t h e r  degradation had taken place. 
T h e  or ie ina l  w e a r  t r a c k  was now found damaged to the point of flattening 
the tops of the 1 m i l  r e s i s t a n c e  wire.  

It was  evident f r o m  the tes t  conducted that, in spi te  of the definite 
a b s e n c e  of lubricat ion,  the potent iometer  was  s t i l l  operat ive and would 
have continued to p e r f o r m  reasonably well. 
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TABLE 10-17. RELATIVE VALUES OF FRICTION COEFFICIENTS FOR

LUBRICATED AND UNLUBRICATED SURFACES

Karma Wire-Wound Potentiometer

Paliney 7 Wiper Contact

Niobium Diselenide Lubricant

Coefficients of Friction

I

I

I

I

I
Wire/Wiper Contact

Results of friction tests,

Surveyor Ill potent[ometer wire

and new wiper

Worn area of wire

Unworn area of wire

Predicted values for lubricated wires

Vacuum

0.46 to 0.59

0.42 to 0.75

0.07

Air

0.17

I

I

I

I

I0.7 THERMAL CONTROL COATINGS AND MATERIAL_

i0.7. i Introduction

Tests of the paint used as thermal control coatings on the Surveyor III

TV camera and of the polished aluminum surfaces are grouped in this sub-

section as the last category of materials examined.

The tests included visual and microscopic examination, and measure-

ments of optical properties. Only the results of the visual examination are

presented here. Optical property measurements are included in Section Ii

as an integral part of the more comprehensive evaluation conducted on these

and other surfaces.

A number of tests to determine the physical characteristics of

samples of the paints were originally contemplated. The proposed physical

tests, destructive in nature, included measurements of brittleness, hardness,

thickness, flexibility, cohesion, and adhesion properties of the paints.

These tests were not conducted by direction of the JPL Technical Coordinator

in the spirit of program ground rule Z stated in Section 2. 6. i, limiting the

number of destructive tests allowed, although these measurements had been

recommended by Hughes. Such tests were considered to be particularly

illuminating in providing a better understanding of the apparent extensive

"mud-cracking" observed on the painted surfaces, as discussed in

Section 1 0.7.3.
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The visual examination conducted here was the second such examina-

tion following the original inspection conducted as part of the early survey
(discussed in Section 3.4).

10.7. 2 Description of Materials

Four types of radiative temperature control coatings were used on

the exterior surfaces of the Surveyor Ill TV camera: inorganic white,

organic white, organic black, and polished aluminum.

Inorganic White Paint

The inorganic white paint was used on the exterior surfaces of the

lower shroud, upper shroud, and mirror housing, and was the primary

temperature control coating on the camera. It consisted of a calcined china

clay pigment, primarily an aluminum silicate, in a potassium silicate

binder. The coating was applied to a thickness of 6 to 8 mils on a 6061-T4

aluminum alloy substrate. This paint is characterized by low initial solar

absorptance and high initial emittance.

Organic White Paint

The organic white paint was used primarily on the back of the

mirror as an aluminum foil substrate. It was also used as a touchup paint

for areas of the inorganic paint that had to be repaired. The paint was a

3M velvet titanium dioxide pigment in an alkyd resin binder.

Organic Black Paint

The organic black paint was used inside the mirror assembly as an

antireflection coating. It is a highly diffuse 3M velvet paint with carbon

dispersed in an alkyd binder.

Polished Aluminum

Polished aluminum was used on the bottom of the lower shroud

and on the vidicon radiator. The aluminum was a 6061-T4 alloy. The

surface was polished with conventional polishing materials to achieve a

highly specular surface. Polishing was required to reduce the thermal

coupling with the lunar surface.

10.7. 3 Visual Examination

A comprehensive microscopic examination was conducted of the

painted and polished aluminum surfaces as a sequel to the original survey.

While previous results (reported in Section 3.4) were confirmed, little

additional information was obtained.

The polished aluminum appeared unaffected by the lunar exposure

except for the coating with dust. Lightening of the black organic paint was

confirmed and determined to have been caused by bleaching and by the

deposition of lunar materials. The white organic paint exhibited som_
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significant and expected color changes and some cracking, noted earlier.
However, the coating appeared to be still satisfactory, with no loss of
adhesion.

The major effect of the lunar environment observed was, again, on
the white inorganic paint. Its most obvious change was [n color. A range
of colors noticed included gray, brown, and yellow, compared to the
original white. In some areas where the paint surfaces had been protected,
such as under brackets and screw heads, the paint was still white. The
second major change noted, confirming previous observations, was the
somewhat extensive mud-cracking. These effects were previously
described (Section 3.4. l) with the aid of Figures 3-19 through 3-22.

The discoloration of the white inorganic paint varied in color,
degree, and appearance. Its cause could be attributed to lunar dust
imparted during the Surveyor landing and Lunar Module landing, to effects
of radiation exposure, deposition of the products of out gassing from nearby

Surveyor materials, or to combinations of these. Its varied appearance

seemed to depend on the orientation of the surfaces relative to the lunar

terrain and to the Lunar Module, on the orientation of the surface relative

to the sources of outgassing, and also on the original condition of the surface

and the degree of handling before launch, by the astronauts, and after

recovery. Considerable difference [n shadowing was also observed,

depending on the angle of viewing. Surprisingly little evidence of micro-

meteoroid impact and damage was noted. Further analysis of the discolora-

tion and contamination characteristics of the inorganic white paint was con-

ducted in the course of the surface contamination studies (Section ii).

The mud-cracking noted, clearly shown in Figures 3-20 and 3-Zi

(Section 3) on the lower shroud, was more extensive than anticipated.;:"

The visible degree of mud-cracking was not uniform. Some areas of the

exposed surface, as well as protected areas, such as under screwheads,

were apparently free of this effect. A series of tests was proposed to

provide better insight on this occurrence. The tests included measurement

of physical characteristics of the coating such as adhesion, hardness,

flexibility, brittleness, and cohesion, and other binder-influenced properties.

It was felt that a sLudy of the Surveyor inorganic coating would be applicable

to all other inorganic white thermal coatings; these are and will be used

extensively as thermal finishes on space vehicles as the l[ghtest and

cheapest method of providing temperature control. All these inorganic

white coatings are essentially similar from the standpoint of physical

characteristics. They all use potassium silicate as a binder, highly loaded

with a transparent metal oxide pigment.

;:_Mud-cracking was originally classified as a failure. This discussion is

included here for continuity, rather than in Section IZ, Failure Analysis.
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The proposed destructive tests were not conducted by direction of
the Technical Monitor because of the desire to minimize the amount of

destructive tests and because of the general feeling that results of such

tests would be difficult to interpret. Mud-cracking was observed on

laboratory samples and on painted surfaces prior to launch. Separation

of the effects of lunar environment from other effects and interpretation

of the physical tests was considered too difficult. However, it may still be

advisable to conduct such tests on the Surveyor Ill TV camera surface

samples at a future date. Two samples I/Z by 5 inches would suffice.

The 5 inch length would be necessary for the critical bending tests, a major

technique for determining adhesion and cohesion. All of the other physical

tests could be conducted on each end of these bent samples. Pending such

additional data, the cause of this enhanced mud-cracking is believed to be

the thermal cycling experienced during lunar exposure.
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I i. SURFACE DISCOLORATION AND CONTAMINATION STUDIES

II. 1 INTRODUCTION

Results of surface discoloration and contamination studies,

designated as DOR studies, ;:'_are presented in this section and supporting

data in Appendix J. These studies were conducted as a joint effort ;:_''"on the

two Hughes contracts on the returned Surveyor III parts: the TV camera

(JPL contract) and other parts (NASA-MSC contract).

The studies were undertaken as a result of the initial observation

that significant discoloration occurred on the external painted and polished

surfaces of the television camera and on the _polished aluminum tube from

the spacecraft structure. The sealed container in which the painted tube

section was returned was not opened until later.

Initial observations indicated both the extensive and complex nature

of the discoloration and the difficulty in understanding its nature and separat-

ing the contributory causes. During the visual examination of the television

camera at the LRL in January 1970, it became apparent that the discolora-

tion of the painted surfaces was greater than had been anticipated. Expected

patterns of radiation damage were not present. In addition, unique surface

shadow patterns were noticed. _:_:'_:_It was obvious that measurement of

spectral reflectance of the inorganic white paint would not sufficiently

describe what had occurred to these surfaces during their lunar exposure.

_:'_Theletters D O R denote the suspected major contributions to surface

effects -- lunar dust, contamination by organic materials, radiation effects --

after effects of micrometeroid impacts were found to be of relatively small

significance.

_':'_:_Thissection and its corresponding appendix are labeled l1 and J, respec-

tively, in the sequential context of the TV camera contract Final Report.

These two parts of the report and a separate references page are incorpo-

rated verbatim for ease of publication into the Final Reports on both
contracts.

_':_':_:<Thesepatterns were not those that would be expected from radiation

darkening of the paint, as determined by the geometry associated with the

incident sunlight.
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Preliminary analysis indicated that discoloration of the surfaces was
caused by some combination of the following three factors:

Dust from the lunar surface -- from Surveyor III or lunar
module landing, or both

z) Organic contamination- outgassed from Surveyor III or

deposited from prelaunch environments; also contamination
from rocket exhaust

3) Solar radiation affecting the paints and/or the organic or other

contaminants present

A special task was established to study this problem by analysis,

supporting tests, and coordination with pertinent efforts conducted as part of

the parallel science studies. The study was motivated by the desire to
understand the nature and cause of this discoloration in order to assess the

effects of lunar exposure for possible applications to future designs.

Contamination of surfaces is important to optical systems. Trans-

port of lunar fines and their associated effects on thermal control surfaces

are significant for future lunar ol_erations. Analysis of the discoloration

and contamination effects could also help obtain reasonable estimates of the

thermal history of the camera, which would be of importance to biology and

engineering investigations and other science studies.

An initial plan of attack was developed but had to be abandoned

later on. This plan was based on physical removal of successive layers of

dust and other contaminants from the surfaces by a variety of postulated

techniques. It was thought that this sequence would permit the identification

and separate examination of the contributions of the various sources of

discoloration. Preliminary tests conducted revealed that the surface struc-

ture of the paint and its porosity would preclude such removal techniques.

The plan finally pursued (discussed in Section ll.3) was based on an

alternate approach which proved reasonably successful. This plan entailed

careful selection of a variety of samples and selective measurements

supported by analytical studies of the total properties of these surfaces.

The separation of the contributory factors would thus be accomplished by

analysis and by interpretation of the test data obtained by the various tech-

niques employed, using to the maximum possible advantage the knowledge of

the relative locations of the selected samples at which the contributory

effects were present in significantly different amounts.

The test and analysis program included spectral reflectance studies

at Hughes, supported by measurements at TRW, Inc. under a Hughes sub-

contract; analytical studies at JPL; a_d use of supporting data obtained from

parallel science investigations coordinated by JPL. Results of these
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contributory inputs were then assessed by Hughes and JPL, leading to the

preliminary results reported here. It should be emphasized that the study

is by no means complete. While significant progress has been made and an

initial general understanding of the nature and causes of discoloration

achieved with a reasonable assurance of validity, much additional work may

be warranted. In particular, further inputs from the yet incomplete pre-

liminary science investigations may be of specific import.

Results of the study reported here include numerous reflectance

measurements of the surfaces conducted by Hughes. Associated with these

reflectance measurements were studies of optical and thermal bleachings

associated with the radiation damage. A methodical analysis of the reflec-

tance data, conducted by JPL, is also summarized. Results of this study

were used in conjunction with the reflectance measurements to separate the

relative effects of lunar dust and radiation.

Inputs from the parallel science investigations, approved by NASA

and coordinated by JPL, are also included. The ion microprobe studies

conducted at the GCA Corporation _':'_were helpful in indicating the amounts of

lunar material on the painted and other surfaces, the depth of lunar mate-

rial penetration, and the presence of other materials. Measurements of the

quantity of trapped solar wind gas, conducted at the State University of New

York (SUNY)/ .....were also used to advantage in indicating relative amounts of
lunar materials on the various surfaces .........Results of these parallel

science studies at GCA and SUNY are only briefly discussed here; details

of their investigations are expected to be published separately at a later

date.

Ii. 2 DATA AVAILABLE FROM PRELAUNCH, LANDING, AND

POST-RECOVERY EXAMINATION

A summary assessment of the data available prior to the finalization

of the DOR study and test plan is presented in this section. Subsequent

discussion of the plan itself and of the test results obtained is to a large

extent based on this information. Available data included prelaunch opera-

tions and their effects, effects and observations during the lunar recovery

operations and during the return of the parts to earth, and results of visual

examination of the returned parts.

_:_By Dr. F.G. Satkiewicz.

_:_':_ByProfessor O. Schaeffer.

_':_':'_':_Thisapproach was originally suggested by F. Fanali of JPL.
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II.2. 1 Prelaunch ]Effects

The exterior surfaces of the Surveyor III camera were, for the most

part, coated with white inorganic paint used as the primary temperature

control coating. The inorganic white paint was used on the exterior sur-

faces of the lower shroud, upper shroud, and mirror housing.

The paint consisted of a calcined china clay pigment, primarily an

aluminum silicate, in a potassium silicate binder. The coating was applied

to a thickness of 6 to 8 mils on a 6061-T4 aluminum alloy substrate. The

paint was characterized by a low initial solar absorptance and a high initial

emittance.

Prior to launch, the Surveyor III camera was exposed to many

possible sources of contamination, including those incurred in manufacturing

and during thermal-vacuum testing. A rework of the thermal control sur-

faces was conducted on all Surveyors, including Surveyor III, just prior to

launch in order to remove all visible contamination. Areas where the paint

was missing were touched up with an organic coating. Other areas of dis-

coloration were sanded down. Further details of prelaunch operations on

the painted surfaces are presented in Appendix J-I.

Two subsequent observations which have a definite relationship to

the above prelaunch operations should be noted. The areas touched up with

organic paint were observed on the returned camera to have discolored less

than the adjacent areas covered with inorganic white paint. The scope of

the study did not permit an exhaustive analysis of this effect, and further

work may be warranted. However, it is postulated that the likely explana-

tion of this apparent anomaly is that lunar dust does not adhere to organic

paints as well as it does to inorganic paints.

The second observation during the visual examination of the camera

also related to the prelaunchtouching up operations. Areas of inorganic

white paint which had been sanded down appeared to have discolored less

than the unsanded areas. Similarly, the scope of the program did not allow

a more extensive pursuit of this phenomenon, and further work may be
warranted. _:_

:"One of the suggested follow-on tests in the Final Report of the Surveyor III

camera tests, Section 1.6.3. One postulated mechanism is that the inorganic

white paint was originally contaminated with some organic materials which

were removed by the sanding operation; hence, the contribution total dis-
coloration attributable to radiation would be less for the sanded areas.

This, however, conflicts with the fact that no significant traces of organics

were found on the discolored inorganic white surfaces in the course of the

study, as discussed later.
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It is believed that no contamination of the external surfaces occurred

during the prelaunch and transit phases. The spacecraft was covered with

a protective shroud at launch. This shroud was ejected 203 seconds after
launch.

II. 2.2 Lunar and Recovery Operations

Surveyor III landed in a cloud of dust. The landing was abnormal:

the Surveyor bounced three times along the slope of the crater. Details of

the orientation of the spacecraft and of the camera are presented in

Appendix J. 1. The dust generated during the landing affected the condition

of the surfaces of the Surveyor III camera. One evidence of this effect was

the considerable veiling glare noted in the television pictures obtained by

the spacecraft during its lunar day operations.

No major events are known to have occurred in the adjacent areas

during the 2-I/2 years of residence of Surveyor III on the lunar surface until
the arrival of the Apollo XII lunar module. ""

The lunar module approached the Surveyor III spacecraft from the

east, passed to the north of it, and landed 535 feet away. Details of the

landing operations and of the landing configuration are presented in

Appendix J.I. Again, the important observation is that a significant amount

of dust appears to have been deposited on the Surveyor III spacecraft as a
result of this landing.

During the second extravehicular activity period, the astronauts of

Apollo XII arrived at the Surveyor III site and removed the various recovered

items. A piece of a painted tube and several cable sections cut from the

spacecraft were placed in a special container called the sample environ-

mental sealed container (SESC), which was tightly sealed and returned in

vacuum and darkness. All of the remaining parts, which were cut free of

the spacecraft, including the television camera, a section of polished

aluminum tubing, and the soil mechanics/surface sampler (SM/SS) scoop,

were placed in separate pockets of the backpack.

In photographing the spacecraft in the course of the above operations,

the astronauts reported it had an extensive brown appearance. This report

was repeated during the postflight debriefing when the astronauts described

the Surveyor III spacecraft as "looking like it had been driven down a dusty

road, rained upon, and finally left in the sun to bake"

Upon return to the lunar module, the astronauts stored the backpack

under a shelf. All parts were later transferred to the command module and

See Appendix J. 1.2. Also effects of landing of nearbymeteroids,

purely speculative, cannot be totally discounted.

whi ie
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strapped into position. Thus complete immobilization was not achieved. For
example, it is believed that the two dents in the sun visor of the camera seen
in the frontispiece* were probably incurred at the time of the hard landing of
the command module in the Pacific Ocean.

The parts were exposed to the oxygen environment of the command
module during the return to earth at a pressure of about 3 to 4 psi. The
backpack containing the parts was transferred to the NASA Houston Lunar
Receiving Laboratory (LRL) with the astronauts. Early in the quarantine
period, the parts were taken out of the backpack. They were first photo-
graphed and then double-bagged in heat-sealed polyethylene until their
release from quarantine on 7 January 1970.

Ii.2.3 Visual Observation

Visual observation of the returned parts was conducted at the LRL

in early January by Hughes, JPL, and NASA personnel. More detailed

results of the visual observation conducted, insofar as it applies to the sur-

face discoloration studies, are presented in Appendix J. 2. A more com-

prehensive discussion of the visual examination of the television camera is

presented in Section 3.4.** The highlights of this examination are sum-

marized below.

Both extensive and non-uniform discoloration of the camera were

noted, including unique shadow patterns mentioned earlier. These surface

shadow patterns provided the basic background used to develop the surface

discoloration and contamination study test plan.

Discoloration was observed on all surfaces of the television camera,

with colors ranging from gray to light tan. It was generally darker than

expected. Shadow patterns were discovered on the painted surface on the

side of the camera facing the lunar northwest. These areas were associated

with surface protrusions, such as screw heads, and overlying parts, such

as wires, cables, and struts. The television camera mirror was hazy.

The shadow patterns appeared to be related uniquely to the location

of the lunar module relative to the Surveyor III camera. It was assumed as

a result of the visual examination that the landing of the lunar module

caused a severe shower of lunar dust which "sandblasted" the unshielded

Surveyor III surfaces, eroding away previously darkened surfaces.

*Frontispiece of the JPL contract (Television Camera Test Program)

Final Report; not included in the NASA-MSC contract Final Report.

,:-';:-'Notincluded in the NASA-MSC contract Final Report.
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It should be noted that discoloration by solar radiation had been

expected for the white painted surfaces. Return of the camera in the air

environment was not expected to cause bleaching. It was conjectured that

exposure to light would eventually cause bleaching. It was originally

recommended by Hughes and JPLthat all parts, including the television

camera, be returned in light-tight vacuum containers. This, however, was

not possible for reasons of weight, space, and schedule.

Ii.3 EVOLUTION OF TEST PLAN

As noted earlier, the surface discoloration study plan underwent

several cycles of changes. The process of arriving at the test plan was

guided largely by the understanding of the mechanisms of damage, as it

evolved, and by the applicability of the various test techniques considered.

As these mechanisms became more evident, appropriate changes in the plan

were instituted. The final test plan thus reflects the eventually postulated

mechanisms of damage.

This section briefly summarizes the evolution of the final test plan,

leading to a summary outline of the test program conducted, described in

the succeeding section. It is considered appropriate and useful to the under-

standing of the final plan to review the factors that were involved in its

development.

A preliminary model of surface damage was postulated before the

recovery of the Surveyor III parts as part of the original planning operations,
discussed in Reference I01 _:_This earlier model considered meteroid

damage as possibly significant and relegated lunar dust to a second-order
effect. However, visual examination of the returned camera indicated that

meteoroids were not significant; only one primary meteroid impact on the

entire camera surface was reported by NASA (Reference 102). The lunar

dust was found to be a significant factor, as noted in the previous discussion
of visual observations.

Based on the above, the following preliminary damage model was

then proposed: Some organic contamination had been deposited on the

spacecraft prior to launch. This contamination was not removed during the

cleanup operations on the thermal finish. During the landing on the moon,

some solid matter from rocket exhaust was deposited on the various sur-

faces. The gaseous products from the vernier descent engines, which had

a high vapor pressure, are not believed to have been deposited. During the

landing of Surveyor III, some small amount of dust was deposited on the

spacecraft. In the course of the succeeding Z-I/2 years prior to the landing

of Apollo XII, ultraviolet radiation and low energy protons (l key) degraded

_:_References for Section II and Appendix J are common to both reports and

listed apart from other references at the end of the volume.
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the optical properties of the surface_. The extent of this degradation
depended on the amount of exposure of each surface to sunlight, as noted in
the discussion in Appendix J. 1.2. In addition, organic materials were
deposited on the various painted surfaces of the spacecraft as a result of
outgassing from nearby parts of the spacecraft. These, too, were degraded
by radiation. The landing of the Apollo XII lunar module was a major event,
resulting in the showering of the Surveyor IIIwith dust particles. Resultant
shadow patterns are uniquely related to the relative location and orientation
of the lunar module on the lunar surface. It was believed that the majority
of the dust present on the surfaces of Surveyor III was deposited at the time
of the landing of the Apollo XII lunar module.

The initial test plan was based on the preliminary damage model just
d_scribed. This plan entailed the sequential removal of the various deposited
materials (organics and dust) by means of several proposed techniques. It
had been hoped that this would separate out each constituent of the damage.
With proper selection of surface samples, a reasonably quantitative model
could thus be constructed.

The various techniques proposed for the removal of the dust were
tapes, collodion casts, and nonaqueous liquid wash. Solvent soak was
proposed for the removal of organics and dust. Upon removal of the organics
and dust, it was hoped that only the effects of radiation damage to the paint
would remain. This procedure was to be supplemented with several analytical
techniques used prior to, in the course of, and after the removal of the
various deposited contaminants. These techniques included scanning electron
microscope(SEIVi) studies, various elemental probes, mass spectral analysis.
The plan was not successful because it was impossible to separate the various
contaminant levels. For example, collodion casts ren_oved not only the large
particles of lunar debris but the paint as well. Very fine lunar dust particles
caught in the cracks and pores of the rough surfaces of the inorganic paint
could be removed. As another example, SEM studies of the samples cut
from the painted surfaces proved futile. Lunar material could not be
separated against dielectric paint background, except in the case of unique
spherelike particles.

The final test plan developed and pursued entailed a direct analysis
of carefully selected samples, with only localized disturbances of surface
conditions. Selective separation of contributory factors was accomplished
by use of different techniques selected to emphasize the presence of
particular sources of contamination, by selection of different samples
exposed to predominantly different sources of contamination, and by support-
ing analytical techniques which were of assistance in correlating and
separating the contributory effects.
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In summary, the test and analysis plan,

included the following parts:

finally embarked upon,

l) Careful selection of samples from various surfaces of the
television camera:

a) Separate lunar module dust effects from Surveyor dust
effects

b) Separate areas of high incident solar radiation from areas

of no solar radiation

c) Separate areas of possible high organic contamination from

no organic contamination

2) Measurements of spectral reflectance of the various surfaces as

a primary test technique

3) Use of supplementary measurements ;:'_to attempt to isolate and

define the extent of specific contributory factors:

a) Ion microprobe studies for analysis of contaminants

b) Measurement of trapped helium to determine the amount of

lunar material present

c) Measurements to determine the amount of organic materials

present

4) Analysis :

a) Direct analysis of the above experimental data

b) Mathematical analysis, furnished by JPL, of the contributory

effects of lunar dust to spectral reflectance

The proper selection of samples was of major importance. Since the

northern side of the camera apparently received a great deal of dust from the

lunar module, while the southern side had received little or no dust, samples

from both sides were selected. Since one of the major suspected contributors

to deposition of organic materials was the backside of the solar panel coated

with an epoxy paint which could readily outgas, a sample of the top of the

;:"These measurements, conducted by various science investigators as part of

_i....... ,,^i • __, vcere ,-,_,_-_H_-_H by .TPT,. Selected inputs from

these studies were furnished to Hughes for possible inclusion in this

assessment.
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television camera directly under the solar panel was included. Similarly,
samples were selected from areas of both high and low incident solar
radiation.

The ion microprobe analysis of selected samples was conducted by
the GCA Corporation. _':'_This technique consisted of sputtering surface
materials and analyzing the formed ions. Sputtering continued to remove

material at the rate of 400 _/min. Thus, depth profiles of contaminants

such as dust, organics, etc., on the surface of the paint could be obtained.

Direct analysis of the amount of the lunar material present on the

various surfaces was conducted at SUNY. _:'_"_Lunar fines, very rich in

helium, have been deposited by the solar wind over the centuries. By

measuring the helium content of samples, the volume of lunar material

present could be determined for the various surfaces (Reference 11-3).

Organic analysis was conducted at the University of California,

Berkeley, "_"_':'_':'_on samples prepared by Hughes. Experimental results have

not yet been reported and were not available for inclusion in this analysis.

Spectral reflectance measurements were conducted prior to sub-

mittal of all samples to outside investigators. Extensive spectral reflectance

tests were also conducted by Hughes on many of the other samples, as

discussed in the following subsection. Some measurements were conducted

at a TRW facility under a Hughes subcontract.

In addition, controlled photo bleaching and thermal exposures were

conducted by Hughes on samples in an attempt to selectively bleach out

the radiation damage. These experiments became necessary when it was

observed that the discoloration of the painted surfaces exposed to room light

was disappearing with time. This effect is also described in detail in the

next section.

II.4 SUMMARY OF TEST RESULTS

This subsection contains a summary of the results of the tests con-

ducted in accordance with the general plan outlined in Section i I. 3. The

basic data gathered in these studies are presented in Appendix J. 4. The

bulk of the material presented here pertains to the measurements of

spectral reflectance of samples of returned Surveyor Ill parts, as well as

_':'_Dr.F.G. Satkiewicz.

......Dr. Oliver Schaeffer.

_':"_:"_';_Dr.A.L. Burlingame.
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of control laboratory samples of surfaces painted with the same type of white

inorganic paint. The measurements include results obtained during various

attempts to intentionally alter the reflectance of selected control samples

by chemical, thermal, and optical techniques in order to obtain supporting

data. Also included in this section is a summary of the analysis conducted

by JPg of the relation of lunar dust to the degradation of spectral reflectance.

A mathematical expression was derived, which, coupled with experimental

data, could be used to separate dust effects from radiation effects. Further

details of this analysis are presented in Appendix J. 5.

A summary of the results of chemical analysis conducted as part of

the science effort by SUINY and GCA Corporation, coordinated by JPL, is

also included. The reflectance measurements of the Surveyor III samples

submitted to these investigators are discussed in Appendix J. 4. 6.

II.4. 1 Spectral Reflectance Measurements

Initial Measurements

The reflectance of the lower shroud of the television camera was

measured at seven locations (Figure if-l). Throughout this subsection,

these numbered positions are referred to as "TRW positions". Positions 5,

6, and 7 were on the side of the shroud facing the landing site of the lunar

module. Positions 1 and 2 corresponded to the front of the shroud, which
faced the lunar northeast.

The reflectance of the lower shroud was measured in April 1970 over

the range from 0.3 to 2. 6 microns. The technique used was substitutional,

with the shroud placed at the wall of an integrating sphere since sample

cutting was prohibited at that time. These are the only measurements

reported in this document where this technique was used. All other measure-

ments were made by placing the sample at the center of a Gier-Dunkle

integrating sphere. The data taken in this series of tests are self-consistent

but must be modified when comparing to the later measurements. These

first measurements were approximately 5 percent high.

A decrease in reflectance over original values at I. 5 microns was

found on most surfaces. This was not seen on TRW position l of Figure II-I.

This location was protected from the lunar environment by a bracket, whose

photographs are shown in Appendix J (Figures J-19 and J-Z0). Laboratory

studies have shown that neither ultraviolet nor solar wind protons will cause

a reflectance decrease at 1.5 microns for this clay-silicate inorganic paint.

Thus, the reflectance drop is attributed to lunar dust. Organic contaminants

were ruled out as discussed later. The variance in the magnitude of the
reflectance at 1.5 microns is a measure of the amount of lunar material

present on the surface. Table ll-i summarizes the significant results

obtained. An expression relating dust coverage to the reflectance is

presented in Section 1i. 4. 2.
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Figure 11-1. Lower Shroud of Surveyor III Camera, Showing TRW Measurement Positions
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Figure 11-2. White Painted Tube Section Returned 
From Moon in SESC in Quartz Vacuum Chamber 
(Photo 00545-292) 
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Measurement of Tube Section From SESC

An important spectral reflectance test was planned for the white

painted tube sample returned in vacuum by the Apollo XII astronauts. This

tube was cu t from one of the struts of the tripod bracket of the camera

support collar and was to be tested in vacuum and then in air. However, a

leak was found in the SESC. The proposed test was conducted even though

it could no longer be assumed that the part had been returned in vacuum.

The white painted tube found in the SESC was cut, and a section was trans-

ferred to a quartz vacuum chamber made light-tight with an external shroud.

This is shown in Figure 11-2. The transfer was accomplished in an argon

atmosphere, and the quartz chamber was then evacuated. The reflectance

of the white painted tube was measured in vacuum (1 x 10 -7 Torr), in

partial vacuum, and then at 1 arm. Several days later, for the first time

since return to earth, the tube was exposed for 48 hours to bring light free
from ultraviolet. Its reflectance was then remeasured.

No effect was noted on the reflectance as a result of the increase in

pressure, first to 12 microns and then to 1 atm. This is consistent with

earlier work by Hughes and others, which indicated that this paint did not

exhibit atmospheric bleaching. Had the white painted tube been at 1 atm

previously as a result of the leak in the SESC, vacuum bleaching would not
have been noted in this test.

No white light was allowed to strike the sample during these tests of

the white painted tube section. When light was necessary, low level red

illumination was used. Any photo-induced bleaching could thus be studied
under controlled conditions.

The photo bleaching test was conducted while the tube was at 1 atm.

No bleaching occurred at i. 5 microns, but an increase of approximately

8 percent was found at 0.4 micron. The tube, which was dark yellow when

returned from the moon, lost its yellow appearance and turned a dirty gray

over the half exposed to the white light; the other half reamined a uniform

dark yellow. This increase in reflectance (i.e., loss of yellow color) is

due to the photo bleaching of the radiation damage within the paint.

No additional work was done with the tube. It was exposed briefly

for photography (photofloods) and then returned to its light-tight container.

Tests of Section of Camera Tube Stored in Dark

A parallel experiment was conducted on another tube from the support

collar. This collar was removed from the camera at ERE in January 1970

and was immediately stored in the dark. The collar was removed from the

dark storage, and a section of the tube was cut off. Visual examination of

this t, he revealed that it was yellow with two regions parallel to the axis --

one dark yellow and the other gray.
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The tests conducted on this tube are discussed in detail in

Appendix J.4.4. The tests consisted of measurements of spectral reflec-
tance before and after the following two consecutive operations: a carbon

tetrachloride soak and a thermal bleach. Results of these measurements,

summarized below, are discussed in Appendix J and plotted in Figure J-25

for the three regions of the tube (gray, light yellow, and dark yellow). It is

recognized that some changes in the values of reflectance obtained in succes-

sive measurements may be attributed to the loss of lunar material or to the

failure to perform the measurements at identical sample positions.

The carbontetrachloride soak was performed in an attempt to remove

organics from the surface. Measurements after the soaking revealed a very
small increase in reflectance. Thus, results of this test indicated either an

absence of organic materials or, at the very least, the absence of such

organic materials that were removed by carbon tetrachloride. Subsequent
ion microprobe tests conducted at GCA indicated little organic material on
the surface of the camera. Additional mass spectrometer tests now in

progress as part of the science investigation may shed further light when

results are reported.

A thermal bleach test using this tube section was then conducted.

The tube section was raised to about 430 °F for 18 hours in air. Remeasure-

ment of the spectral reflectance indicated a significant increase in reflectance

in the visible portion of the spectrum. The yellow color disappeared and the

tube appeared dirty gray-white, similar to the tube that was photo bleached.

It was also noted that following the thermal bleach, unlike the photo

bleach, the reflectance increased at wavelengths longer than about 1 micron.

This is not surprising. The same increase was found at wavelengths longer

than 1.3 microns in similar laboratory tests of unexposed Surveyor inorganic

white paint. The increase can be attributed to the loss of water, loosely

bound within the silicate structure.

These bleaching tests were undertaken in an attempt to remove the

effect of radiation on the optical properties of the white paint, leaving only

the dust discoloration. On the basis of the laboratory ultraviolet exposure

of a sample of the same white paint, it does not appear that 18 hours at

450 °F is sufficient to completely bleach out all the radiation damage. Tests

at higher temperatures were not conducted.

Effects of Thermal and Photo Bleaching

It is apparent from the observed gradual bleaching of the lower

shroud of the camera that a complete isolation of the returned materials

from light and excessive heat was required. When this apparent lightening

of color first became apparent, it was tentatively attributed to a gradual

loss of deposited lunar material, or to bleaching of the paint. Optical

measurements made as late as November 1970 showed that the reflectance
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at I. 5 microns remained nearly constant, indicating that very little lunar

dust had been lost. The lightening of the surface must therefore be attributed

to photo bleaching of the paint.

The magnitude of this was clearly established in May 1970 when the

cable bracket from the lower shroud was examined. This bracket had been

kept dark since its removal from the camera in January 1970. Photographs
of the bracket and lower shroud showed at that time that both had the

same brownish yellow color. However, in May the shroud appeared grayish

white, while the bracket retained the brownish color previously noted.

Samples cut from the lower shroud were exposed in November 1970

to the thermal annealing test conducted on the two tube sections. No increase

in reflectance was observed. Time-dependent photo bleaching by ambient

(room) lighting had already raised the reflectance. This can be seen in

Table 11-2, which summarizes the results of these tests. Very little change

with time occurred at 1.5 microns. It is surmised that the reflectance at

0.4 micron at the time of return from the moon must have been still lower

than 27 percent, the value shown in Table 11-2 for the April 1970 measure-
ment. Based on the measurements of the tube returned in the SESC and the

bracket which had been previously exposed to light, the reflectance is

estimated to have been about 20 percent at the time of return to earth. It

should be noted that this sample was taken from a region facing east, a

surface which was exposed to maximum solar radiation.

Four samples were cut from the cable bracket (also facing east) in

May 1970, and their spectral reflectance was measured. The samples were

then returned to dark storage until August 1970 when the spectral reflectance

was remeasured. No increase in reflectance was found. The spectral

reflectance was remeasured in November 1970 after additional dark storage.

There was still no change in reflectance. It therefore appears that dark

storage preserved the optical conditions for many months.

Two samples from the cable bracket were then exposed in November

1970 to the same light as the television camera, i.e., the fluorescent

lighting of a laminar flow bench. The intensity of the light at the unprotected

sample surface was 200 watts/ca 2. One sample was protected by

0. 002 inch of clear teflon FEP film and the other by the teflon and 0. 012 inch

of polyethylene. The polyethylene simulated the condition in which the

television camera was maintained from the time of return until 6 January

1970. Actual room lighting conditions during the storage were not known.

The light intensity reaching the samples was about 170 watts/ca 2.

The spectral reflectance increased about 1 percent after 72 hours of

exposure to the light. After 17 days, significant bleaching occurred, with

an increase in reflectance of 13 percent at 0.4 micron for both samples.

This experiment may be interpreted to mean that the television camera

probably saw very little light during its LRL quarantine period since the

camera was quite brown when first viewed in January 1970.
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A set of experiments was conducted to further assess the effect of
thermal soak on reflectance and to determine the role attributable to the

presence of oxygen in this process. Results are summarized in Table 11-3,

with additional details in Appendix J.4. Laboratory samples previously

exposed to ultraviolet radiation and a sample of the returned Surveyor III

camera were tested. As seen in Table 11-3, some of the samples were

exposed in vacuum and some in air. All thermal soaks were performed for
18 hours at 450°F.

Thermal soak in air of the laboratory samples gave results similar

to those obtained for the returned lunar sample. While some restoration of

reflectance was produced, exposure in air for 18 hours at 450°F did not

completely restore the optical properties.

As seen in Table 11-3, an entirely different result was obtained

when the laboratory and the lunar samples were thermally exposed in

vacuum. The reflectance of both samples was found to decrease significantly.

Measurements of reflectance following the thermal exposure in vacuum were

made in air. Subsequent thermal soak in air of the laboratory sample, which

had been subjected to heat in vacuum, resulted in restoration of its reflec-

tance to the same values obtained for the sample exposed only to air and
heat. This can also be seen in Table 11-3.

Reduction of reflectance as a result of thermal exposure in vacuum

is not understood. It was originally thought that the reflectance of these

samples would rise as the trapped electrons (color centers) were thermally

depleted. For that reason, the presence of oxygen was not considered

significant; results of thermal exposure in air and in vacuum had been

expected to be identical. Evidently, this was not the case. However, this

unexpected result had no direct bearing on the surface discoloration and

contamination studies of the returned samples. This result may be unique

to the clay-silicate paint. Further tests may be warranted if it is desired

to explain the results of thermal bleaching in vacuum.

II.4.2 Analysis

The discoloration model postulated that the loss of reflectance was

due to a combination of two effects: solar radiation and surface coating by

a layer of lunar dust. The latter reduction of spectral reflectance occurred

when the incident light passed through the dust layer and after reflection of

the light from the painted surface in transmission through the dust.

An analysis was conducted at JPL to attempt to derive a mathematical

expression for the contribution of the lunar dust to the overall decrease of

reflectance. Results of this analysis are described in Appendix J. 5. As
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shown there, the measured reflectance at any one wavelength can be

effectively expressed as

Pm = Po D (I - KAd )2

where

Pm = measured spectral reflectance of surface

-- original spectral reflectance of painted surfacePo

D = ratio of reflectance of surface degraded by solar radiation

and contamination (other than dust) to original reflectance

li = experimentally determined constant (function of wavelength)

A d = fraction of area covered by dust

Using the above expression, it is possible to separate analytically

the effects of dust from those due to radiation and contamination (term D).

To do so, the factor IiA d must be determined experimentally in addition to

the measurement of the final spectral reflectance and the knowledge of the

original spectral reflectance.

An example of the results obtained by this technique is shown in

Figure 11-3. Curve A shows the original reflectance of the paint, and

curve B shows the measured reflectance of one of the samples of the returned

Surveyor III camera. ;:_ Curve C shows what the reflectance of the surface of

the sample would be if the dust were removed. Thus, curve C indicates the

degradation caused by radiation damage only. Similarly, curve D shows

what the reflectance of this sample would be in the absence of radiation

damage and with degradation by dust only.

It should be noted that the same evidence is apparent from the

measurements discussed in Appendix J.4. I. In particular, results obtained

for the two samples, shown in Figures J-10c and J-10f, should be compared

with the results shown in Figure 11-3. Figure J-10c applies to the samples

whose reflectance degradation is predominantly attributable to radiation,

Designated as 521 in Program Test Log Book.
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while Figure J-10f applies to a san_ple primarily degraded by lunar dust.

Comparison of Figure J-10c and Figure II-3c illustrates the photo bleach-

ing effect described in Section ii.4. i.

II.4.3 Results of Related Investigations

As described earlier, the surface discoloration and contamination

studies utilized to the maximum extent possible the results of the effort

conducted as part of the parallel science investigations under JPL coordina-

tion. Results of these investigations will be reported separately.

Some of the results obtained by using inputs available to date from

the science investigators are summarized here. Table 11-4 compares

results obtained by several techniques for a number of samples from the

returned Surveyor III camera. The samples include surfaces covered by

inorganic white paint, as well as a polished aluminum surface from the

bottom of the lunar shroud. This particular comparison, shown here as an

example, relates to the calculation of the fraction of the area covered by

lunar dust at several locations. This calculation was made using total

reflectance measurements as the basic raw data. For each technique listed

in Table 11-4, location A is taken as a reference. The three techniques

compared are the analytical technique described in Section Ii. 3. 2, the

trapped helium experiments conducted at SUNY, and the "ion microprobe
work conducted at GCA.

With the exception of the value obtained from reflectance analysis

for location D (polished aluminum), the results in Table 11-4 show decreas-

ing amounts of lunar dust on the various surfaces in the order shown. An

additional exception from ion microprobe data, not shown in Table 11-4,

indicates highest dust coverage on location B for a depth less than 0.4 micron.

The values for location D were computed from Equation 4,

Appendix J. 5, using experimentally determined values Of ICk for painted

surfaces. The polished aluminum is a smooth surface and a specular

reflector, while the painted surface is rough and a diffuse reflector. Thus,

the assumption of equivalent K k is in error by an undetermined amount. ""

Determination of I4k for the aluminum surface and resolution of the apparent

inconsistency would not alter or improve the understanding of the discolora-

tion. If warranted, additional measurements could be made in the future.

Since K 2 and K 3 of Equation 1 in Appendix J. 5 are proportional to

the transmission through the lunar particles, the apparent heavier coating

of fines for location B (not shown in Table 11-4) is not inconsistent with

reflectance determinations: the smaller particles would absorb less light.

I_ vzas possible to determine A d as equal to approximately 0. 14 for the

polished surface from scanning electron microsopy.
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ii. 5 DAMAGE MODEL

II.5. 1 General Assessment

An overall assessment of results to date of the surface discoloration

and contamination studies, initiated and conducted with an awareness of the

complexity of the problem and with due reservations, can now be attempted.

It is believed that a reasonably good damage model has been obtained within

the limits of the scope of this program and the time available.

The model proposes that the discoloration of the surfaces of the

returned Surveyor III hardware is attributable to a combination of two

dominant effects: radiation damage and lunar dust, the latter both from the

original Surveyor landing and from the landing of the Apollo lunar module.

There is some still inconclusive evidence of organic contamifiation, but its
contribution to the total discoloration is believed to be minor.

The camera painted surfaces showed an overall dirty color in vary-

ing degrees, shades, and tones. This variation is the result of the two

contributory effects: radiation damage to the paint and lunar dust coverage.

While some areas are primarly affected by one or the other source, the

majority of areas indicate varying contributions from both sources.

The contribution attributable to radiation damage is proportional to

the extent of solar exposure experienced. The dust coverage was signifi-

cantly greater than originally anticipated. Interaction of the lunar model

descent engine with the lunar terrain disturbed the surface material and

caused a major interaction with the Surveyor spacecraft even though the

landing site was over 500 feet away.

The proposed model has been quantitatively demonstrated to be a

reasonably correct one at several selected areas of the affected Surveyor III

surfaces. The model has not been fully tested for all of the surfaces in

order to synthesize the total complex discoloration pattern. Further

investigation may be warranted if the additional degree of detailed knowledge

is desired. Science studies currently under way may yield additional
information of value to this model.

The dust effects on reflectance and the lunar interaction effects may

be of value for future lunar operations. The radiation damage information

for the specific thermal coatings used on the Surveyor was not expected to

have a significant impact on future space or lunar operations.

A summary discussion of the above contributing factors is presented
in the remainder of this section.
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II.5.2 Effects of Lunar Dust

With the exception of one small area designated in Figure II-I as

TRW position 3, described below, all exposed surfaces of the camera had

a coating of fine lunar material. The amount of this coating varied from

area to area: the "dirtiest" area was estimated to be about four to five

times more heavily coated than the "cleanest" area. The various sources

of lunar dust are listed in Table II-5. These variations in the degree of

cleanliness may thus be attributed to the quantity of dust imparted from the

various sources to the differences in the adhesion of the dust to camera

surfaces and to the various mechanisms of removal of the dust: prior to

camera retrieval, during return, and during subsequent handling. In

addition, there was some variation in surface roughness of the paint; the

rougher areas tended to hold more material during deposition and during

disturbances in handling.

As discussed in Appendix J. 1.3, the surfaces on the northwest side

of the camera exposed to the lunar module landing site were substantially

lighter than the immediately adjacent areas protected by projecting hardware

such as struts. This difference in color was largely due £o the removal of

adhering lunar material from these exposed surfaces probably by the

"sandblasting" effect of material disturbed by the lunar module (LM) landing.

These lighter areas on the LM side were darker than the overall color of

the opposite side of the camera (away from the LM, facing southeast).

Analysis indicated that less than half as much lunar material was present

on the side away from LM as on the sandblasted areas facing the LM. These

differences may be the result of one or more of the following: a much higher

initial coverage on the LM side (Table ii-5, sources l, 2, or 3a),

incomplete removal by the LM effect of sandblasting, and deposition of

particles disturbed by the LM, arriving later (Table 11-5, source 3a).

The front of the lower shroud showed slightly less dust than the

sandblasted parts facing the LM but still approximately twice as much as the

side away from the LM. The differences between front and sides, toward

and away from the LM, may be due to differences in geometry or adhesion

during sources l and/or 2 (Table II-5). The side of the camera's lower

shroud away from the LM landing site was in the view of the approaching

LM, until the LM was several hundred feet east of its final landing site and

at an altitude of 200 £o 300 feet. The front was exposed at a small angle

with respect to the location at which the "first visible dust" was noted. This

is discussed in Appendix J. I. 3 and can be seen in Figure J-4.

Although it might be argued that all of the contrast was due to dust

stirred by the approach of the lunar modules, the absence of localized

asymmetry around protrusions on the side away from LM indicates that

the contribution from LM approach was minimal on that side. It is not

possible to conclude that the LM contribution was minimal on the front.
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TABLE 11-5. POSSIBLE SOURCES OF DUST

CONTRIBUTION TO DISCOLORATION

I
I

I

I

I
I

Number

1

2

4

Possible Source

Surveyor landing

Lunar transport (i.e., secondary debris

from meteoroid impacts)

Lunar module

a Approach

b Final descent ("sandblasting"

effect)

c Irate arriving fines from final
descent

Redistribution during return and handling

I

I
I

I

I
I

I

I
I

I

The camera hood showed more dust than the lower shroud, with the

highest concentration on the top and the side facing the LM. The paint in

this area had a rougher texture, which would tend to trap and hold deposited

dust more effectively. However, particles from any of several sources with

a high ballistic trajectory, sources i, 2, 3b, and 3c in Table 11-5, would

deposit preferentially on top of the hood.

The mirror was known to have been dusty and/or pitted as a result

of the abnormal landing of Surveyor III, as discussed in Appendix J. I. 2.

Comparison of the amount of dust present immediately after the Surveyor

landing to that present at the time of the retrieval of the camera is under

study as part of the parallel science investigation and will be reported

separately. Any increase noted would be the result of sources 2 or 3a in
Table ii-5.

A small area on the side away from LM, designated as TRW

position 3 in Figure ii-I, appeared to be free of dust. This area was

beneath the cable running from the front, along the left side of the camera.

The absence of dust may be due to "shadowing" of the surface from the

incident dust or caused by a removal mechanism not fully understood.

Seen in the frontispiece of the JPL contract Final Report; not included in

the NASA-MSC Contract Final Report.
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Preliminary examination of screws from various parts of the camera
showed quantities of lunar material that were in general agreement with the
amounts on the painted surfaces, discussed above. These examinations
were informative since the dielectric lunar material could be identified on
metallic surfaces but not on the dielectric paint. The screw head surfaces,
partially exposed to the LM sandblast, showed asymmetry in dust coverage,
with less material on the exposed than on the shadowed portions. Screws
from the opposite side of the camera showed less material than the sand-
blasted surfaces. These studies are being pursued as part of the science
tests. They have not yet been completed and will be reported separately.

Shadow patterns due to dust coverage are not apparent on the side of
the lower shroud away from LM. Sources 3a, b, and c in Table Ii-5 would
produce asymmetry if they are signfficant contributors to dust coverage.
Asymmetry is not obvious from the examination to date of the screws from
this side of the camera. Redistribution of dust (source 4 in Table 11-5) did
not appear to be a major factor. The lunar material on the side away from
the LM landing Site was therefore most probably the result of the initial
Surveyor landing although lunar transport cannot be totally disregarded.

II.5.3 Organic Contamination

One of the findings of the study was that the contribution of organic

contamination to the discoloration appeared insignificant compared to the

radiation and dust effects. Some evidence of minor organic contamination

on some surfaces was reported in the parallel science studies, as noted in

Reference I04, but this was not believed to have a significant bearing on the

overall assessment presented here. Samples are still being analyzed for

organic materials by science investigators, and results will be reported

separately when available.

It should be recognized that the organic contaminants, even if small

enough to be of no significance to the discoloration of the Surveyor III

camera, could be important to the design of optical instruments for future

spacecraft. Analysis of their presence and identification of their sources

may therefore be required.

Ii. 5.4 Radiation Damage

Radiation damage to the white paint was originally anticipated to be

a major factor in the discoloration of the surfaces of the Surveyor III

television camera. It was expected that the solar absorptance, and hence

the amount of discoloration, would bear a direct relationship to the degree

of solar exposure determined by the geometry of the Surveyor spacecraft

on the moon. However, the patterns expected were not evident during the

initial examination.
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As reported above, it was reasonably possible to isolate by

measurement and analysis the contributions of the lunar dust coverage from

the total reflectance from the painted surfaces. This made it possLble to

separately analyze the patterns of discoloration and damage attributable to

solar radiation only. As illustrated in Figure 11-4, it was then verified that

the discoloration in the paint attributable to radiation effects is indeed pro-

portional to the degree of solar exposure. The two locations on the lower

shroud of the camera, positions Z and 5 in Figure 11-4, correspond to areas

of near-maximum and near-minimum solar exposure, respectively.
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Figure 11-4. Effect of Radiation on Spectral Reflectance
of White Inorganic Painted Surfaces of Surveyor III
Camera (Contributions of Lunar Dust Removed

Analytically)
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12. FAILURE ANALYSIS

12. I INTRODUCTION

As noted in Section 2.6.2, the failure analysis task was established

to separately evaluate the significant anomalies identified in the course of

the test and evaluation program. The special attention given to these

anomalies was prompted partly by the desire to fully understand the con-

tributory factors of lunar exposure and partly by the normal interest concern-

ing any failures uncovered. The emphasis was also warranted by the fact

that some of these anomalies, as noted earlier, had also been observed

during actual mission operations. In retrospect, it is now evident that the

degree of emphasis may not have been justified since the effects of the lunar

exposure played a relatively minor role as causes of these anomalies. It

should, therefore, be recognized that the most significant results of the

program are contained in other sections of this report rather than in the

findings presented here.

A summary discussion of the failure analyses conducted on the pro-

gram is presented in this section; supplementary data on several of the more

detailed studies are given in AppendixK. Comprehensive reports on the

failure analyses conducted are available in the program files.

A closely monitored trouble and failure report (TFR) system analogous

to that originally employed on the Surveyor program was instituted for iden-

tification, documentation, and disposition of all these anomalies (see

Appendix A. 4). This disposition process entailed sequential decision points

in close coordination with the customer.

After identification and preliminary assessment of an anomaly, the

first decision was to determine whether a detailed failure analysis was

warranted. As a general policy, no additional effort was authorized I) when

the explanation was obvious, 2) when no significant data were expected to be

generated by additional tests or analyses, 3) when it was apparent that the

lunar environment did not play a significant role in causing the anomaly,

4) when the benefit to future programs from further investigation would be

negligible (e.g., when the part that failed was of obsolete design), or

....................... iy_ucn cases, anomaDJ Wll_I1 a comolna¢lOn ol tncb¢ rca_on_ app_lcu, in the

was closed with a documented explanation.
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TABLE 12-I. LIST OF ANOMALIES

ii)

12)

13)

14)

15)

16)

17)

"18)

19)

ZO)

Identification of Anomaly

I) Suspected cold weld of connector shell
to shroud

"2) Anomalous operation of filter wheel

potentiometer

3) Open shutter drive transistor

4) Burned out and shorted solenoid c0il

5) Evaporated vidicon photoconductor and

and torn grid 5 mesh

6) Mud-cracking of external painted
surfaces

*7) Discoloration of TV mirror

8) Dust on filter glass

9) Discoloration and curling of teflon skirt

i0) Cracked glass cases of 24 diodes and
3 resistors

Open diode

Excessive diode leakage current

Shorted tantalum capacitor

Open alloy transistor

Open metal film resistor

Shift in calibration of vidicon temperature
readout circuit

Excessive shutter breakaway current

Deformed teeth of azimuth ring gear

Broken safety wire on filter wheel

Detached back of azimuth potentiometer

Report
Section Reference

12.3 andK. 1

12.4 and K. 2

12.5 and K. 3

12.5 and K.3

6.4.4 and 6.5.2

10.7.3

Science report

Science report

12.6

12. 7 andK.4

12.7

12.7

1Z. 8

12.8

12.8

12.8

12.9

12.9

12.9

12.9

':"Related to reported Surveyor III mission anomalies.
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If additional information on the nature or cause of the anomaly

appeared desirable, a formal failure analysis process was instituted. This

failure analysis activity was scrutinized as it proceeded in light of its use-

fulness and applicability. Failure analysis tests and evaluation progressed

until such time that either a satisfactory explanation was obtained or a com-

plete assessment of the effect of the lunar environment was fully understood,

or further effort appeared futile- whichever occurred first.

The failure analysis effort entailed thorough evaluation of the evidence

uncovered, review of pertinent past design and test data, and conduct of

appropriate functional and diagnostic tests. In some cases, detailed records

available from Surveyor mission operations were also consulted. Supple-

mentary tests on similar parts and a review of literature were also conducted

when necessary.

Some 33 TFRs were written in all, in addition to some minor dis-

crepancies uncovered in the course of routine testing discussed in the pre-

ceding section (e.g., bent connector pin) for which TFRs did not seem

necessary. In retrospect, it appears rather surprising that the total num-

ber was so low. Two of these TFRs proved inappropriate--no failures had,

in fact, occurred. The remaining 31 TFRs represented 20 anomalies.

Table 12-1 presents the list of the 20 anomalies examined. Many of

these have been referred to in preceding sections of the report, as their

existence became apparent in the course of the program. The evaporated

vidicon photoconductor and the torn grid 5 mesh have been exhaustively

treated in Section 6 rather than here because of their intrinsic relationship

to the vidicontest program. Similarly, the mud-cracking of external

surfaces was discussed in Section 10 as part of the materials task. Dis-

coloration of the TV mirror, described in Sections 3.4.5 and 9.4.3, and

dust on the filter glass were, by customer direction, relegated to subsequent

science investigations although they were also considered to a degree in the

surface contamination studies, presented in Section ll. The remaining i6

anomalies are treated in this section. Five of these-suspected connector

cold weld, anomalous operation of the filter wheel potentiometer, cracked

glass envelopes, and damaged solenoid and burned out shutter drive tran-

sistor-are discussed in more detailed in AppendixK. The solenoid coil and

shutter drive transistor are related failures and hence are treated jointly.

Each of the above anomalies is briefly assessed in the succeeding sub-

sections, with considerable additional detail available in program files. Each

anomaly is briefly described, its effect on the camera operation noted, the tests

and analysis conducted are summarized, and conclusions are stated as to its

cause. The degree to which the lunar environment contributed to the anomaly is

emphasized, as well as its possible significance to future applications.

'Fourteen TFRs were written for cracked glass envelopes of 29 con_ponents

(3 resistors and 26 diodes). Two diodes, one open, and one with a high

leakage current, were treated as separate anomalies. The remaining 27

cracked envelopes were then grouped as a single anomaly after it was
determined that the same mechanism of failure was involved for all.
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TABLE 1Z-Z. FAILURE ANALYSIS SUMMARY MATRIX

Identification of Anomaly

1) Connector cold weld

Z) Filter wheel potentiometer

3) Shutter transistor

4) Shutter solenoid

5) Vidicon photoconductor and

grid 5 mesh

6) Mud-cracking

7) Discoloration on TV mirror

8) Dust on filter glass

9) Teflon skirt

10) Cracked glass cases

ll) Open diodes

12) Excessive diode leakage current

13} Shorted tantalum capacitor

14) Open alloy transistor

15) Open metal film resistor

16) Vidicon temperature calibration

17) Shutter breakaway current

18) Deformed gear teeth

19) Broken safety wire

20} Detached hack of potentiometer

Primary

0

0

0

S(3)

Cause S

Secondary

O

O

Contributory

S(4)

0

L

L

L

L

0

0

L

L

L

L

0

0

0

0

L

A

A

A

0

0

Significance**

To Surveyor
TV Camera

+

0

++

++

++

+

0

+

0

0

L 0

+

L(? ) ++

0

L

+

+

0

0 +

0 0

L

L

L

L

To Future

Application

+

++

+

+

+

+

0

+

0

0

0

0

0

0

0

L : effect of lunar environment

A : effect of Apollo lunar module and/or Surveyor landing

0 = other causes, such as manufacturing defect, prior stress in test or assembly,

operational or procedure error, prior or subsequent handling, etc.

S = result of secondary failure; in this case, the related anomaly in the table is

referenced in parenthesis, and the "Significance" column is left blank.

0 = none or negligible

+ = minor

++ = major
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As noted in Table 12-1, three of these anomalies corresponded to

the three Surveyor mission anomalies (discussed in Section 2.4.2). Their

existence was confirmed and their explanation became apparent in the

course of the program.

The discoloration and contamination of the external surfaces of the

camera, which might also have been termed an anomaly, were exhaustively
treated in Section ii and therefore excluded from the list of anomalies

treated in this section.

12. 2 GENERAL ASSESSMENT OF ANOMALIES

A summary assessment of the 20 anomalies discussed in more

detail in succeeding sections is presented in Table 12-2. Causes of the

anomalies and their relative significance to the integrity and functioning of

the TV camera itself and to potential future applications are presented in

accordance with the described code. Both the primary and the secondary

causes are indicated, as well as contributory causes, i.e., in some cases

factors were present which contributed either to the primary cause or to the

secondary cause or both.

For this general assessment,*anomaly causes were grouped into

four general categories, as shown in Table 12-2. The lunar environment

was, generally, either a primary cause or a contributory factor. Landing

of the lunar module, which contributed a blast of lunar particles, was con-

sidered a secondary cause for the three surface effects noted. Similar

contributions of the original Surveyor landing were arbitrarily included in

the lunar environment category. Category O was used to group together all
other causes not related to the lunar environment. The two failures which

were strictly in the nature of a secondary effect were noted separately.

Thus, the solenoid failure was basically caused by the fact that the shutter

drive transistor had failed, and failure of the vidicon photoconductor and

grid 5 was incurred because the shutter was open for a proloned time. The

lunar environment contributed by virtue of solar thermal radiation input to

the faceplate.

The significance of these anomalies to the integrity and operability

of the TV camera was virtually nil or negligible, with the exception of the

four cases indicated in Table 12-2. The failed shutter drive transistor,

which resulted in vidicon failure, resulted in total inoperability of the

camera. Similarly, any of the three component failures uncovered (items 13,

14, and 15 in the table) would individually have resulted in total loss of
video information.

"The assessment of failures presented here reflects the technical judgment

of the authors, it is recognized _-_ for any _,_,11_ _,_11_ _nl_o_nn

the relative significance of some of the findings could be assessed differently.
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Of perhaps more significance is the potential impact of the observed
anomalies on future space applications. Here it is difficult to find an
instance of major significance with the possible exception of the implication
of the observed discoloration of the TV mirror. Such a degradation of

optical surfaces, or contamination by lunar dust, could be important for
future applications.

The other effects were considered of minor importance when the

causes of the failures were understood. The suspect cold weld spot on the

connector was, to a large extent, attributable to installation techniques or
errors. Occurrence of cold welding was generally conspicuous by its

absence. Mud-cracking or teflon degradation were relatively minor effects
which would have had a small impact on performance but should be con-

sidered in future designs.

The failure of the filter wheelpotentiometer, discussed in
Section 12.4, was found to have been caused by a prior defect, coupled with

faulty installation and procedure.

The conformal coating problems, discussed in Section 12.7,
associated with items 10, 11, and 12 (Table 12-2) can be and are being

avoided in present and future designs by the use of improved coatings with
a better thermal match to the materials to which they are applied. It is

noteworthy that the cracks in the glass envelopes did not per se cause any
component failures. The only two component anomalies noted here (items 11
and 12) were basically attributable to other causes, as discussed later; and
the cracking of the glass merely aggravated the condition.

The tantalum capacitor failure represented a significant effect of
the lunar environment which had, indeed, been anticipated. Surveyor III

was launched with these components recognized as suspect. It was, in fact,
somewhat surprising that only one of the 76 tantalum capacitors in the
camera failed under cryogenic conditions. ;'" Improved capacitors are or
will undoubtedly be used in the future. The alloy transistor and metal film
resistor which failed are of obsolete design. Again, it was somewhat of a

surprise that so few had failed.

Failure of the shutter drive transistor (and the associated secondary
failures of the solenoid and vidicon) was attributable primarily to a prior
condition, coupled with inadvertent operational procedures performed with-
out the knowledge of this failure. Exposure to the lunar night environment

may have contributed to this failure although this cannot be proven. The
implication for future programs here is primarily one of reliability, entail-
ing care in component selection and prelaunch testing.

"The Surveyor spacecraft, as mentioned earlier, was basically not required

to survive the lunar night.
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The remaining anomalies were minor and were attributable to

factors other than the lunar environment, and thus have no significance for

future applications.

As evident from the above discussion and Table 12-2, the effect of

the lunar environment was significant only inafewof the 20 anomalies although

it was a contributing factor to many others. Of much more importance is

that very few of the 20 anomalies can be characterized both as being caused

by the lunar environment and being of major significance. In fact, only the

discoloration of the TV mirror falls in this category, with, perhaps mud-

cracking, degradation of the teflon skirt, dust on the filter glass, non-

destructive cracking of glass cases by conformal coating, and the failed

tantalum capacitor deserving honorable mention. In the light of these find-

ings, the surface contamination studies (discussed in Section l l) appear in

retrospect to represent the most significant effect of the limar environment

identified in this program insofar as direct impact of the findings on future

space programs is concerned.

I 12.3

!

!

!

!

SUSPECTED COLD WELD OF CONNECTOR J2 SHELL TO SHROUD

During the removal at Houston of the connectors from the lower

shroud, a great deal of difficulty was encountered with the right (facing the

camera) connector J2, as noted in Section 3.2.3. This connector was

finally forced out by twisting and applying considerable force by hand, and

a loud popping or breaking sound was heard in the process.

Visual inspection of the connector and microscopic examination
indicated surface deformation in a small area at the base of the external

thread of the connector, which had made contact to the inner edge of the hole

in the shroud. A small blob of metal was clearly visible in the connector

thread area. Because of the possibility that cold welding had occurred and

because of the importance of cold welding to spacecraft design in general,

it was decided to conduct a failure analysis of this anomaly.

The J2 connector is shown in Figure 12-I. The region of contact

with the shroud can be seen on the external thread. A segment of the shroud,

where the contact was made and which was cut out for analysis, is shown in

Figure 12-2.

Details of the test conducted and of the results obtained, together

with a number of SEM and microprobe photographs, are given in Appendix

I K.I. The analysis included visual and microscopic (SEM) examination,
electron microprobe studies, and an attempt to perform a metallographic

cross section of the suspect area.

I

I

Two distinct mechanisms of failure were postulated; the analysis
"-_^-_-_ _^* _" .... _'" _" ...... "_ One wa= mechanical-@-as _=_=_ to had o ..... e_. _ a

wedging (galling) of the connector into the shroud; the second was cold

I
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Figure 12-1. J2 Connector Showing Area of Suspected Cold Weld 
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Figure 12-2. Segment of Shroud in Contact With Connector J2 
(3X Magnification) (Photo 00545-203) 

welding. 
was loose ,  suggesting tha t  a considerable  amount of motion with assoc ia ted  
ab ras ion  of the  protect ive coating m a y  have  o c c u r r e d  during launch and 
possibly during operat ion of the c a m e r a  on the moon; fo rces  w e r e  i m p a r t e d  
to  the  to t a l  c a m e r a  and its cabling a s  the m i r r o r  a s sembly  was rotated.  
This m a d e  it poss ib le  t o  postulate cold welding as a mechan i sm of fa i lure  
s ince  the  thin i r i d i t e  coating ( l e s s  than 0. 1 mil) or iginal ly  applied ove r  the  
connec tor  could eas i ly  have worn off o r  been scuffed off during r epea ted  
inser t ion .  The  b a r e  aluminum su r faces  would be m o r e  suscept ible  to  cold 
welding . 

It was obse rved  at the time of dismantl ing tha t  t he  connec tor  nut 

Visual  examinat ion indicated the p r e s e n c e  of a blob of m e t a l  in  the  
ex te rna l  t h r e a d  a r e a  of the connector  where  contact occur red .  Chemica l  
m i c r o p r o b e  ana lys i s  showed that t h i s  blob c a m e  f r o m  the connec tor  
a luminum r a t h e r  than f r o m  the shroud aluminum. ‘I’ This tended to  indicate  
tha t  cold welding and wedging was involved; wedging of the two su r faces  
would be expected t o  r e su l t  in  a subs tan t ia l  t r a n s f e r  of m e t a l  f r o m  the  
sh roud  to  the  connector .  

.b 

Subsequent mic roprobe  examinat ion of the  surrounding a r e a  of t he  
connector  su r face  adjacent t o  the  blob and of the  shroud edge in  contact 
showed evidence of s o m e  m e t a l  t r a n s f e r .  
would be consis tent  with the possibi l i ty  of cold welding at  tha t  point. 

This  type of m e t a l  t r a n s f e r  

.I, 1. 

The connector  she l l  was made of 2017 a luminum,  while the  shroud was 
m a d e  of 6061. Difference in the  copper ,  manganese ,  and ch romium 
contents was used  to de te rmine  th i s  ( a s  d i s c u s s e d  in Appendix K.  1 ) .  
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Microscopic (SEM) pictures of the edge of the shroud which had been in
direct contact with that region of the connector shell also showed evidence
of cold welding, as described in Appendix K. I.

However, attempts to perform a metallographic cross section of the
suspect area, which might have conclusively shown the evidence of cold
welding, were unsuccessful. The area of interest was polished through in
the process of preparing the surface before the examination was made.

Based on the above evidence, it was concluded that a strong
probability existed that some cold welding had taken place. If so, this
would be the only instance of cold welding noted on the returned camera.
This occurrence was, however, not a primary effect; it was made possible
by a somewhat deficient installation and could therefore be considered as a
secondary failure if it had indeed occurred. Looseness of the connector
nut allowed for movement and abrasion of the coating. On the other hand,
the failure analysis, albeit inconclusive, suggested that the simple wedging
or galling postulate was not compatible with the evidence.

12.4 ANALYSIS OF FAILED FILTER WHEEL POTENTIOMETER

Analysis of the filter wheel potentiometer was triggered by the
mission anomaly discussed in Section 2.4.2. The potentiometer, which
was driven by the filter wheel mechanism to indicate via telemetry the
position of the filters, ceased to operate halfway through the Surveyor III
lunar day mission operations. Accordingly, the potentiometer was excluded
from routine testing and set aside for special investigation which is
reported below with supporting data in Appendix K. 2.

12.4. 1 Potentiometer Description

The filter wheel potentiometer (Figure 12-3) was one of six similar

potentiometers used on the TV camera. It was a three-turn, precision

wire-wound device, having an end-to-end resistance of 5000 ohms

±3 percent. It was manufactured by Duncan Electronics and reprocessed at

Hughes. Tests of several of the other potentiometers were discussed in

Section 8.2; the focal length potentiometer wear analysis was presented in

Section I0.6.3 and indicated the absence of the specified niobium diselenide
lubricant.

The potentiometer consisted of a helical wire spiral enclosing a

wiper block and shaft assembly (Figure 12-4). A guide made of DAP/

plastic _:_protruding from the assembly fitted inside the turns of the winding.

In its operation, the helical winding was stationary and the rotation of the

filter wheel turned the shaft of the block assembly, forcing the guide block

Molded diallyl phthalate glass fiber reinforced.
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Figure 12-4. Wiper Block and Shaft Assembly of Potentiometer 

to s l ide  ins ide  the  he l i ca l  winding. 
a s s e m b l y ,  was pul led longitudinally with the  block along the  slot in  the  shaft  
by the  resu l t ing  longitudinal d i sp lacement  of t he  guide a s  it t r a n s v e r s e d  
within the  helix; t he  wiper  thus  m a d e  a continuous coriiaci wiil i  ihe helix 
and gene ra t ed  an a c c u r a t e  indication of the  angular  d i sp lacement  of t h e  
f i l t e r  wheel.  
white disk at the  r igh t  edge of a gray  block. 

The wiper ,  which ro t a t ed  with th i s  

A protec t ive  nylon sk i r t  can be s e e n  in  F i g u r e  12-4 .as  a 

1 2 - 1 1  



12.4.  2 P r e l i m i n a r y  Examinat ion 

The  poten t iometer  was subjected to  an  in i t ia l  v i sua l  and X - r a y  
examinat ion and t o  e l ec t r i ca l  p e r f o r m a n c e  evaluation. 
was ver i f ied in tha t  the  poten t iometer  functioned nominal ly  fo r  one full  
t u rn ;  a f t e r  one revolution, the  reading re turned  to  the  or ig ina l  value r a t h e r  
than continuing to i n c r e a s e ,  t he reby  confirming the  lunar  anomaly.  
o ther  r e spec t s ,  the  appea rance  and pe r fo rmance  of t he  poten t iometer  w e r e  
no rma l .  There  was no evidence of any obstruct ion of mechan ica l  seizing 
of w i r e s ,  o r  of loose gea r s .  No excess ive  wear  was observed .  The v isua l  
examinat ion also did not r evea l  any s igns of cold welding. 

The  m i s s i o n  anomaly  

In a l l  

12.4.  3 Examination of D i sas sembled  Po ten t iome te r  

The potent iometer  was then d i sa s sembled  by removing the  wiper  
It was noted tha t  the guide had broken off the block and shaft a s sembly .  

block a s sembly  and tha t  it had c racked  into two p ieces .  
two p ieces  had physical ly  s e p a r a t e d  f r o m  the  helix. 
appearance  of this  broken  and c racked  guide a f te r  the  two p ieces  w e r e  fi t ted 
toge ther  for the photograph. 

F u r t h e r m o r e ,  t hese  
F i g u r e  12-5 shows the  

This  finding immedia t e ly  explained the  na tu re  of the anomaly: 

The  c a u s e  of th i s  fa i lure  r ema ined  to  be de t e rmined .  

the  
failed guide no longer  provided the  posit ive longitudinal motion r e q u i r e d  to  
pull  the  wiper.  

F u r t h e r  examinat ion revea led  tha t  the  edge of the  D A P  guide which 

Significant damage  in  the  na tu re  of a b r a s i o n  
had been in contact with the  he l ica l  wi re  showed evidence of significant 
edge ab ras ion  ( F i g u r e  12-5).  
and tear ing  was a l so  noted on the  nylon s k i r t .  

Figure 12-5. Cracked and Broken Off Guide Block of Filter Wheel 
Potentiometer (30X Magnification) (Photo 00545-206) 
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12.4.4 Summary of Failure Analysis Tests

It was decided to conduct a more detailed analysis of the failed guide,

damaged nylon skirt, and wiper block and shaft assembly to determine the

cause of this anomaly partly because of the possibility that exposure to the

lunar environment may have significantly contributed to this failure. It was

recognized that two distinct processes had to occur to explain this failure:

breaking off of the guide from the block and its cracking, as well as physical

removal of the guide from the helix.

A good wiper block and shaft assembly was inserted into the winding

of the filter wheel potentiometer to determine whether the damage could

have been caused by jamming due to contamination in the grooves of the

helix or any other obvious causes. It was found that this new assembly

worked normally: the travel was smooth and unimpaired.

A diagnostic failure analysis was then conducted, including an SEM

evaluation of failed surfaces, electron microprobe analysis for evidence of

cold welding, emission spectroscopy for presence of lubricants, and other

studies. Parallel tests were also conducted on another "good" potentiom-

eter (the Surveyor III TV camera focal lengthpotentiometer) used as control

and on samples of the DAP plastic obtained from the manufacturer. Some of

these tests are discussed in more detail in Appendix K. 2; a summary of the

findings is given below.

The DAP guide was first forcibly removed from the good focal length

potentiometer to determine the force required and obtain the broken surfaces

for comparison studies. A similar test was also conducted on a good

sample of the DAP material. Results indicated that the force required to

break the focal length potentiometer guide was much smaller than that

required to break the standard DAP sample, suggesting that the DAP mate-

rial used on the Surveyor potentiometers was of defective quality. The

force required to break the focal length potentiometer guide, however, was

still about 50 percent higher than the maximum force calculated to exist in

the normal operation of the potentiometer, suggesting that additional factors
were involved.

Visual examination of the guides and blocks from the Surveyor III

potentiometers revealed that small cracks were present, further suggest-

ing a generally poor design or prior minor cracking resulting from pre-

launch operations and handling. In particular, both blocks evidenced

fracture regions behind the wiper, presumably caused by the original

process of wedging the wiper into the block.

An SEM examination of the surfaces of both blocks in the area under

the severed guide indicated that the texture of the filter wheel block appeared

faulty compared with the focal length potentiometer block. Additional SEM

photographs were taken of the regions of the blocks which had a normal

appearance and of samples of the DAP material obtained from the manu-

facturer. Comparison of these revealed a definite deficiency of the DAP

12-13



material used for the filter wheel potentiometer. The material was poorly
loaded with glass fibers. The fiber lengths and concentrations did not
correspond to those expected and seen on the samples of properly manu-
factured, stronger DAP compounds.

]Examination of the abraded edge of the guide and of the nylon skirt
reveal definite signs of wear and damage. Damage to the nylon skirt
appeared to be associated with prior rubbing and tearing. Abrasion of the
guide indicated signfficant wear and contact with the wires of the helix.

]Electron microprobe analysis and emission spectroscopy, which
were conducted on the wires and on the wipers, confirmed the absence of
the niobium diselenide lubricant. The microprobe analysis also failed to
reveal any significant amount of metal transfer, indicating that no significant
cold welding had taken place.

12.4.5 Postulated Cause of Failure

Based on the above evidence, it was concluded that the DAP material

used in the filter wheel potentiometer, and most likely in the other

Surveyor HI potentiometers, was defective. Furthermore, the cracks which

eventually led to the breaking of the guide in two places probably existed

before launch as a result of handling and prior operation of this defective

component. By itself, this may not have caused the failure. However, it

also appeared that a somewhat faulty installation resulted in a contact of

the misaligned assembly with the nylon skirt during operation. Eventual

binding into the nylon skirt, coupled with the associated rubbing of the

guide against the helical wires, generated a sufficiently high force to break

the defective guide off the block and to pull it out of the helix. This process

was aided by the failure to properly lubricate the potentiometer. _''_

The failure of the filter wheel potentiometer was thus determined to

have been caused by an original error or defect in manufacture, coupled

with a mechanical misalignment in assembly. Absence of lubrication may

have accelerated the failure. Effects of lunar exposure did not appear to

contribute significantly.

12. 5 OPEN SHUTTER ANOMALY AND RELATED FAILURES

12.5. i Description of Failures and Their Interrelations

This subsection summarizes the comprehensive analysis conducted

on the open shutter and three associated failures, listed as items 3, 4, and

5 in Table 12-I: the open shutter drive circuit transistor, the shorted

shutter solenoid coil, and the evaporated photoconductor and torn grid 5 of

the vidicon.

This was discussed in Section i0.6.3.
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These failures were pursued in great detail partly because they

were catastrophic to the television camera but mainly because it was

judged necessary to obtain a complete understanding of the underlying

causes to ensure that no major effects of the lunar environment were over-

looked. The extensive discussion presented below reflects the scope of

this investigation although it was later determined that the effects of lunar

exposure played a relatively minor role in causing these failures.

It was definitely established that these failures were interrelated.

Existence of a conductive path between the emitter and the collector of the

shutter drive transistor Q5#" coupled with the application of a voltage to

the solenoid drive circuit, caused a current flow through the solenoid coil.

This is illustrated in the simplified schematic of the shutter drive circuits

(Figure 12-6) and constituted the initial anomaly which triggered the sub-

sequent chain of events.

The shutter contains two solenoids, A and B, each comprised of

two bifilar windings. The four coils, designated Al, A2, BI, and B2,

are driven from a common voltage source marked as point V in Figure 12-6.

Each coil is individually triggered by actuation of a similar series

_:-_Thisconductive path, as discussed later, was a failure rather than the

result of turning the transistor on, either inadvertently or by command.

MAIN BATTERY (22v) OR
SOLAR PANEL POWER

i

CU Q5
22 vdc

(WHEN
POWERED)

J I

B2 A1

SHUTTER
COILS

B1

CBl CB2 CA2

_ ("TV-ON" COMMAND)

o
o
Ln

o

DAMAGED COIL A 2 (SHORTED)
A2

(EXPERIENCED AT LEAST 1 amp FOR OVER 10 sec)

I .JBU RNED-OUT-COIL SERIES TRANSISTOR Q5

( / (SHORTED B-C JUNCTION; OPEN E-JUNCTION)

( .// NORMALSHOTTERL/
R 200msPULSE r/

( _ i t _#RO MODES

_1 f_l" / OPENING

k_r'b/ I I I / SHUTTER
F'_= I I TIME EXPOSURE I_../

, o,.,PULSErJ

Figure 12-6.Simplified Schematic of Shutter Coils and Drive Circuits
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transistor, designated Q5 in the circuit of the failed coil A2. Normally Q5
is activated by sending one of the two commands indicated.

In normal shutter mode, the activating 2.00 ms pulse turns on the

transistor Q5, which closes the ground return for and causes the current

to flow through winding AZ of coil A. This causes bladeAto move, opening

the shutter. Following this pulse, 150 ms later, coil B2 is activated,

causing blade B to move to close the shutter. A subsequent automatic

sequence activates coils A1 and Bl, restoring the shutter blades to their

original positions.

In the time exposure mode, a 150 ms pulse is generated which

activates coil AZ, opening the shutter. The shutter remains open until a

TIME EXPOSURE Off command followed by a START FRAME command is

sent to initiate the normal shutter sequence of events, resulting in the

movement of blade B and subsequent return of both blades to their original

positions.

It became immediately obvious from the preliminary analysis that

all subsequent failures occurred because the current flow through coil AZ

was of unduly long duration either because the activating pulses had

persisted too long, maintaining transistor Q5 in the ON state, or because
its conductive emitter-to-collector path was permanently maintained as a

result of an internal failure. As discussed later, the former possibility

was subsequently discounted. As a result of this long-duration current

through coil A2, two effects occurred, causing the remaining interrelated

failures to occur. This is illustrated in the logic block diagram of

Figure 12-7.

The two effects were opening of the shutter (event 3 in Figure 12-7)

and eventual burning of the insulation of coil A2 and shorting of its windings

(event 4). Anecessary condition for these events, as evident from

Figure 12-6, was, in addition to the collector-emitter short of transistor

Q5, the continuing presence of the applied voltage at point V in Figure 12-6.

Damage to coil A2, as discussed in Section 5.5, resulted in reduction of its

winding resistance from an original value of 33 ohms to the final measured

value of 0.2 ohm. This caused an increase in current throughQ5, which,

in turn, eventually burned out the emitter lead of the Q5 transistor, leaving

it in the open condition found (event 5 in Figure 12-7). Thus, the Q5

transistor initially shorted and later opened (failures 1 and 3 in

Figure 12-7).

The open shutter remained in that position from then on in the

absence of any corrective signals. It should be noted that this opening of

the shutter presumably occurred after the first lunar day of the normal

operation of the Surveyor III camera. The vidicon failure, as discussed in

Section 6, took place later; it was a secondary consequence of the opened

shutter through which solar radiant heat input was transmitted to the vidicon

faceplate over a prolonged period. The resulting elevated temperatures of
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Figure 12-7. Logic Block Diagram Showing Relationship and Sequence of Failures of Shutter Drive Transistor,
Shutter Coil, and Vidicon Photoconductor and Grid
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the faceplate caused the photoconductor to evaporate (event 6, Figure 12-7).

Subsequent deposition of sulfur and selenium from the photoconductor onto

its grid 5 caused a physical/chemical change and a weakening of the copper

mesh (event 7, Figure 12-7). The grid eventually shattered-- either on the

moon or during subsequent handling.

This summary represents a complex sequence of events. Fortunately,

sufficient data were available so that with a considerable test and analysis

effort and some aid from available past records a reasonably comprehensive

picture was reconstructed and a plausible explanation generated of the

postulated causes and mechanisms of these failures.

As evident from the above discussion, the key to the explanation of

this sequence of events and failures was the nature of the cause of the

original conductive path between the emitter and the collector of transistor
Q5 and the cause of the presence of line voltage at point V in Figure 12-6.

The bulk of the discussion in this section, supplemented by the discussion

in AppendixK.3, is devoted to these two events (events IA and IB in

Figure 12-7). Discussion of the nature of the associated failures--the

shorted solenoid coil and the open emitter lead of transistor Q5 is also

presented in this section as part of this analysis. The vidicon photocon-

ductor and grid 5 failures are exhaustively discussed in Section 6 and

Appendix G, where the mechanisms of these failures are fully described

and verified.

12.5.2 Failure Analysis Plan

The failure of the shutter drive transistor would by itself have

resulted in a total loss of video information even if the photoconductor had

not evaporated from the vidicon faceplate since the shutter could not be

operated. However, the main reason for conducting this comprehensive

failure analysis was to determine whether any significant effects of the

lunar exposure were involved of potential importance to future programs.

It became evident at the conclusion of this investigation that no such major

effects occurred. _:_The only significant effect of the lunar environment, if

any, may have been a contributory one: the Q5 transistor, possibly
defective for reasons traceable to its manufacture or prelaunch tests, may

have been further degraded by exposure to thermal cycling through the

lunar night. It subsequently failed as a result of a voltage breakdown, as

discussed below.

The analysis included a complete failure analysis of transistor Q5

and of the shortedsolenoidwinding, together with a review of past test data

and of the signals transmitted to the Surveyor spacecraft at the end of the

first lunar day and thereafter. Assessment of the evidence collected and

Had this been known a priori,
not have been warranted.

some of the extensive work conducted might
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review of design features of the television, power, communication, and

command subsystems of the Surveyor III spacecraft, led to the development

of a failure logic tree and study of the many possible modes of failure. This

analysis stressed the occurrences of the two original events, noted as

events IA and IB in Figure 12-7, which would explain the subsequent

occurrences.

The analysis led to the final postulate of the causes, mechanisms,

and sequences of these failures, primarily by a process of elimination and
inference.

The failure analysis of transistor Q5 and of the solenoid coil, including

a review of past data, is presented next, with supporting discussion in

Appendices IC. 3. 1 and K.3.2. Logical development of the postulated

explanations then follows, with supporting data in Appendices 14.3.3 and
K. 3.4.

12.5.3 Analysis of Failed Shutter Drive Transistor

The failed shutter circuit drive transistor was an NPN silicon

power transistor, manufactured by Fairchild, similar to type 2N3891.

transistor was mounted on a TO-5 case.

The

A comprehensive analysis of the failed transistor was conducted.

The tests and findings are presented in Appendix K. 3. I, and additional

details are available in separate analysis reports in the program files.

Past records were also examined for supporting evidence of postulated

prior stress,

Review of past history of this transistor revealed two significant

facts bearing directly on its failure. The original test data for this

transistor indicated that its collector-to-base breakdown voltage was some-

what lower than that of the three similar transistors in the drive circuits of

three other solenoid coils. This breakdown voltage, while within specifica-

tion, had been measured as only i16 volts, compared to the 170 to 180 volt

range for the three other transistors. No data were available for the

collector-to-emitter breakdown voltage more directly involved in this

analysis, rated as 80 volts minimum; but the above findings sufficed to

establish a degree of susceptibility of the construction of the transistor to

partial overstress. The second finding was that this particular transistor

had been Stressed in prelaunch tests, as was indicated in Section 2.4. l and
discussed below.

During the prelaunch test of a similar Surveyor TV camera, a test

equipment problem occurred which caused an overstress of the shutter

drive transistor in that camera and damage to the insulation of the winding

of its shutter solenoid. This malfunction was traced to an improper termina-

tion of a coaxial cable which caused shorting of the vertical blanking pulse

and disabling of the video logic circuit. When a START FRAME command

12,19
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Figure 12-8. Failed Shutter Solenoid Drive Transistor (Q5) Showing Open Emitter Lead (IOX 
Magnification) (Photo 00545-209) 
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was subsequently sent to operate the shutter, a noise spike was generated

to trigger the video logic multivibrator, which, in turn activated the shutter

solenoid drive circuits. In the absence of an OFF pulse due to the cable

short, the current through this drive circuit, identical to the circuit of the

Surveyor III TV camera, existed for an unknown length of time. This was
later found to have caused the overstress of the Q5 transistor and the

chaffing of the insulation of the coil in a manner virtually identical with

that found here.

This problem was not identified until after the Surveyor III camera

had been subjected to prelaunchtests at the same test position approximately

1 month after the original failure. It is, therefore, possible that the

Surveyor IIItransistor had been subjected to an unknown degree of stress.

This fact was not unrecognized before the launch of Surveyor III. As

mentioned in Section ?.4. i, the camera subsystem and particularly its

shutter drive circuit were subjected to special tests to validate proper

operation. Launching of the camera with this lien, subsequently validated

by its successful operation throughout the entire lunar day, was a calculated

risk. This risk was determined to be acceptable, based on proper func-

tioning of the camera in test, and was taken by weighing the undesirable

alternatives of major reassembly and retests of the camera and the entire

spacecraft against the available evidence.

The failure analysis conducted on the Surveyor III Q5 transistor

revealed that the emitter lead was open as a result of excessive collector-

emitter current flow. This open emitter lead is clearly seen in Figure 12-8

which shows the overall view of the transistor. More detailed photographs

are shown in Appendix K. 2. i.

Further investigation into the mechanism of failure associated with

the excessive current flow to determine the original cause of this occurrence

(prior to the final opening of the emitter) revealed that the basic mechanism

was a voltage breakdown from the collector to emitter. An overcurrent

failure would have resulted in a more uniform melting of the aluminum

metallization than was observed. An excessive junction current would also

have produced some evidence of rediffusion; none were uncovered. On the

other hand, microsectioning of the junction indicated a voltage punch-

through mechanism of failure.

The conclusion of the failure analysis was that a voltage spike of

sufficient magnitude had been generated which caused the emitter-to-

collector breakdown of this transistor and that, with a nominal voltage

applied to the transistor drive circuit, this puncture resulted in an
excessive collector-to-emitter current which eventually burned out the

emitter lead. Possible prior stress of the transistor, and the fact that it

had a somewhat lower original breakdown voltage rating, may have con-

tributed to this occurrence. As a further possibility, not confirmed by

laboratory analysis, the thermal cycling through the lunar night of this

suspect transistor may have further aggravated its condition if the

postulated occurrence of the circuit voltage and of the voltage breakdown

spike did, indeed, take place after the first [unar night. This postulate
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of the t i m e  of o c c u r r e n c e  of this  fa i lure  i s  compat ible  with o ther  evidence, 
a s  d i scussed  below. 

12. 5 .4  Analysis of Fa i led  Solenoid Coil 

The failed shut te r  solenoid coil was  on one of i t s  bif i lar  solenoids. 
A br ief  descr ipt ion of this subassembly  was  given in  Section 5. 5. 
shows the appea rance  of the subassembly  with evidence of the burned insu la-  
tion c l ea r ly  visible.  

F igu re  12-9 

The complete  f a i lu re  analysis ,  entail ing v isua l  examination, e l e c t r i c a l  
t e s t s ,  X - r a y  ana lys i s ,  and dissection was conducted; r e s u l t s  a r e  p r e s e n t e d  
in Appendix K. 3 .  2. 

The evidence of fa i lure  was that the insulation was  burned on one of 
One of the coi ls  

The  o ther  coil, c o r r e -  

the windings and both coi ls  of the windings w e r e  damaged. 
had  a r e s i s t ance  of 24 ohms ,  compared  to the or ig ina l  value of 3 3  ohms,  
showing some  degradation due to shorted windings. 
sponding to coi l  A2 in F i g u r e  12-6, was vir tual ly  completely shorted.  It 
m e a s u r e d  0 . 2  ohm, compared  to 3 3  ohms nominal.  

Analysis indicated that the fai lure  was  undoubtedly caused  by e x c e s -  
s ive  heating resul t ing f r o m  e i ther  a n  excess ive ly  high c u r r e n t  o r  f r o m  a 
c u r r e n t  of unduly long duration. 
only about 2 watts. In i t s  n o r m a l  operation, the  co i l  d i s s ipa t e s  approxi-  
m a t e l y  14 wat ts  for  the v e r y  sho r t  t imes of the 150 o r  200 ms driving pulses .  

It should be noted that the coi l  i s  r a t ed  a t  

Figure 12-9. Damaged Shutter Solenoid Coil (Photo 70-4885) 
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It was apparent that prolonged maintenance of the ZZ volt line voltage

normally applied during the pulse duration would easily account for the
observed mode of failure.

IZ. 5.5 Assessment of Evidence and Initial Causes of Failure

Results of the preliminary assessment of the shutter drive circuit

in Figure IZ-6 and of the failure analysis of the Q5 transistor and solenoid

coil focused attention on the next, more difficult, task of explaining the two

primary independent events (events iA and IB in Figure 12-7): the original

occurrence of the voltage breakdown between the collector and the emitter

of the transistor, and the existence of line voltage at point V in Figure 12-6.

Both of these had to occur to cause the subsequent problems.

Cause of Short of Transistor Q5

The evidence relating to the cause of the collector-emitter short was

somewhat more complex, but the explanation did not admit of as many

possibilities as those attributable to the second problem, that of the presence

of the line voltage. This evidence can be summarized as follows:

i) Transistor Q5 had a lower breakdown rating than the three
other shutter coil drive transistors.

2) The transistor may have been overstressed in prelaunch tests.

3) The transistor operated normally throughout the entire first

lunar day.

4) Review of mission operations verified proper shutdown of the

shutter drive circuits, as well as other circuits, at the end

of the first lunar day.

5) No commands were transmitted during the first lunar night.

6) The transistor may have degraded as a result of thermal cycling

through the lunar night (this was not verified by diagnostic

analysis).

7) The transistor primary failure mode was found to have been a

catastrophic voltage breakdown between the collector and the

emitter.

8) No evidence was found of any commands sent after the first

lunar day to turn the shutter circuits on.

9} A variety of other commands vas sent to the spacecraft on the

second lunar day and even later in the attempt to revive it.
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Item 1 helps to explain why the other three coil transistors did not

fail at the time that a presumed voltage may have caused the breakdown of

the Q5 transistor. This evidence also confirms by inference a degree of

shortcoming of the Q5 transistor.

Item 2, and possibly item 6 in conjunction with item 3, suggests that

perhaps a further degree of degradation existed or occurred which contri-

buted to the eventual failure of this transistor. This, however, can only be

inferred.

Item 7 indicates that a voltage excitation occurred which damaged

the transistor. The value of the voltage required for this to occur cannot

be firmly assessed in view of the uncertain condition of this device, as

noted above. While it is doubtful that the nominal circuit voltage of up to 30,

or even 40, _ volts might have caused this failure, this possibility cannot be

totally discounted. In view of item 9 above and the resulting uncertainty of

the Surveyor Ill configuration after the lunar night, it is equally if not more

reasonable to postulate that a voltage spike of sufficiently high magnitude,

in excess of 40 volts or even above the nominal breakdown value of 80 volts,

occurred to precipitate this breakdown. It is possible that such a voltage

may also have been generated by electrostatic means. It should be noted

that the duration of such a high voltage spike need not be greater than a

fraction of a millisecond to cause this type of failure, as verified by unfortu-

nate experiences during the Surveyor test program.

Although item 8 indicates that in all probability no commanded

activation of the Q5 transistor occurred, a faulty triggering of the drive

circuits for a prolonged time period could not be discounted a priori in

view of item 9. Inadvertent prolonged activation of the drive circuit of

transistor Q5 would independently account for the burnout of the solenoid

coil even though the transistor could by its rating have withstood the full

0. 67 ampere for a very long period of time. This hypothesis, if valid,

would suggest an alternate sequence of events whereby the solenoid coil

failure would occur first. The resultant application of the full 2Z volts

(which would have had to be present) might then have contributed to the

thus hypothesized subsequent failure of the collector emitter junction, as
well as resulted in the burnout of the emitter lead. -':°_

A complete assessment of this alternate mode of failure was con-

ducted; results are summarized in AppendixK. 3.3. This mode of failure

was disproved by the absence of evidence of damage to other components
on the retrieved chassis.

_:"As discussed later, up to 40 volts might have been supplied by the solar

panel under optimum conditions through defective or degraded circuits.

• ;:_This type of collector-emitter failure mode was already shown to be

incompatible with evidence from failure analysis; however, for the sake of

completeness, it was not totally discounted.
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Cause of Presence of Voltage Across Shutter Coil Circuit

The presence of voltage of appreciable duration across the shutter

coil drive circuit (point V in Figure IZ-6) after the first lunar night was

established to be the second necessary condition for the failure of the

solenoid coil and subsequent events. A review of mission records con-

firmed that no anomalous effects were noted at the end of the first lunar

day and that the shutter had been properly closed for the lunar night. The

effort to explain the existence of the coil voltage entailed analysis of the

available evidence summarized earlier, additional tests of the returned

chassis and components, a review of operational commands sent to the

spacecraft after the first lunar night, and a study of the electrical sub-

systems of the spacecraft for possible alternate modes of failure which, in

conjunction with the commands transmitted, might provide a plausible

explanation.

The eight basic ways by which the voltage could be made to appear

at point V (Figure 12-6) are summarized in the logic diagram of Figure IZ-10.

These eight logic paths entail combinations of faults and commands. All of

them were examined to the maximum extent feasible for validity. All but

path F and perhaps Gwere proven invalid or highly unlikely.

Paths A and B postulated a "frozen battery" condition whereby the

solar panel could directly activate the circuit. This could occur in one of

two ways. Path A would require a permanent defect in the transistor of the

retrieved ECU. As seen below in the discussion of path D, this was proved

not to have occurred. Path B could occur provided that the solar panel

power was sufficiently high to maintain a voltage across the ECU transistor

in excess of its breakdown potential of 80 volts. The transistor would then

become conductive, but it would subsequently recover so that no evidence

of degradation would necessarily be noticeable later. However, analysis

of the solar panel subsystem determined that the incident solar energy could

only generate a maximum of 0.5 watt of power in the i0 square foot solar

panel in its final lunar orientation. Assuming a 10 percent efficiency, the

maximum sustained voltage that the solar panel could provide to the circuit

could therefore not exceed 40 volts.

The remaining sixpaths required that a command be sent to turn on

the main power system of the spacecraft. This command, known as

OTC ON,* supplies +29 volts to the TV camera and to the TV camera

auxiliary, which is a separate electronic compartment not retrieved by the

Apollo astronauts. Mission records indicate that this command had indeed

been sent repeatedly on the second lunar day as the basic spacecraft activa-

tion signal.

The OTC ON command in the absence of other signals or failures

cannot by itself produce the voltage in question. Normal means for

::-'Overload trip circuit.
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Figure 12-10. PossibleCausesof Line Voltage Across Shutter Coil Circuit

accomplishing this entail the transmission of a separate command, whose

code was 1103, shown as TV ON command in Figure IZ-10. This command,

then, in conjunction with the OTC ON command, is designated in Figure IZ-10

as a possible path C. Extensive search of mission records revealed no

trace of this command.

The remaining five ways of generating the voltage V all entail some

sort of failure in addition to the OTC ON command. Paths F, G, and H

also require transmission of additional command.
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Path D entails the real possibility that defective components of the

ECU of the camera, in conjunction with the OTC ON command, somehow

permitted the ECU to be turned on, thereby supplying the voltage to the

shutter circuit. This path also included the possibility of other modes of

ECU failure to produce this voltage through direct faulty transmission of

the main spacecraft bus power. For example, one faulty transistor known

as the ECU QS,_ could account for this occurrence. This possibility was

therefore analyzed in more detail--fortunately, the ECU had been retrieved

as part of the Surveyor III camera and could be physically examined and

tested. Results of this examination are presented in Appendix K. 3.4. No

traces of component degradation, which would be a necessary consequence

of this mode of activation of the shutter circuit, were uncovered.

The alternate path E was considered to be highly hypothetical,

purely speculative in nature, entailing numerous failures of other compo-

nents. This unlikely explanation was not pursued further in view of its

futility and the much more plausible explanations entailing many fewer

failures, as discussed below.

A search was then conducted for a combination of minimal numbers

of hypothetical yet plausible failures, which, coupled with other commands

sent to the spacecraft in conjunction with the OTC ON command, would

account for the anomaly. The general category of such possibilities is

shown for completeness in Figure 12-10 as path H. Of the multiplicity of

such failure possibilities, two appeared most likely in light of the commands

transmitted and the circuit characteristics considered. These are desig-

nated as paths F and G in Figure i Z-10.

Path F is considered, by far, to be the most likely source of the

anomaly. For this event to take place, it was necessary to verify that

command 0103, similar to the TV ON command 1103, had been sent. This

signal 0103, which commands transmitter A of the spacecraft to its high

voltage mode, was, indeed, uncovered in niission records to have been

transmitted on at least three occasions during the second lunar day.

Circuit analysis indicated that a single broken connection between the TV

auxiliary and the Surveyor camera, designated in Figure IZ-10 as wire AI4,

would immediately transform this 0103 command into the 1103 signal neces-

sary to activate the ECU and apply voltage to the shutter coil circuit. The

postulate of such a broken connection appears to be highly plausible. The

failure of a single solder joint in the TV auxiliary, not difficult to visualize,

would account for it.

The second, somewhat less likely, possibility entails a malfunction

of another wire, designated AIZ in Figure 12-10, in addition to the open

condition of the AI4 wire. The reason that this alternate failure (path G)

should also be considered is that this occurrence would transform a com-

mand 0101 into the TV ON command 1103; mission records indicated that

;:-_ECU Q5 should not be confused with transistor Q5 of the shutter

circuit.
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the 0101 command, which turns the transmitter A into its low power mode,

was transmitted to the spacecraft a great many times during the second

lunar day.

iZ. 5. 6 Postulated Mechanism of Failure

In summary, the most plausible cause and sequence of events can

now be postulated and is summarized below. It should be noted that insofar

as camera failures are concerned the lunar environment appeared to have

played an extremely minor role, if any. The only possible contribution,

for which no positive evidence was uncovered, was a hypothetical additional

degradation of the Q5 transistor in the shutter drive circuit prior to its

ultimate failure(s).

After normal performance during the first lunar day, a series of

commands was sent to the spacecraft on the second lunar day in the attempt

to revive it. These commands included nominal commands to turn on the

main power system, as well as many other commands.

It appears that one or more soldered connections may have opened

during the lunar night although no solder failures were found in the returned

television camera- :_" In particular, the A14 wire from the TV auxiliary to

the TV camera ma F have become unsoldered or broken. Upon transmission

of the comrnand to attempt to turn the spacecraft transmitter A on, an

erroneous signal was probably generated by the spacecraft, which inadvert-

ently turned on its ECU, applying voltage to the shutter coil circuit.

One of the shutter coil circuits had as its drive transistor a unit

which, while within specification, had a relatively low breakdown voltage
characteristic. It is not known to what extent the condition of this transistor

was degraded by its prior stress history in testing or by exposure to thermal

cycling. It is also not firmly known whether this potential degradation had

any direct bearing on the subsequent chain of events. However, the appearance

of a voltage pulse in the transistor drive circuit resulted in a voltage break-

down between its emitter and collector.

This voltage could have been caused by a variety of reasons, including

a transient spike from the instant application of the line voltage, other

transient noise spikes, or even electrostatic charges. It should be noted

that, because of the possibility of other Surveyor Ill component and subsystem

failures, the Surveyor spacecraft configuration on the second lunar day may

have been different from what it was originally. The presence of reasonably

high voltage pulses following the multiplicity of commands sent in the attempt

to revive the spacecraft therefore cannot be discounted.

_:-_Itwas noted during Surveyor thermal-vacuum tests that the various space-

craft units experienced different solder joint problems because of the

differences in manufacturing techniques.
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It is not known what voltage level might have been sufficient to cause
this transistor breakdown. The transistor was known to have had a some-

what lower breakdown characteristic relative to its companion transistors
in the other shutter drive circuits. _''" Furthermore, it is not known to what

extent possible prior recorded stress in test, or even effect of the lunar

night, could have further increased[ts susceptibility.

Unfortunately, emitter-to-collector breakdown occurred in the most

vulnerable part of the shutter subassembly, that which drives the shutter to

the OPEN position. This was because the transistors in series with the

other three coils happened to have had a higher voltage breakdown rating.

The remaining chain of events leading to the observed anomalies

appears to have been inevitable and straightforward. With the emitter

shorted to the collector and with the line voltage inadvertently present,

nominal shutter solenoid current opened the shutter. In the absence of

normal signals to turn the shutter current off and to restore the shutter to

its closed position, the shutter remained open and the solenoid current

continued to flow. The solenoid, not rated for continuous operation in this

mode, soon overheated. Its insulation burned and its coil shorted. This,

in turn, raised the circuit current to an extremely high value, beyond the

rating of the series transistor. Eventually, the emitter lead of the series

transistor burned out, opening the circuit, and interrupting the current
flow.

Meanwhile, with the shutter open for the remaining 31 lunar day/

nigh cycles,"* sufficient solar radiation energy impinged upon the vidicon

faceplate to Cause its temperature to rise to a value of about 100°C, sub-

stantially above its rating. This resulted in evaporation of the photoconductor

from the faceplate. The photoconductor, which contained selenium and

sulfur, deposited on the neighboring copper wire mesh of its grid 5, causing

a physical and chemical change in its structure. The thickness of the copper

mesh shrunk to a structurally deficient value, and the mesh tore and

shattered, either on the lunar surface or during subsequent handling of the
camera retrieval and return.

IZ. 6 DISCOLORATION AND CURLING OF TEFLON SKIRT

The Z mil thick teflon TFE skirt (see Figure 3-29, Section 3) was

used as a seal in the opening between the rotating mirror assembly and the

;:qts collector-to-base breakdown voltage was 116 volts, compared to 170 to

180 volts for the others; but its collector-to-emitter breakdown voltage

was not previously measured. The specifications required 80 volts
minimum.

*;:'Or, perhaps, 30, if the failure occurred on the third lunar day.
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camera body to prevent lunar dust from entering the camera. The skirt
was bonded to the base of the mirror assembly over approximately half of
its width. The epoxy adhesive used was Ep[phen 8Z5A, made by the Borden
Chemical Company.

The anomaly observed during the initial Surveyor operations
(reported in Section 3.4.4) was that the teflon appeared discolored and had
curled up and under the hood. The teflon appeared to be light brown, in
contrast to its original milky white appearance. It also appeared brittle.
Some of the epoxy was also noted to be present on the inward side of the
unsupported teflon.

The curling of the teflon may have allowed a small quantity of lunar
dust to enter the camera, particularly as a result of the "sandblasting" effect
of the descent of the Apollo Lunar Module. While the effect on the integrity
of camera operation would not be expected to have been major, [t was
decided to conduct a failure analysis of this anomaly primarily to assess
the effect of the lunar environment on the properties of this widely used
material.

The failure analysis was designed to determine the cause and nature
of the observed discoloration and curling, to assess the degree to which
these effects could be attributed to changes in the epoxy rather than teflon,
and to identify the specific components of the lunar environment to which
these effects could have been attributed. Discoloration and curling of teflon
TFE samples exposed to simulated lunar radiation environments had been
observed in laboratory testing. The curling may be, in part, attributable
to the blast produced by the lunar module landing although nondegraded
teflon may have withstood this effect better.

Prior tests were conducted on similar samples of the epoxy, as
discussed in Section 10.5, and were therefore not repeated as part of this
failure analysis. As reported there, a definite increase in hardness of
the epoxy had been observed.

Physical measurements of the TFE teflon samples from other parts

of the camera were also conducted as part of routine material tests and

were reported[n Section i0.4.3. Physical tests of samples of the curled

portions of this teflon skirt could not be conducted because of the limited

amount of material available. Physical changes noted in these other TFE

teflon samples would not have accounted for this curling effect; no similar

curling of teflon TFE was observed elsewhere. No evidence of significant

increase in brittleness of the teflon TFE was noted.

In addition to the visual examination, additional tests conducted as

part of this failure analysis include ultraviolet and infrared spectrochem[cal

analysis, elemental analysis, electron paramagnetic resonance, and differ-

ential thermalanalys[s. One of the objectives of these tests was to deter-

mine whether any chemical changes had taken place [n the teflon.

The only effect observed was an indication of some def[uorination,

found by the ultraviolet spectrochemical analysis. This test, however,
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revealed no structural changes. T,he observed defluorination would not be
sufficient to have caused the observed effects.

Similarly, infrared spectrochemical analysis revealed no structural

changes. It verified the presence of the epoxy adhesive on the interior of

the unbonded surfaces of the unsupported area of the skirt. Elemental

analysis indicated no changes in the chemical composition. No change of

free radical concentration was found as a result of the electron paramagnetic

resonance test, and no changes in thermal properties were noted as a result

of the thermal analysis.

!

!

!
!

The presence of the epoxy on the unbonded surfaces, coupled with the

previously verified increase in the hardness of the epoxy, was believed to

have been the major cause of the observed condition of the skirt. The

increase in hardness was accompanied by some shrinkage. This shrinkage

of the epoxy is believed to have caused the teflon to curl inward.

Results of the failure analysis revealed that no basic effects of

concern were induced on the teflon by the lunar environment. The only

significant effect was the expected and reasonably well understood increase

in hardness of the epoxy adhesive. The presence of epoxy on unbonded

areas was unwarranted and can be attributed to improper manufacturing

and installation techniques.

I 12.7 CRACKED GLASS ENVELOPES ON DIODES AND RESISTORS ANDRELATED COMPONENT FAILURES

12.7.1 Introduction

This subsection summarizes the results of the failure analysis

conducted on 29 components which were found to have cracks in their

glass cases (items 10, 11, and 12 in Table 12-i). These included Z6 diodes
and 3 resistors.

I

I

I

I

I

Fourteen TFRs were written for these anomalies. Twelve of these

dealt with Z7 components: Z4 diodes and 3 resistors whose glass cases

were cracked but which appeared electrically unaffected. These were then

grouped into one generic anomaly since the symptoms, and presumably the

causes, appeared virtually identical. The remaining two TFRs were
written for the other two diodes with cracked cases which also exhibited

electrical anomalies: one TFR for the diode which was found electrically

open and one TFR for the diode which exhibited an excessive leakage current.

In all Z9 cases, extensive cracking was also observed of the con-

formal coating applied over the glass envelopes. This cracking of con-

formal coating was also noted on many other components where no damage

to the glass envelopes occurred. No separate TFRs were written for these
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Figure 12-1 1. Cracked Diode Glass Envolope (Photo 00545-212) 
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cracks partly because they did not per se entail a significant malfunction,

partly because their occurrence was expected:: _"for the type of coating used,

and partly because this problem was necessarily included [n the treatment
of the above 29 anomalies.

The general discussion of cracking of the glass envelopes [s pre-
sented first. The two diodes which exhibited electrical malfunctions are

then treated in further depth, with supplementary failure analysis data

included in Appendix K. 4.

1Z. 7. Z Preliminary Examination of Cracked Glass Envelopes

A failure analysis of the cracked glass cases was conducted since it

was felt that the cracking occurred as a result of the lunar thermal cycling.

The first phase of this effort included a visual and microscopic examination

of the cracked cases, a review of past records, and tests of the two diodes
which had failed.

Visual examination revealed that all of the cracked cases were on

components which had been bonded and which were covered with a reasonably

thick layer of conformal coating. Extensive cracking of the conformal

coating was also observed on all of these components. Figure 12-ii, taken

of a cracked diode case, illustrates these effects.

A summary of the Z9 cracked glass envelopes is presented in

Table 12-3. The types and chassis locations of these resistors and diodes

are shown on the table, and the two diodes which exhibited functional failures

are indicated. Also noted on the table are the two diodes and one resistor

that were damaged [n the process of removal; the two damaged diodes could

not be tested, but the resistor was measured on the chassis and appeared to

be electrically normal.

While the total number of cracked cases was not negligible, it was a

small fraction of the total number of similar components present on the

camera, as indicated in Table iZ-3. Certainly two failed diodes was a

small fraction of the total number of diodes in the camera. As seen from

the subsequent discussion, the occurrence of these two failures was of even

lesser concern since it was found that these failures were basically traceable

to original manufacturing defects or other causes and not lunar exposure.

1Z. 7. 3 Review of Past Data

Numerous past records were available on similar occurrences of

cracked conformal coatings and glass cases of components during cryogenic

::-'Similar effects were noted following prelaunch solar-thermal-vacuum

tests.
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cycling. These data were available from the Surveyor program, on which

many TFRs had been written dating back to 1963, and from other programs.
The following conclusions were drawn from the review of these records:

Cryogenic cycling caused frequent cracking of conformal

coatings when the components were subjected to temperatures

below-IO0°F and wherever the thickness of the coating exceeded
about i0 mils.

Very few instances of cracking of the conformal coating were

uncovered when the coating was uniformly applied and when its
thickness was less than i0 mils.

Occasional occurrence of associated cracking of glass envelopes

was noted when the conformal coating was thick and when the

components were bonded. Very few occurrences of cracked

glass envelopes were noted when the components were not
bonded.

Cryogenic cycling generally succeeded in isolating partial
failures. Those components whose glass cases survived

initial cycling were rarely affected by subsequent cycling.

Electrical failures "of properly manufactured components were

extremely rare even in cases where the glass envelope cracked.

As a result of past tests and analysis, it was concluded that the basic

problem was a thermal mismatch between the conformal coating and the

materials to which it was applied. The problem was particularly severe

when the component was bonded and when the coating was thick. Inherent

stresses or weaknesses in the glass envelopes introduced at the time of

their original assembly would subsequently lead to cracking. Cryogenic

cycling of components was effective in isolating such vulnerable components.

These studies led to the following corrective measures, which,

however, could not be applied until the fifth Surveyor:

Conformal coating was applied by spraying the components,
and a thickness less than I0 mils was maintained to the maximum

extent feasible.

Conformal coating in the fillet areas was brushed to reduce

buildup.

Bonded components and other suspect parts were cryogenically

cycled to screen out marginal parts.

formal coatings to ensure a better thermal match to the glass envelopes.

These materials were not used on the Surveyor program but are applicable
to future designs.
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It was considered that the above information was directly applicable
to the analysis of the cracked envelopes on the Surveyor III camera. There
appeared little doubt that the problem was caused by the extreme and
repeated thermal cycling of these bonded components through the lunar
nights, particularly in view of the fact that in each of the Z9 cases noted
the thickness of the conformal coating appears appreciably higher than
i0 mils. It should be noted that the Surveyor III camera experienced many
more cycles than the number to which the components discussed above had
been subjected in test.

It should also be pointed out that the evidence available in testing of
the parts of the retrieved Surveyor III camera may have been somewhat
distorted; i.e., they had been subjected to handling and effects of the
ambient environment in the course of their return from the moon. Thus,
the state and performance of the components with cracked envelopes may
be different now than it was, or would have been, had they remained in the
lunar vacuum environment in their cracked condition. In particular,
contamination and moisture which could have entered the components through
the cracked cases could have appreciably altered their characteristics.

1Z.7.4 Results of Failure Analysis of Two Defective Diodes

In light of these findings, it was felt that a detailed failure analysis

of all the cracked glass envelopes was not warranted. Such an analysis,

perhaps entailing thermal Simulation of the cracked glass, would not be

expected to generate data not already available from past records. The

failure analysis work was therefore confined primarily to investigation of

the two diodes which exhibited electrical anomalies.

As noted previously, all of the components with cracked envelopes,

with the exception of the two diodes, appeared to have survived electrically

intact. One possible exception was the cracking of the carbon composition

resistor in the process of its removal from chassis A5. This resistor

was broken into several pieces when its lead was unsoldered. Subsequent

physical reconstruction of the pieces resulted in a resistance value which

was still within i0 percent of its prelaunch reading. Examination of this

resistor and of the place on the chassis from which it was removed showed

evidence of an excessive stress. The method of mounting and bonding

resulted in its leads being formed unduly close to its body. Other radial

cracks around the lead were also observed. Subsequent cryogenic cycling

undoubtedly caused fracture of the resistor body itself in this particular

ins tance.

Details of the failure analysis conducted on the two diodes are

presented in -Appendix K.4. Results of this analysis, summarized below,

revealed that in both cases a previous manufacturing defect existed.

Examination of the open diode, type IN3070, on chassis A3 revealed

an intermittent contact between the spring whisker and the gold ball contact

on the die. Manipulation of the diode leads could cause the diode body to

move around the crack in the glass and to restore the contact between the

whisker and the ball.
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It was apparent that the cracking of the envelope was a necessary

condition for this anomaly to occur. Since other similar components did

not exhibit this anomaly, it could be, in part, attributed to a manufacturing

variation such as a residual strain. The construction of this diode entailed

a pressure contact vulnerable to this effect. Had an improved construction

been utilized, such as a fuzed contact, the cracking of the glass would

probably not have resulted in this anomaly.

Evidence indicated that, in spite of the open condition found in

testing, the diode was probably still operative in the cracked case condition

while on the lunar surface. It could not be positively ascertained to what

extent subsequent handling induced the final opening of the lead. Very

likely, the ball was shifted when one of the leads was unsoldered in the

process of the removal so that the electrical failure was actually triggered

by laboratory handling and testing.

In all other respects, the performance of the diode was nominal.

Measured parameters were normal when physical contact was restored by

jiggling the contacts and probing.

The second electrical component failure was the high reverse

leakage current observed on the IN3730 diode on chassis A5 (6.6 micro-

amperes compared with 0. i microampere maximum specified). Failure

analysis revealed later that the breakdown voltage was also considerably

below specification (50 volts observed versus 200 volts minimum required).

Detailed examination uncovered a fracture in the die consisting of a

small crack from one edge of the chip to the metalllzation. There was

evidence that this fracture was produced in original manufacture, probably

during the chip mounting process. The die was well mounted to the stud

and fully supported by it.

The thermal stress associated with the break in the glass envelope

may have caused the original fracture to propagate through the junction.

The effect of such a crack in the junction would be a lowering in the break-

down voltage resulting from the vertical displacement of one-half the chip

and the associated effective decrease of the depletion region. Some

increase in leakage current could accompany this, but the relatively high

value of 6 microamperes need not have necessarily existed on the lunar

surface. In any event, the diode was probably fully functional during the

operation of the camera on the moon.

It appeared likely that subsequent handling and return to the ambient

environment enhanced the reverse leakage current. The high leakage could

be the result of contamination of the exposed junction along the fracture.

Moisture or other contaminants might have entered through the cracked

gla s s.

While the lunar environment definitely caused the cracking of the

glass of this diode and aggravated its electrical characteristics, the basic

cause of this anomaly must be an original manufacturing discrepancy.
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IZ. 7.5 Concluding Comments

Results of the physical examination and preliminary investigation

of the cracked glass cases and of the failure analysis of the two defective

diodes, coupled with the review of past data, provided a plausible explana-

tion of the anomalies noted.

Thermal cycling through the lunar nights caused excessive stresses

to be developed in the conformal coating and in the glass envelopes as a
result of the thermal mismatch between them. These stresses were aggra-

vated in some cases by the excessive thickness of the coating and by the

nature of the component bonding technique employed. Numerous cracks in

the coatings resulted, as anticipated; in 29 cases out of some 980 compo-

nents involved, these stresses resulted in the cracking of the glass envelopes.

The occurrence of these cracks was not unexpected and was compatible

with past test experience.

Some concern over these occurrences led to effective corrective

measures, incorporated in subsequent spacecraft after Surveyor III.

With few exceptions, the cracks in the envelopes did not cause any

electrical malfunction of the components. The two notable exceptions

were one open diode and one diode with excessive reverse leakage current.

Failure analysis of these components revealed that in one case an original

manufacturing deficiency or defect was present. In both cases, cracking of

the glass precipitated or contributed to the final malfunction. In both cases,

the degree of malfunction was significantly aggravated by subsequent

handling. Additionally, it appeared that in both cases the components

still were or would have been electrically operative in their original lunar

environment.

In the absence of any unusual findings, and because of the now

available remedial measures, it was concluded that the observed cracks

in the glass envelopes, while they did represent an effect of the lunar

environment, would be of negligible concern for future programs.

12.8 OTHER ELECTRICAL ANOMALIES

12. 8. I Summary Assessment of Four Anomalies

This subsection summarizes the failure analyses conducted on the

four electric circuit and component anomalies listed as items IZ through 16

in Table 12-I. Exposure to the lunar environment was believed to be a

prime factor in each of these occurrences. As noted in Table iZ-Z, these

were the only lunar environment-induced electrical failures except, per-

haps, for the cracked glass cases discussed in the preceding subsection.

It is significant that of the some 1500 electrical components of the TV

camera, listed in Table 7-i in Section 7, so few seemed to be seriously

affected by their prolonged lunar exposure and subsequent return to the
ambient environment.
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These four components and a brief description of the nature and

significance of the problems associated with them are presented in

Table 1Z-4. The first three components --the tantalum capacitor, the

alloy transistor, and the metal film resistor--were classified as failures

and would have had a catastrophic effect on the operability of the Surveyor III

camera. However, only the capacitor failure is of some significance to

future applications. Accordingly, failure analysis of the tantalum capacitor

is discussed in further detail in Section iZ. 8. Z. The fourth anomaly, that

of the erroneous reading of the vidicon temperature circuit, was initially

attributed to a change brought about by the lunar environment in the charac-

teristics of the matched transistor pair, as noted in Table 12-4. This

anomaly was further investigated in some detail, as discussed in

Section IZ. 8.3, to determine the extent of this possible degradation. Only

minor changes in transistor characteristics were found, and the anomaly

was determined to be attributable to the sensitivity of the circuit used.

Thus, this was proved to be of negligible importance to future applications.

No failure analysis was performed on the damaged alloy transistor

or metal film resistor. Both were of obsolete design no longer used in

space programs. The alloy transistor chip was post-mounted. The

susceptibility of its design was well understood: chip bond failure and

termination failure are unique to this construction. Similarly, the failed

metal film resistor was known to be susceptible to a failure mechanism

wherein a fracture develops in the solder bond connecting the metal clip to

the pad on the substrate. This type of failure mechanism is typical of

solder-supported junctions. Both of these components failed open. The

Surveyor spacecraft was launched in recognition that these components

may not survive the lunar night. It was somewhat of a surprise that only

l of the 49 transistors and only 1 of the 33 resistors of these respective

types present in the camera were found to have failed.

1Z. 8. Z Results of Failure Analysis of Tantalum Capacitor

The failed capacitor was a 4.7 microfarad (+i0 percent) solid

electrolyte tantalum capacitor, hermetically sealed, manufactured by

Sprague, similar to type CSRI3. Similar components manufactured by the

Kemet Division of Union Carbide were also used [nterchangeably on

Surveyors. These capacitors have been used extensively in the design of

spacecraft. Modified versions developed later were capable of better

survival at cryogenic temperatures.

The capacitor was used in the TV camera across the feedback path

between the base of the emitter follower and the voltage amplifier of the

video preamplifier (on camera chassis A5). The circuit functioned normally

during the first lunar day. During chassis tests (described in Section 4.5),

the capacitor was found resistively shorted: the ohmmeter reading indicated

4000 ohms. This short disabled the feedback path to the base circuit of

the emitter fo|lower, which, in turn, rendered the amplifier inoperative
and would have resulted in a total loss of video information.

To determine the degree of the contribution of lunar exposure to this

failure and because of the wide applicability of these types of components,
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it was decided to conduct a comprehensive failure analysis of this anomaly.

As noted in Section 12.2, effects of lunar exposure on this component had

been of concern throughout the Surveyor program. Extensive past data

were therefore available, including a great many diagnostic tests, design

studies, and investigations of similar failures experienced during the

Surveyor test program. Based on this experience, it was somewhat of a

surprise that only 1 of the 76 similar components used in the camera had
failed.

As discussed in Section 7.3.1, routine examination of a large

number of these 76 similar components was conducted as part of the

electrical components test program. Thirty-six components were checked

on the chassis, and seven were functionally examined off the chassis;

diagnostic tests were conducted on two of the seven. Definite degradation

by lunar exposure was noted even on these nonfailedparts. This degradation

was exhibited in the form of increased leakage current and increased slope

of leakage current versus temperature characteristics. As discussed below,

past experience indicated the observed failure of the tantalum capacitor was

a more extreme manifestation of the same basic mechanism which caused

the smaller changes On the other similar components.

The failure analysis conducted entailed a careful review of past

records and systematic tests of the failed component. The latter included

visual and X-ray examination, electrical tests, internal microscopic

examination following a careful disassembly, and a number of additional

tests especially designed to identify the mode of failure.

The internal structure of the tantalum capacitor is indicated in

Figure 12-12, which shows the porous sintered tantalum anode used. The

dry semiconductor electrolyte provides for relative freedom from corrosion

or electrolyte leakage. The metal case is the negative terminal, and the

positive dielectric lead is welded within the case. This allows for sharp

lead bends without damage to the internal weld. The porous anode slug is

manufactured by sintering a pressed mass of tantalum powder at high

temperatures and reduced pressures. Surface area of this slug is anodically

coated with a dielectric layer of tantalum pentoxide, which is then covered

with a thin layer of electrically conductive manganese dioxide. Improved

electrical contact is made to the coating of the manganese dioxide by the

use of graphite, followed by a conducting silver paste. The unit is soldered

into its metal enclosure, and the final sealing is made with a compression

glass end seal. A feedthrough eyelet is provided for the anode wire.

Review of past records revealed a number of cryogenic failures

generally entailing an excessive leakage current or a short through the

tantalum pentoxide dielectric. A large number of these failures occurred
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Figure 12-12. Construction of Solid Tantalum Electrolytic Capacitor
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on capacitors in the early Surveyor television camera. A variety of causes

were postulated or were determined to have existed. These included:

• Impurities in sintered anodes

• Uneven thickness of tantalum pentoxide dielectric

• Various other manufacturing process deficiencies

• Electrical and/or mechanical overstress at user's facility

Stresses resulting from cycling beyond thermal specification

limits of capacitor

• Stresses resulting from excessive number of thermal cycles

A special effort was instituted early in 1967 to identify the causes

of these failures and to propose corrective actions. Results of this effort

were not available for Surveyor III, but were applicable to later spacecraft.

This effort entailed a comprehensive review of test data and past failure

analysis, consultation with manufacturers, additional controlled tests, and

consultation with other aerospace companies with experience in the use of

these components. No specific causes of failure could be identified, nor

could any fool-proof corrective measures be proposed, compatible with

functional and environmental recommendations for these parts. However,

a number of highly suspect design deficiencies were uncovered, and

promising design improvement measures and worthwhile screening pro-
cedures were recommended.

One of the prime reasons for the cryogenic failures was believed to

be mismatch in the thermal expansion coefficients of the elements of the

capacitor. The expansion coefficients of the solid tantalum wire is

six times greater than that of the tantalum pentoxide. This condition caused

cracks or fissures to develop in the dielectric, or shifts in defect sites,

which could reduce the breakdown voltage. These were believed to be

subsequently aggravated by differences in the coefficients of expansion of

other capacitor materials.

Another area of concern was the use of an epoxy cap in the region

where the tantalum wire enters the anode. Thermal stresses developed

during cryogenic exposure were believed to contribute to dielectric

fractures in this area.

Subsequent design improvements entailed, among others, a better

matching of expansion coefficients and elimination of the epoxy cap. Also,

cryogenic screening was instituted, which seemed to decrease the occurrence

of cryogenic failures. These improvements, available for future designs,
LL _ (-, ...........
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Figure 12-13. Tantalum Capacitor Anode Slug, Showing Suspected Areas of Breakdown (Photo 00545-214) 
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Surveyor Ill capacitor, for example, still had the epoxy cap in its internal

construction. Surveyor III was launched with the realization that lunar night

survival of its tantalum capacitors could not be assured.

Consideration was given to the replacement of these types of compo-

nents with other components better qualified to meet the cryogenic exposures.

In particular, a fixed nonsolid electrolyte tantalum capacitor was considered.

Unfortunately, these other components have a poorer ripple voltage charac-

teristic, higher dissipation factor, and larger capacitances versus tempera-

ture coefficient. However, these replacements may be adequate for

other space applications.

The failure analysis of the Surveyor III tantalum capacitor was con-

ducted in full cognizance of the above background information. Preliminary

examination revealed no manufacturing deficiencies and no evidence of

mi shandling.

Electrolyte tests confirmed the 4 kilohm resistive short and indicated

an excessive symmetrical leakage at voltages considerably below the i0 volts

rated value. Both the forward and the reverse leakage currents were on the

order of 0.5 ma, many orders of magnitude higher than normal.

The various coatings were chemically removed from the anode slug.

Subsequent examination of the slug revealed the presence of the suspected

defective areas shown in Figure 12-13. Since the surface of the anode was

free of gray oxide points of scintillation, the breakdown area must have been

internal to the anode. Reformation indicated oxide anomalies at approxi-

mately 5 volts.

It appeared that the lunar environment caused microcracks to develop

in the dielectric at points of high stresses. The extent of oxide crystallization

would be limited by the i megohm series resistance in the external circuit.

However, this degradation after one or more thermal cycles would be suffi-

cient, as evidenced by past history, to cause the observed failure upon the

application of voltages much lower than rated, perhaps as low as 1 or Z volts.

It appears that the capacitor failed either upon the application of the rated or

less than rated voltage during the attempts to revive the spacecraft after the

first lunar night (e. g., the voltage which caused the solenoid drive circuit

failures, discussed in Section IZ. 5) or upon the application of a nominal volt-

age during the chassis tests of the returned camera (discussed in Section 4.6).

12.8.3 Vidicon Temperature Readout Anomaly

As noted in Section 4.7, tests of electric chassis A-6 revealed an

anomalous reading of the vidicon temperature readout circuit. The output

voltage of 0.66 volt corresponded to a temperature of 8°F according to prior

calibration data. The actual temperature of 85 °F should have produced a

reading of 3. 002 volts°

The vidicon readout circuit was one of two similar temperature

sensing and indicating circuits on the camera. The second circuit measured

the output of the temperature sensor on the ECU chassis. Both circuits

employed a common voltage regulator which used a 9 volt zener diode to
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provide excitation to the bridge circuits. Each of the two temperature readout
circuits, in addition to the voltage regulator, consisted of a balanced bridge
circuit and a highly stable differential amplifier. Each bridge circuit employed
a microdiode temperature sensor in its respective sensing locations.

The temperature readout circuit of the ECU performed nominally.
This eliminated its components, including the 9 volt zener diode common to
both circuits, as the source of the problem. Examination of the vidicon bridge
circuit indicated that its components, including the microdiode sensor, were
nominal. This was verified in two ways. The vidicon diode was first replaced
by the microdiode of the ECU; the vidicon temperature readouts were then
still anomalous. The vidicon diode was then replaced with a potentiometer
whose setting was adjusted to correspond to the nominal room temperature
readout. Anomalous readings of the readout circuits were again obtained, and
the adjusted potentiometer resistance was measured to be identical with the
forward resistance of the vidicon diode. By varying the resistance of the
potentiometer, the output could then be adjusted between the nominal limits of
0 to 5 volts dc. The other components of the bridge circuit were also
measured and found nominal.

The above tests pinpointed the source of the problem as being
attributable to the differential amplifier of the vidicon readout circuit. In
particular, it appeared that one or both of the matched _':-_transistors had changed
characteristics relative to prelaunch readings, thereby altering the circuit
calibration. The suspect transistors were Fairchild NPN ZN2871 high voltage
amplifier transistors. Tests of similar transistors in the returned TV camera
(reported in Section 7.5.3) uncovered no significant effects of the lunar environ-
ment on these components.

Functional tests of the suspect transistor package could not be readily
performed on the chassis because of the difficulty of access to the cordwood
modules in which they were buried. The transistor package was therefore
removed and tested in the Hughes Components l_boratory. The package was
found to be in excellent condition. Tests revealed no discrepancies relative to
specification requirements. However, comparison with original receiving
inspection data indicate that the collector-base and emitter-base currents of
both transistors appeared to have changed.

It is recognized that, because of instrumentation differences and the
inherent nature of original inspection measurements, the accuracy of this com-
parison cannot be assured. Furthermore, Jt should be noted that determination
of static characteristics may be a poor measure of the match of the dynamic
characteristics of these two components.

This apparent change of the collector and emitter currents must be
viewed with the above reservations as resulting from the lunar exposure
(presumably thermal cycling) and as providing the explanation for the shifting
of the circuit calibration. The values of these two parameters actually
appeared to have improved. This calibration anomaly was concluded to be the
result of these small changes and reflects the critical sensitivity of the
circuit employed.

;:-'Thismatched pair was contained in a single TO-5 can.
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This anomaly was therefore concluded not to be of major significance.

It is certainly of negligible importance to future applications as long as it is

recognized in circuit design that the lunar environment, or any similar

exposure to temperature extremes, may result in minor parameter changes

for these types of components.

12. 9 OTHER MECHANICAL AND ELECTROMECHANICAL ANALYSES

Results of the analysis of the four remaining anomalies, items 17

through 20 in Table 12-i, are presented in this section. These anomalies

were found to be relatively insignificant, both with respect to the operation

of the Surveyor camera and as to application to future programs. They

were all attributable to primary causes other than the lunar environment:

prelaunch defects, handling, and normal wear effects. In two of these,

however, lunar exposure may have had a contributory effect.

12. 9. 1 Excessive Shutter k3reakaway Current

As discussed in Section 5. 5, tests of the electromechanical charac-

teristics of the undamaged solenoid ]B of the shutter assembly indicated

an excessive value of its breakaway current. ::-"The observed range from

250 to 325 ma was about 30 percent higher than its specified range of from
190 to 235 ma.

The solenoid contained a permanent magnet rotor whose movement

activated the shutter blades. The actuating force was generated by the

current through stator windings. The current required to actuate the rotor

depended on the airgap between the rotor and the stator.

The rotor shaft was supported by teflon bushings. The rotor was

made of soft iron plated with copper. The external surface of the rotor

was originally coated with molybdenum disulfide lubricant 1 to 2 mils
thick.

In operation, the rotor rotated in steps. The average effective

value of the airgap, which depended on the characteristics of the teflon

bushings, clearances, and other design variables, changed somewhat

depending on the angular orientation. This accounts for the relatively wide

range of the breakaway current values, both specified and measured. It

also illustrates the somewhat critical dependence of the force and therefore

of the required stator solenoid current on the airgap.

An increase in the airgap would result in an increase in the break-

away current. This could be caused by the wear of the teflon bushings or

by the wear of the rotor. Examination revealed that the rotor, indeed,

showed signs of wear. The molybdenum disulfide lubricant had worn off in

•_ ...... p g_-_ _u_v_ Fw_ areas, ._-_v_'_1_._+1_ ,-,,-,n.-,,__. l_+_n

::-'Solenoid A was damaged, and its failure analysis is presented in Section IZ. 5.
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This observed wear was not surprising and reflects many cycles
of operation. Exposure to the lunar environment may have contributed to
some unknown extent. Even in its present condition the shutter blade was
fully operable since the current requirements were entirely within the
normal capability of the camera power subsystem. This effect is of negli-
gible importance to future applications since normal effects of wear are
expected to be included in all design considerations.

12. 9. 2 Deformed and Worn Azimuth Drive Gear Teeth

As noted in Section 2.4. 2, one of the Surveyor III mission anomalies

reported was faulty operation of the azimuth drive. The mission TFR
stated that the mirror azimuth drive failed to step 432 times out of a total

of 10, 045 right commands but failed to step only twice out of an approxi-

mately similar number of left commands. This failure generally occurred

at two positions of the azimuth drive: +3 and -27 degrees. It was also

most noticeable during rapid temperature changes, such as during lunar

sunrise, solar eclipse, and lunar sunset.

Prior to return of the camera, the suspected cause was believed to

be one of the following: 1) binding of the azimuth bearing at the particular

locations noted, resulting from localized stresses aggravated by tempera-

ture gradients; 2) degradation associated with motor wear, caused by its
total accumulated steps; or 3) increased friction of the ring gear, caused

by lunar dust, and possibly localized in the suspected areas.

The impact of this anomaly on the operation of the TV camera was

minimal. It was still possible to orient the mirror assen]bly to any

desired position. However, it was decided to conduct a failure analysis

of the retrieved azimuth ring gear because of the possible implications of

a potential effect of the lunar environment.

Examination of the azimuth ring gear revealed bent teeth and

evidence of associated wear in two locations. This is shown in the photo-

graph of the retrieved azimuth drive gear (Figure 12-14). The two locations

were 36 degrees apart. In one location, three teeth were worn; in the

second location, one and one-half teeth were worn.

It is noted that the difference between the two angular positions of

the mirror assembly, +3 and -27 degrees, at which problems occurred

during the Surveyor IIImission operations was 30 degrees, very close to

the observed 36 degree angular separation of damaged teeth, considering

all factors involved. Furthermore, the pinion of the motor driving the

mirror assembly in the azimuth gear ring and the gear of the azimuth read-

out potentiometer, both permanently affixed to the movable mirror assem-

bly, were also displaced from each other by 36 degrees. The pinion and

the gear can be seen in Figure 3-26 of Section 3.
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DEFORMED 
TEETH 

GALLING / 
Figure 12-14. Deformed and Galled Teeth of Azimuth Drive Gear Train 

Recons t ruc t ion  of the orientation of the  m i r r o r  a s s e m b l y  within the 
az imuth  d r ive  g e a r  r ing in  the position of the r epor t ed  anomaly revea led  
tha t  one of the worn a r e a s  of the azimuth r ing  gear':: c lose ly  co r re sponded  to  
the posit ion of the m o t o r  d r i v e  p i n i o n  when the  m i r r o r  w a s  i n  the r epor t ed  
+ 3  d e g r e e  az imuth  orientation. Hence, it appea red  tha t  th i s  anomaly w a s  
a s soc ia t ed  with the contac t  between the m o t o r  d r ive  pinion and the obse rved  
worn  and bent r ing  g e a r  teeth.  At that  t ime ,  the poten t iometer  g e a r  w a s  
probably in d i r e c t  contac t  with the second obse rved  worn a r e a  on the g e a r  
teeth, 36 d e g r e e s  away. S imi la r ly ,  the  second r epor t ed  anomalous  angular  
posit ion of the m i r r o r  a s s e m b l y  probably c o r  responded t o  the poten t iometer  
g e a r  d i r ec t ly  in contac t  with the f i r s t  of the two above worn a r e a s .  

It w a s  a l s o  noted that the two reg ions  of the  worn and bent t ee th  of 
the r ing g e a r ,  permanent ly  affixed to the  c a m e r a  body, w e r e  in a n  uphill  
posit ion dur ing  luna r  opera t ions  of the c a m e r a ,  which w a s  mounted on the 
Surveyor  in a t i l ted position about 2 3  d e g r e e s  f r o m  the ver t ica l .  
the  m o t o r  pinion o r  the potent iometer  g e a r  w a s  i n  contact  with t h e s e  worn 
and bent  tee th ,  the anomalous  behavior of az imuth  stepping opera t ions  was  
aggrava ted  by the l a t e r a l  f o r c e s  resul t ing f r o m  the m i r r o r  a s s e m b l y  weight,  
ac t ing  through i t s  c e n t e r  of gravity.  

When 

The clearance bctwcen thc m o t o r  



pinion and the azimuth gear or between the potentiometer gear and the
azimuth gear, would thus be reduced. This uphill position of maximum
interference, coupled with the defective azimuth teeth, could readily
explain the observed anomaly, even though in prelaunchtests with the
azimuth ring gear horizontal such an occasional failure to respond to
azimuth commands had not been noticed.

The above findings appeared to localize the nature of the anomalous
readings as being associated with the observed bent and worn teeth of the
azimuth ring gear. Efforts to determine the origin of this defect were
then initiated.

Examination of the returned motor pinion and potentiometer gear
revealed no anomalies, suggesting that the defects in the azimuth ring
gear were of an earlier origin. A systematic review of records and test
history was then conducted.

It was discovered that two TFRs had been written in 1966 on the
azimuth operation of this mirror assembly, indicating anomalous opera-
tions. One TFR had resulted in the replacement of the potentiometer,
whereupon it was found that the potentiometer shaft was bent. The damage
was assumed to have been caused by misalignment during the assembly.
The second resulted in the replacement of the motor assembly, and poor
operation was attributed to worn parts inside the motor. Following the
replacement of these two parts, the mirror assembly functioned in accor-
dance with specifications in all subsequent tests. These anomalies were
reported after the camera had already been installed on the spacecraft, so
the above procedures and corrective actions were taken after the examina-
tion of the mirror assemblyremoved from this camera, Since the compo-
nents of the mirror assembly were suspected, no detailed diagnostic exam-
ination or tests were conducted on the azimuth ring gear itself, which had
remained affixed to the body of the camera on the spacecraft. Only system
level functional verification tests of the camera were conducted later.

At this point of the failure analysis, it was suspected that the ring
gear was already in its present damaged condition when the above mentioned
replacements were made on the spacecraft in 1966. A further examination
of the records indicated a number of likely, albeit speculative, occurrences
which might explain the origin of this deformation of the azimuth gear teeth.
The camera log book indicated at least four vibration tests before January
1967 and two additional vibration tests during 1967. The bending of the
shaft, which occurred following one of these vibration tests, might suggest
that a severe jolt was received. It should be noted that in all of these
vibration tests the position of the mirror assembly was nearly the same
as that corresponding to the +3 degree position of the mission anomalies.
It appears likely that the defect in the azimuth teeth occurred during one
of these tests and remained undetected as a result of the procedures
described above. The fact that the relatively weaker potentiometer shaft
was bent, while the motor pinion shaft was apparently undamaged, further
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substantiates this hypothesis since relatively greater degradation was

found on the azimuth ring gear teeth opposite the location of the motor

pinion: the yielding of the weaker potentiometer shaft would tend to lessen

the damage to the ring gear at that point.

In view of these findings, it was concluded that the anomaly was

attributable to an undetected prelaunch condition of the azimuth ring gear.

Lunar operations may have aggravated this condition somewhat, particu-

larly in view of the effect of the forces of gravity in the tilted camera

position, noted above, and partially because of a possible increase in the
wear of the surfaces in contact. Such additional contributions of the effect

of the lunar environment would be secondary, however. It is not con-

sidered that this anomaly has any particular significance for future

applications.

12. 9. 3 Broken Safety Wire of Filter Wheel

Examination of the filter wheel subassembly, discussed in

Section 5. 3, revealed a symmetrical scratch pattern on one of the filter

wheel gears (Figure 12-15). It was also observed that a nearby safety

wire was broken. The wear pattern indicated that the scratches were

caused by this broken safety wire as it retraced many times over the sur-

face of the filter wheel during the lunar operations.

From examination of the safety wire, it was concluded that this

anomaly was attributable to an original installation of handling defect.

Excessive twisting or bending either caused this break prior to flight or

weakened the wire to the point where it failed during subsequent operations:

during vibration tests prior to launch, during the launch phase, during the

landing, or during the lunar operations.

It is not believed that the lunar environment played any role whatso-

ever in this anomaly. Scratches on the filter wheel indicated that the

camera operated after the break occurred. This anomaly was therefore

considered to be of no consequence either to the camera or to future

applications.

12. 9. 4 Detached Back of Azimuth Potentio_zleter

When the azimuth potentiometer was removed from the retrieved

camera, it was observed during the initial electrical and visual examination

that the potentiometer was partially disassembled. The three screws which

retained the back cover and bearing assembly had apparently been forced

out. The back cover and bearing assembly were now free, and the shaft

assembly was unrestrained.

Further examination revealed that the potentiometer was apparently

damaged during the dzsas_eL1_y, _L L1=u _==_ necessary to _._-:_._out a pln

holding the gear onto the shaft. This occurred inadvertently in the process

of the disassembly of the retrieved camera. Awobble in the drill during

the removal of the pin caused a substantial force to be exerted on the back
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Figure 12-15. Scratch Marks on Filter Wheel Gear Caused by Broken Safety Wire (Photo 4R15019) 

plate ,  t ea r ing  the t h r e e  s c r e w s  f r o m  t h e i r  p las t ic  re ta iner .  At tha t  t i m e ,  
o r  subsequent ly ,  the  pickup w i r e  was bent  because  the personnel  handling 
the  poten t iometer  w e r e  not a w a r e  of the f ac t  tha t  the back w a s  loose.  A s  
a r e s u l t ,  the  shaf t  a s s e m b l y  w a s  f r e e  to  shif t  backward, t he reby  deforming  
the pickup wire .  
e i t h e r  end of the  poten t iometer  winding. 

An open c i r cu i t  thus developed between the w i p e r  and 

Since th i s  anomaly  w a s  de te rmined  to  be s t r i c t ly  a t t r ibu tab le  to 
fau l ty  d i s a s s e m b l y  .operations,  it was cons ide red  of no  s ignif icance e i t h e r  
tc? the r2meI -2  “I- tc futcre appl icat iecs .  
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