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Section 5

RELIABILITY

5.1 SUMMARY OF YEAR ENDING 31 DECEMBER 1962

5.1.1 Establishment of Standards and Techniques

The function of the Apollo Reliability group at Kollsman was
to assure the reliability of the product, by establishing standards
of workmanship, techniques of manufacture, techniques and standards
for the measurement of achieved reliability, and by indoctrinating
project personnel with Reliability concepts and Reliability con-
sciousness.

5.1.2 Preparation of Reliability Plan

During this period the Reliability Plan was prepared, revised
and re-submitted to MIT/IL for final approval. 1In view of the
considerably increased scope of work proposed subsequent to that
estimated in the initial proposal, a study was initiated to de-
termine what additional facilities and/or equipment were necessary
to fulfill the Reliability requirements of the program.

The Reliability Milestone Chart is shown in Figure 5-1.

The Reliability Group's function was a program of determining
reliability requirements through reliability analyses, environmental
analyses, design review, test planning and selection of parts and
materials for the Apollo Optical Subsystem.

5.1.3 Assignments

Work was performed during this period against the following
MIT Technical Directives:

TD K3 - Reliability Implementation Plan

TD K-1l1 - Vendor Reliability and Quality Coatrol

TD K-20 - Failure Reporting System

TD K-28 - Reliability Analysis

TD K-29 - Reliability Test and Evaluation

TD K-30 - Reliability Training

5-1
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The long range effort of the Reliability Group was broken
down into the following major categories, projected on the mile-
stone chart (Figure 5-2):

Reliability Program

Parts and materials selection and application

Parts and materials testing

Reliability analysis

Environmental analysis

Design review

Failure reporting

Quality Assurance coordination

Data center

Reliability demonstration

Operational reliability

Training

Progress was made on all phases except Reliability demonstra-

tion and Operational reliability which were not due for action
until the third quarter of 1963.

5.1.4 Accomplishments

-

The Reliability Implementation Plan was completed and submitted
to MIT for review and approved in accordance with TD K-3. A study
was initiated and completed to determine the additional facilities
and equipment necessary in view of the increased scope of effort.
The reliability work performed was as follows:

A o2 b Lr o el T s

10 TD K"'ll

Training of purchasing department representatives and poten-
tial beryllium vendors in reliability requirements was inaugurated
through two training sessions conducted in collaboration with the
Quality Assurance Department's training program. Promoting better
understanding of the high reliability requirements for purchased
items increased the overall effectiveness of the procurement pro-
gram. At the vendor training session 19 vendor representatives
covering 9 companies were present.

¥ 4 Three beryllium vendors were surveyed and evaluated favorably: §
3 American Beryllium Corporation, Sarasota, Florida, American

Precision Industry, Buffalo, New York, and Reeves Instrument
Corporation, Garden City, New York. Fish-Schurman, New Rochelle,
New York, was approved as a supplier of optical glass. Approval

5-3
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as a processor for vacuum deposition of anti-reflective coatings
was withheld from Fish--Schurman because of their reluctance to
conform to process control requirements.

Review of problems and requirements in providing a high pre-
cision resolver was held at Eclipse Pioneer Division of Bendix
Corporation at Teterboro, New Jersey. This resolver was in the
breadboard stage. As very little informaticn was available with
regard to reliability, a number of Quality problems were quite
evident and of great concern.

Qualification testing philosophy was reviewed in detail at a
meeting at MIT/IL on December 4, conducted by Mr. G. Mayo. 1In
line with the objective to eliminate duplicate test effort on parts
and materials used by more than one participating contractor,
Kollsman was assigned the responsibility for drawing up test plans
for rotating components, materials and glass. This program utilized
results of the environmental studies already conducted and was of
great value in planning tests of other portions of the optical sub-
system.

Initial test plans for motor-generators were suspended and the
purchase order fcr 12 units recalled when the sextant design was
held up. The plans were updated to conform to the latest test plan
philosophy and to consider more recent environmental data. The
motor generator was retained in the new sextant design and a spsci-
fication control drawing was completed for the purchase of those
motor-generators for qualification testing.

The Reliability Data Center was in operation and contained
files of engineering references, specifications, reports and reli-
ability information. The first set of reliability abstracts was
veceived from NASA. A "Reliability Data Summary"” form was insti-
tuted and maintained in the Data Center as the prime source of
reliability information on each part of the optical subsystem (see
Figure 5-3).

Coordination with Quality Assurance was maintained on a cun-
tinuous basis. Noteworthy actions along these lines were co-
ordinated in preparation of the failure reporting system, the
purchased items training program, and vendor surveys, conducted
primarily by Quality Assurance.

The preliminary plan for the Apollo Failure Reporting System
was submitted to MIT for review and approva’. This plan incorpor-
ated aspects of the A.C. Spark Plug failure reporting system that
required action by Kollsman as established at a coordination meat-
ing held by ACSP. It also showed the details of the system for
reporting failures that might occur at Kollsman and the procedure
for obtaining effective corrective action. KXollsman prepared the

5-5
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internal failure reporcing on a report form designed for internal
processing. Failures from the field or final acceptance testing
were coordinated between ACSP and Kollsman by the ACSP MIL 1352
form.

3. TD K-28

An initial Reliability Analysis of the Sextant was performed
utilizing failure rates received from MIT and mechanical failure
rates taken from, "Reliability Application and Analysis Guide
MI-60-54, Revision 1, July, 196l1", The Martin Company, Deaver.
This analysis resulted in the following reliability estimate for
the Sextant:

Operating Failure Rate Reliability
Mode /1000 Hrs. for 27 Hr. Oper.

Star 2.32 .99937

Star and Landmark 3.26 .99912

This estimate was revised to reflect the latest redesign in
the Sextant. The reliability apportionment for the Sextant and
Telescope is .9985 as specified by MIT/IL.

Improved reliability models were developed for the sextant
and telescope as additicanal design data became available (figures
5-4 and 5-5). These models served as a basis for new reliability
calculations and were a major consideration in establishing the
reliability test program. Possible modes of failure, the effects
of failure on operating modes were studied and constituted further
factors in test planning and reliability improvement. 1Included in
these studies was an error analysis where the effects on system
performance were evaluated as a result of combinations of electri-
cal, mechanical, and optical errors for worst case analysis. A
reliability analysis form (figure 5-6) was used for these evalua-
tions.

An outline of environmental influences, to whichk the Optical
S/S was sukbjected, was based upon existing engineering data for
similar spare application znd for various published sources. The
infermation was required for use in the selection of materials and
parts; the performance cf design review; aid to design engineers
in application; and to a lesser extent, background data to pros-
pective vendors and suppliers.
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An extensive thermal analysis was performed to accurately
define subsystem temperature levels and their effects on per-
formance and life characteristics.

The Reliability Group participated in five design review
meetings and in engineering planning meetings. Items covered in-
cluded change in material from AlS51 416 to AlS51 440 Stainless
Steel, selection of optical glass to resist discoloration from
gamma radiation, final packaging of the Optical Subsystem, heat
treatment requirements, and dimensional tolerancing. A design
review checklist was developed as an aid to design engineers in
preparing the original designs and as a further aid in design
review. The checklist points out such considerations as corrosion
resistance, thermal coefficients of expansion, stress distribution,
locking devices, thermal effects, strength and resiliency.

Reliability models and calculations were continued and
refined as new design and performance information became avail-
able. Error analysis and failure effect analysis were included in
the calculations.

The thermal analysis was continued and a detailed study of
vibration and acceleration effects was started concurrently with
the thermal analysis to facilitate design completion and to de-
termine areas requiring reliability improvement.

The qualification test program was outlined and plans
generated for testing of rotary components, materials, and optics.

Vendor indoctrination in reliability followed by vendor sur-
veys evaluations was continued in cooperation with Quality
Assurance,
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SUMMARY OF YEAR ENDING 31 December 1963

Assignments

TDK-11
TDK-28
TDK-29
TDK- 30
TDK-42

TDK-48
TDK-60
TDK-61
TDK-62

TDK-76
TDK-79

TDK-80

TDK-81

TDK-83

TDK-103

Vendor Reliability and Quality Cont:ol
Reliability Analysis

Reliability Test Evaluation
Reliability Training

Design Evaluation and Qualification Test
Program

Shipping Container Design
Thermal Analysis

AGE 2 Mechanical Integrity Test
Stress Analysis

Failure Reporting System

AGE 1 and 2 MDV Mechanical Integrity and
Thermal Analysis

Part Qualification Test Program (replaces
TD's 29 and 42)

Optical Navigational Base Assembly Shipping
Container and Cradle

AGE 1 Optical Subsystem Thermal/Vacuum Tests
Fabrication of four 0SS Shipping Containers

TDK-11 Vendor Reliability and Quality Control

a. Description of Effort

During the reporting period work continued on this TD,
which was initiated in 1962, authorizing work to be pexrformed as
support to MIT Design and Reliability in the selection of component
parts and materials for the Optical Subsystem. This effort in-
ciuded review of available data, vendor surveys and approval of

initial evaluation of parts, deterxraination of inherent

weaknesses and/or failure mechanisms of parts, institution of cor-
rective action procedures, recommendations for parts improvement,
preparation of procurement specifications and/or SCD's, recommend-
ations for control of critical items, recommendations for burn-in
and screening tests, and planning for qualification tests of parts.
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b. Accomplishments

Vendor surveys on potential suppliers of parts and mater-
ials for the Optical Subsystem continued. As a continuing effort,
components furnished by vendors not in accordance with the original
drawing specifications were submitted to the Material Review Board
(MRB) and reviewed by Reliability in conjunction with Project Engi-
neering and Quality Assurance to determine acceptance or disposi-
tion of rejected parts.

Specification changes submitted to MIT via waivers were co-
ordinated and reviewed by Reliability in conjunction with Project
Engineering and Quality Assurance to determin& the acceptability of
the deviations and their effect on other areas.

A comprehensive review of all MIT/IL approved waivers was
initiated. The purpose was to i stitute and effect corrective
action in sufficient time for Block II effectivity.

c. Problem Areas

There was a need for additional funding for a keliability
Audit effort. This effort was extremely important in view of the
fact that (1) the Parts Qualification Test Program involved various
parts, for which quality waivers (to ND 1015404) had been affected,
and (2) parts procurement for deliverable and flight hardware were
accomplished by separate buys or lots.

5.2.3 TDK-28 Reliability Analysis

a. Description of Effort

This TD initiated in 1962 authorized a reliability analysis
to be performed on the Optical Subsystem. This effort included
failure effect, environmental studies, design review, reliability
predictions and assessments.

b. Accomplishments

A quantitative reliability analysis report for the 0SS and
MDV was updated to include latest system configuration and included
an initial prediction, a maintainability analysis, functional block
diagrams for the 0SS and MDV, and an appendix which described a
method for analyzing the combined statistical behavior of electri-
cal and mechanical parts. Because of significant changes in oper-
ating times, checkout policies, and overall repair cycle time, the
maintainability and availability results wer: updated.

Design reviews on the MDV and 0SS were attended by Reliability

and recommendations were made in accordance with findings from the
reliability and environmental analyses.

5-13
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5.2.4 TDK-29 Reliability Test and Evaluation

a. Description of Effort

Prepared detailed test plans pertaining to reliability
tests and evaluations. Submitted completed test plans to MIT/IL
for review and approval. Planned and designed test equipment,
test fixtures and associated equipment necessary for reliability
evaluation and test of optical subassemblies and parts; also for
subsequent qualification test of the complete optical system,

b. Accomplishments (see Table 5-1)

Test plans governing the qualification programs for parts
and subassemblies were submitted to MIT/IL. Test procedures for
qualification testing of the parts, assigned as Kollsman respon-
sibility, were written. The test plans submitted to MIT/IL were
used as a basis for the test procedures. Complete sets of test
equipment (MDV console and functional tester) were manufactured
for Reliability qualification use, An additional total of 23 test
fixtures were designed and checked -prior to their release for manu-
facturing.

Four test fixtures which were completed underwent design
changes due to a change in test concepts. Designs of cables for
environmental chambers (vacuum, humidity, etc.) were completed.
In Table 5-1 is a list of the completed overall status of the
Reliability Test fixtures.

c. Implementation of TDK-80

TDK-80 (which redefined the qualification test program
specified in TDK~42) was submitted to NASA/MSC and MIT for review
and approval. The new proposal showed manloading, facility and
equipment needs. Each item was treated individually and the effort
that was authorized. The revised scope shown in TDK-80 was sup-
plemental to the existing reliability program.

Approval ¢£f TDK-80 was required before the end of the re-
porting period to avoid the following:

a. A duplication of effort in equipment design.

b. Higher costs in piece parts if separate buy orders were
required.

¢. Unnecessary loss of time in achieving qualification ob-
jectives.

d. Additional environmental equipment was required (to sup-
plement KI equipment) to implement the effort specified
in TDK-80: They included:three small vacuum chambers,
one shock tester, and associated instrumentation.
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Table 5-1

Reliability Test Fixture Status

Fixture '
Numbers Description Design Fabrication
IN Compl. IN  Complete
10-23330-0091 Thermal Vacuum 0SS X X

0111 Humidity - 0S5 X X

0093 Thermal Vacuum- MDV X X

C094 Humidity - MDV X X

0090 Vibration -~ 0SS X X

0103 Shock (Y-Y Axis) 0SS X X

0112 Shock (X-Y Axis) 0SS X X

0194 Shock (Z-Z Axis) 0SS X

0092 Vibration - MDV X X

0117 Shock ~ MDV X X

0115 Vibration - Fixed Mirror X X
& Beam Splitter

0113 Shock - Fixed Mirror & X X
Beam Splitter

0112 Thermal Vacuum - Fixed X
Mirror & Beam Splitter

0116 Humidity - Fixed Mirror X X
& Beam Splitter

0118 Vibration - 0bj. & Inter X X
Lens Assembly

0124 Temperature & Thermal X X
VacuumOObj. & Inter-Lens

0114 Humidity - Obj., & Inter X X

Lens Assy.
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Table 5-1 (Cont'd)
Fixtures
Numbers Description Design Fabrication
IN Comp., IN Complete
10-23330-N0121 Vibration - Double X X
Dove Assy.,
0120 Vibration - Trunion X X
Axis Assy.
0123 Thermal Vacuum SXT X X
Head Index Assy.
0128 Test - Resolver X
(1 X 64)
0130 Shock - Resolver X
(1 X 6u)
0129 Thermal Vacuum- X e
Resolver (1 x 6u4) haid
0082 Vibration - Motor X X
-Generator Size 11
0125 Jhock =-Motor Generator X X
Size 11 :
0126 Thermal Vacuum M-G Size 11 X X
0127 Humidity-motor gen.size 11 X X
00895 Vibration-Motor Size 8 X X
0136 Vibration -Counter Angle X X
0137 Shock-Counter Angle X X
0183 Thermal Vac-Counter Angle X X
0138 Humidity-Counter Angle X X
0135 Adapter-Counter Angle X X
0139 Vibration-Differential X
-

e creesn 5610
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Table 5-1 (Cont'd)

Fixtures
Numbers Description Desipn Fabrication

IN Comp, IN, Complete
10-23330--0140 Shock - Differential X

0141 Thermal Vac.-Differen- X
tial

0142 Humidity - Differential X X
0182 Vibration-Slip Clutch X X
0184 Thermal Vac.-Slip Clutch X X
0185 Humidity-Slip Clutch X X
0186 Vibration-Overrunning X X
Clutch

0143 Vibration-Proj.lens X

0180 Thermal Va.Proj.lens X

0181 Humidity Projection Lens X X
0109 Vibration-Cartridge Assy. X X
0132 Shock -Cartridge Assy. X

0133 Thermal Vac.-Cartridge X

0108 Vibration-Resolver Size § X X
0119 Vacuum & Temperature Stand X X
0131 Dummy Sextant Load X X
0190 Adapter for Ultradex Table X X
0190 SXT Head Adapter for X X

Ultradex Table

0134 Resolver Holding Fixture X X
0210 Optical Pier for General Use X X
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5.2.5 TDK-30 Reliability Training

a. Description of Effort

This TD authorized the establishment of a Reliability
Training Program to provide for reliability indoctrination of
management personnel and training for engineering, field, quality
control, and manufacturing personnel.

b. Accomplishments

The reliability training session for field service person-
nel was held in two sessions. One day was devoted to an under-
standing of basic reliability principles and the reliability func-
tions being performed in the Apollo Program. Another day was de-
voted toward explaining the Failure Reporting and Corrective
Action System and the responsibilities of field personnel asso-
ciated with this system,

A reliability engineer was assigned to represent Reliability
in a field assignrent. This man received special training to main-
tain proper reliability cognizance in the field.

5.2.6 TDK-42 Design Evaluation and Qualification Test Program

a. Description of Effort

Design Evaluation and Qualification testing of the Apcllo
optics, major subsystem elements, and parts and materials defined
as a Kollsman responsibility as set forth in R 389A.

The procurement and the fabrication of test articles, test
equipment and fixtures pursuant to MIT's review and approval of
the test plans, procedures and test equipment and fixture design.

Assistance in the coordination of the Guidance and Navigation
System test program and participation in the Test Review Board.

b. Accomplishments

Summary sheets were submitted to MIT/IL, completing tne
list of all SCD items pertaining to Kollsman parts. Action was
taken by MIT/IL on 41 out of a total of 105 summaries submitted by
Kollsman. As a result of the review of all summary sheets, MIT/IL
recommended a list cf additional parts that were to be qualified by
Kollsman. When this list was received Kollsma:;. formulated test
plans. The qualification of the ball bearings were handled sepa-
rately and the following ball bearings were selected for test:
1011608-3, 1011608-4, 1011612, and 1011607-2.

5-18
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There have been five meetings of the Test Review Board todate,
Kollsman submitted test plans to MIT/IL covering parts and sub-
assemblies that were designated as Kollsman's responsibility for

qualification.

Temperature shock tests were conducted on two double dove
prisms., They were tested at -100°F for two hours and within five
minutes transfer time, placed in a chamber at +250°F for a two
hcur period. Three such cycles were completed. The conclusions
inlicated that an air cured process of the optical cement was not
detrimental to bonding of the optical test items.

A total of 13 test fixtures were received and a total of 30
wera released to manufacturing.

The thermal vacuum chamber was received at Kollsman and was

installed. Acceptance tests on the solar simulator (Kollsman fur-
nisned equipment) were completed.

5.2.7 TDK-~48 Shipping Container Design

a. Description of Effort

This technical directive authorized the 1lesign and pre-
par:ation for manufacture of shipping containers to protect the
Opt.ical Unit and the Map and Data Viewer when exposed to trans-
por+ation, handling, and storage environment.

Four containers were fabricated for the Optical Unit to meet
del .very dates for the first four assemblies. This effort was
conducted in conjunction with TDK-81, which authorized the design
and fabrication of an Optics-Navigation Base Shipping Container,
for shipping the remaining Cptical Units,.

b. Accomplishments

Procurement specification 1019700 (Optics Shipping Con-
tainer) and 1019721 (MDV Shipping Container) were approved. Pre-
liminary layout drawings for the Optics container and MDV container
were approved, NASA drawings for the Optics container were fi-
nalized., Fabrication of MDV containers was completed,

5-19
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5.2.8 TDK-60 Thermal Analysis

a. Description of Effort

This technical directive authorized the performance of a
thermal analysis of the Optical Subsystem to determine temperature
conditions of selected critical subsystem elements for hot and
cold orbits. In addition, it was intended to provide support for
the testing of the AGE-1 Optical Suvbsystem, and to provide support
to MIT/IL for evaluation of certain thermal variables such as form
factors and heat exchange between selected surfaces.

b. Accomplishments

The combined steady-state analysis of the Apoilo Optical
Subsystem was completed and a report written. The detailed tran-
sient analysis was started. Negotiations were initiated with a
computer facility for solution of the transient eguations after all
the terms were developed.

The temperature profile resulting from the combined steady-~
state analysis provided a basis for the selection of finishes for
component parts, and for the subsequent detailed analyses for the Nom?
Jetermination of optical efficiency under extreme environmental
conditions.

Temperature nodes were assigned for the detailed transient
analysis. All equations were written and approximately 35% of
the terms to be entered in the heat transfer equations were de-
veloped.

c. Problem Areas

From the resultant temperatures an optical efficiency
analysis was performed to determine whether or not the thermal
gradients induced an error exceeding the prescribed tolerance.

The results of this analysis led to a time dependent mode of oper-
ation to limit extreme temperature cycling.

5.2.9 TDK-62 Optical Unif Stress Analysis

a. Description of Effort

This technical directive authorized a vibration analysis
of the Optical Unit to determine the dynamic behavicr of selected
elements of the assembly. 1In addition, evalua.ion of unusual and
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excessive shock loading on the Optical Uni-, imposed during earth-
landing, were conducted, specifically in terms of the effect on
crew safety requirements. These analyses were used to determine
critical areas, and aided in dete - points of measurement for
the AGE-2 mechanical integrit+ __.. . K=61) .

b. Accomplishments

Further investigation of the Optical Unit-Navigation Base
mounting bolts was conducted. Based upon the results obtained,
it was determined that stresses in the bolts during earthlanding
would exzeed the ultimate stress. Although the analysis was highly
conservative, higher strength bolts were indicated. A report on
this analysis was prepared.

The following reports were prepared and issued:

1. Natural frequency determination of telescope as a beam.

2. Natural frequency determination of the sextant and
telescope, supported by the shaft axis bearing acting
as springs.

3. Natural frequency determination of the workshaft on
the telescope, and the maximum stresses likely to
exist during vibration.

Evaluation of the Optical Unit test conditions continued.
Evaluation of test data analysis techniques were initiated. An
inertia study of the Optical Unit was completed.

5.2.10 TDK-61 AGE-2 Mechanical Integrity Tests

a. Description of Effort

This technical directive authorized mechanical integrity
tests of the AGE-2 Optical Unit. Specifically, the work authorized
consisted of preparation of & test plan; design and fabrication of
test fixtures; conducting of tests; recording and analysis of data;
and submission of final report.

b. Accomplishments

A revised test plan (revision #3) was prepared and submit-
ted to MIT/IL for approval. This document included requirements
for steady state acceleration, vibration, shock, an” acoustic
testing of the Optical Unit, as well as steady ste ‘2celeration,
vibration, and shock testing of the MDV (as .iuthoi = . by TDK-79).
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Fabrication of test fixtures and ain evaluation of the vibration
exciter system and acceleration and strain measuring instrument-
ation was continued. The detailed test procedure and evaluation of
acceleration and strain measuring instrumentation was completed,

5.2.11 TDK-8l1 Optics-Navigation Base Assembly Shipping and
Handling Container

a. Descriotion of Effort

This technical directive authorized the design and manu-
facture of a shipping and handling container for transporting and
storing either the Optics-Navigation Base Assembly and a handling
fixture, or the Optical Unit with a dummy navigation base and
dummy handling fixture. The container was capable of protecting
the Optics-! ivigation Base Assembly and other critical items (iso-
lation moun.s) from the transportation shipping environments speci-
§§Ed1;2 Apollo Environmental Criteria Specification, dated March

’ 3.

Sixteen containers were built, the first of which was for
gualification tests. These containers replaced the ones designed
under TDK-48.

b. Accomplishments

Procurement specification 1019720 was approved. Detailed
design information (weights, center of aravity, mounting methods,
etc.) was determined.

An interface control drawing of the Optics-Navigation
Base configuration was prepared and submitted to MIT/IL and ACSP.
This drawing presented the outline requirements to ACSP for ac-
commodation of the assembly to the ACSP transportation cart. 1In
addition, the drawing was used as a basis for the design of the
shipping and handling containers. A preliminary procurement speci-
fication was prepared.

5.2.12 TDK-83 AGE-1 Optical Subsystem Thermal-Vacuum Test

a. Description of Effort

This technical directive authorized design-evaluation
testing of the AGE-1 Optical Subsystem, which included thermal-
vacuum and humidity.
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Accomplishments

1.

Fixtures
The following fixtures were fabricated.

a) 10-2333-00091 Thermal Vacuum, OSS Holding Fixture
b) 10-2333-00111 Humidity, OSS Holding Fixture

Chamber

The chamber was installed in the Kollsman test area
under Kollsman and vendor supervision to assure con-
formance to all design specifications, see photograph
in Figure 5-7.

Appropriate revisions in the design of the chamber
were evaluated to expand the number of electrical
hookup points in twc additional ports. Determination
of heating and/or insulation of the chamber partition
to simulate C/M structural heat input to the 0SS was
made. Internal and external cable assemblies were
fabricated.

The heat exchanger and coclant material, in Kollsman's
possession, were awaiting initial trial runs. Cogni-
zant MIT personnel were contacted to provide proper
consultation in this area. 1In addition, appropriate
hydraulic lines, used in the AGE-1 test, were de-
signed. :

Optics and Optical Determinations

Optical equipment, to be used in the thermal vacuum
tests, both preliminary (bench evaluation) and final
(in test chamber) were acquired. This equipment in-
cluded five Wild T-2 theodolites, one K & E alignment
telescope; two K & E collimators with autocollimation
attachments; Beck optical bench and accessories; and
two K & E precision theodolite test stands.

Bench evaluation studies established optimum pro-
cedures for optical metrology employed in OSS testing
were performed, see photograph Figure 5-8.

The detailed test procedure and test set-up was writ-
ten. The design of the optical piers was completed,
approved and fabricated.
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The requirement for optical benchmarks was directed
toward the incorporation of a sophisticated determin-~
ation of a precise optical reference. The design of
several 12" optical port adapters to be used in the
AGE 1 testing was accomplished. The use of the 5"
autocollimator was established as an alternate to the
SXT theodolite.

A demonstration of the capabilities of the solar
simulator was completed. 1In addition, the calibration
of the exposure meter was performed. An investigation
of FTE to be used in bench alignment of the 0SS was
pursued,

Various adhesive samples (used for bonding required
sensing devices to appropriate surfaces) were investi-
gated to determine temperatures and deflections were
selected as suitable for the contemplated testing. A
preliminary invnstigation of optical me‘hods to est-
ablish equipment movement under dynamic equilibrium
was made.,

5.2.13 293-79 AGE-1 and -2, MDV Thermal Vacuum and Mechanical
Integrity Tests

a. Description of Effort

This technical directive authorized design-evaluation
testing of AGE-1 and -2 MDV which included (a) thermal-vacuum and
humidity and (b) vibration, shock, and acceleration.

b. Accomplishments

The design of all fixtures for both design evaluation
tests was completed. The fabrication of fixtures listed below was
completed.

1. 10-23330-0093 Thermal Vacuum, MDV Holding Fixture

2. 10-23330-0094 Humidity, MDV Holding Fixture

3. 10-23330-0092 Vibration and Acceleration Fixture, MDV
and Shock Z-2Z.

4. 10-23330-0117 Shock, X-Y, Y-Y axes.
The detailed test procedure for the MDV Thermal Vacuum test

was completed. The MDV functional tester was assembled and com-
pleted January 15, 1564.
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The cables required for hookup between the functional tester
and the various test items (AGE 1 & 2, and various subassemblies)
were fabricated. Thermocouple wire for use in the thermal vacuum
tests was being evaluated for suitability.

5.2.14 TDK-76 Failure Reporting System (Data Center)

a. Description of Effort

This TD authorized the implementation of the failure re-
porting system and the establishment of a Data Center for acqui-
sition, and processing of all data generated for the Optical Sub-
system and MDV,

b. Accomplishments

Failure reporting systems, during both manufacturing and
field operation phases, were coordinated by the creation of a
failure committee and documented by a Kollsman Apollo Standard
Practice Instruction.

To evaluate courses of corrective action, reports on location
of all test data and person responsible for currency of data were
developed. Other aids were planned.

An EDP tabulation of every part number, next assembly number,
quantity/assembly, next higher assembly number, TDRR number, revi-
sion letter, proposed change number and reliability data was
generated and updated.

5.2.15 TDK~103 FAB. 4 0SS Shipping Containers

a. Description of Effort

This technical directive authorized the fabrication of
4 Optics Shipping Containers designed under TDK-48.

b. Accomplishments

A one-container system (inner and outer containers) was
fabricated. Preliminary drop tests were conducted as follows:

1. 1l7-inch flat drop of containers system on concrete.

This drop height was approximately twice that speci-
fied in MIL-STD-810, Method 516, Procedure III, and
produced an impact velocity approximately 40% greater
than required. Oscillograph r-cords of the transmit-
ted shock, measured by 2 accelerometers adjacent to
the mounting points of the dummy unit on the Ycm axis,
showed a peak acceleration of 7qg.




KOLLSMAN INSTRUMENT CORPORATION

27 inch edgewise drop of container system on concrete,

A 27-inch drop was the maximum obtainable without the
container falling over backwards., The peak acceler-
ation; measured by 2 accelerometers located as above,
was 5g at the "far" end and 3g at the "near" end.

3-inch edgewise drop of inner container.

The peak acceleration, measured by 2 accelerometers
located as above, was 7g at the "far" eund and 4g at
the "near" end.
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5.3 SUMMARY OF YEAR ENDING 31 DECEMBER 1964

5.3.1 C/M Reliability Plan

Assignment

Work was performed during this period against the following
MIT Technical Directives:

TD K-11 Vendor Reliability and Quality Control

TD K-28 Reliability Analysis

TD K-30 Reliability Training

TD K-42 Design Evaluation and Qualification Test
Program

TD K-48 Shipping Container Design

TD K-60 Thermal Analysis - Optical Subsystem

TD K-¢61 AGE-2 Mechanical Integrity Test

TD K-62 Stress Analysis AGE 2

TD K-76 Failure Reporting System

TD K-79 AGE-1 and 2 MDV Mechanical Integrity and
Thermal Analysis

TD K-80 Parts Qualification Program (excluding
facilities)

TD K-81 Optics-Navigation Base Assembly
Shipping and Handling Assembly

TD K-83 AGE-1 Optical Subsystem Thermal/Vacuum
Tests

TD K-98 Thermal Analysis - Optical Subsystem

TD K-103 Fabrication of four 0SS Shipping Containers

TD K-104 Failure Effects Analysis

TD K-122 LEM Reliability Analysis

TD K-127 Block II Reliability Program

After Novation occurrecd on the Apollo contract (July 1964), no
additional TDK's were issued.

5.3.2 TD K-1ll1 Vendor Reliability and Quality Control

a. Description of Effort

This TD, initiated in 1962, authorized work to be continued
thru 1964 in support of MIT Design and Reliability in selecting
parts and materials for the Opticai Subsystem.
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b. Accomplishments

All vendor components submitted to KB continued to be raeceived
by Reliability in conjunctior. with Project Engineering and Quality
Assurance determining disposition of parts. Potential supplier
surveys continued.

Reliability reviewed and coordinated all MIT/IL approved
waivers as well as specification changes via waivers submitted to
MIT.

The following items represent specific accomplishments under

1. The rotors of the Bendix 64 Speed Resolver Assembly, P/N
1011294 in the 0SS Sextant Trunnion Axis exihibited cracking or
checking of the Randac epoxy coating in the slot openings on the
machined 0.D. face. 1In someé cases the checking resulted in ex-
posing magnet winding wire. Environmental tests were initiated.
The test plan of the subject rotors included baseline test, ex-
posure to vibration, mechanical shock and humidity and then a re-
run of the baseline tests to determine the effect on function and
determine whether the fissures experienced any growth. Results of
these tests were reported as the tests were in progress.

It must be noted that Bendix Eclipse-Pioneer, the vendor, im-
proved the Randac operation and units produced subsequent to 11l
June, 1964 were per the E-P Randac Process Operation Sheet which
delineated the new process.

As previously reported, lead wire breakage and Hi-Pot failures
on the 101137 Resolver (Size 5) were attributed to the brush blocks,
procured by the vendor from a lower tier supplier.

Soldering controls, as initiated by Kollsman were established
by the vendor over his lower tier supplier. These controls elimina-
ted solder wicking of the lead wire which was the cause of failure.

Hi-Pot failure was caused by a "floating ferrule" condition
where the lead wire-brush ferrule was randomly positioned in the mold.
Close proximity of the ferrule to the case did occur, thus leading to
potential Hi-Pot failure. The vendor's supplier fabricated a posi-
tioning fixture Hi-Pot failure. The vendor's supplier fabricated a
positioning fixture which contributed to the proper positicaing of
the ferrule prior to molding. X-rays of each unit was performed by
the vendor to verify the propexr position of the ferrules. In addi-
tion, the vendor provided twc insulators at assembly of the resolver,
one on either side of the brush block.

2. The Star Tracker and hoxr.zon Scanner, which form part of the
Block II 0SS, reqguired the use of a photomultiplier to perform their
function. The photomultiplier chosen was the RCA C70129B, produced
for commercial use, by RCA's Lancaster, Pa., tube division. Units
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to satisfy Kollsman's requirements were <electively <hosen from the
production lot. A conference was held at che RCA facility on 16
June 1964 to discuss the Kollsman requirements for the photomulti-
plier. 1Included in the discussions were requirements for anode
dark current, special conditioning and delivery schedulcs.

Negotiations with RCA, Lancaster, Pa., on the 1012043 Photo-
multiplier Electron Tube continued. RCA had not completely satis-
fied all the technical and quality requirements. Negotiatiomns
continued until an impasse was reached, at which time MIT was
consulted. KI had attempted to impose welding specifications.

3. Concurrent with release of Block II nrocurement awards, and
recognition of the more stringcent requirements of Block II hardware,
Q.A. increased its efforts to verify the correctness of all awards,
both as to procuring from proper source and in a painstaking review
of applicable specifications. The result was an increased awareness
by suppliers of their responsibility in discharging their obligations
per contract and specifications. This, of course, was also accon-
plished by field trips to supplier facilities, joint negotiations
attended by participating contractors and suppliers, surveillance
and audits of suppliers Q.C. systems, and visits by invited sup-
pliers to Kollsman to resolve any areas of doubt cr conflict arising
from the purchase order and/or applicable specificaticns.

4. Specification changes submitted to MIT via waivers continued to
be reviewed and coordinated by Reliability. A comprehensive review
of all MIT approved waivers continued. The purpose of this review
was to institute and effect corrective action in sufficient time for
Block 11 effectivity. Additional effort was expended to accelerate
the completion of corrective actions as indicated in the waiver re-
quests. In addition, controls imposed by Reliability resulted in a
substantial reduction in new waiver requests.

5. Joint contractor negotiations conducted by Utrad Div., Hunting-
ton, Ind., revealed that this facility was severely lacking in many
aspects of high reliability component manufacture. The vendor was
not able to present much of significarnce in documentation to substan-
tiate process control over the manufacture of transformers. The ven-
dor did not control many raw materials inplant, nor impose any con-
trols over the suppliers. Quality of the item depended solely upon
the capability of the operator performing a function. No follow-up
survey was conducted to ascertain the effectiven~ss of the controls
that the vendor agreed to establish.

6. Kollsman participated in joint contractor negotiations with
Motorola Semioconductor Products, Inc., Phcenix, Arizona. Kollsman
negotiated the 1012056 Zener Diodes drawin~s. The vendor, in
Kollsman's opinion, did not comply with the intent of ND 1015404.

The vendor's representatives essentially declared all their processes
proprietary, including titles and revision status of all controlling
documentation. All processes were considered critical by the vendor.
The vendor refused to inform the purchaser of any change in a process
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- -
unless they deemed it a critical change to that process. The vendor
also took exception to the Spacial Conditioning requirements of the
SCD, which was to be negotiated. Kollsinan sought another source
more inclined to comply with Apollo requirements.

c. Problem Areas

1. One problem area suggested by Kollsman, and reviewed by MIT,

was to modify the stringent requirements of ND 1015404, relating to
the procurement of simple and inexpensive items. The imposition of
this specification on many vendors resulted in an adamant refusal to
oomply. Kollsman's efforts to secure compliance through personnel
contact and negotiations had not been successful. Securing other ven-
dors without regard to the QSL, had not been a successful alternativn.

2. Another problem area concerning ND 1015404 on more complex items,
was that after extensive negotiations with a vendor, it was not pos-
sible to secure full compliance. Many vendors ultimately reduced
their objections to ND 1015404 after rapport was established; however,
there were some requirements of this document which resulted in an
impasse with the vendor. It was suggested that MIT be informed of
the specific difficulty a particular vendor had in complying with

ND 1015404, wher, i :dllsman's opinion, all possible negotiations
had been exhaustai. fxleptions to ND 1015404 could then be initiated
via a TDRR, when al: woncérned were in agreement that difficulties dides
indeed exist, in order to finally and permanently resolve the problem.

Furthermore, when a particular member of the G &« N team was re-
sponsible for the qualification of a part, it was suggested that it
be that member‘'s responsibility to negotiate a vendor's excoption to
ND 1015404 in order to avoid duplication of cffort.

There existed a need for an explicit dcfinition on what condi—
.tions constitute waiver action, which resulted in a subjective inter-
pretation. This obviously reduced the variance of opinion that.
currently existed among personnel involved in waiver actions.

5.3.3 TD K-28 Reliability Analysis

a. Description of Effort

- The Optical Subsystem reliability analysis, initiated in 1962,
- continued,

b. Accomplishments

The Block II 0SS Star Tracker configuration was ravicwod and

. the error contributed to .the system from such sources as the photo-
multiplier tube, star signal and space-sky : ackground was estimated.

A final report covering the results of this analysis was prepared.

'Results indicated that a second order visual magnitude star could L

be tracked with a 9.4 arc second error about the null along each -
axis of a l0 cps systom bandwidth was used. o
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A detailed breakdown of both electrical and mechanical family
trees for the Block II 0SS was made. Environmental criteria
governing the operation of critical components of the Block II 0SS
confiqurations were reviewed and finalized. Specifications and
Specification Control Drawings for Block II 0SS compcaents were
reviewed in the course of design review meetings with Project
Engineering.

The initial phase in the generation of a reliability block
diagram was completed. It consisted of generating family trees of
all system elements which are active in the mathematical model and
the reliability block diagrams,.

Inputs from the Kollsman thermal analysis of the 0SS were
directed into the component stress analysis to modify failure rates
as agreed to by the MIT Reliability Assessment Group and Kollsman.

Design reviews on the 0SS and MDV were attended by Reliability
personnel and recommendations were made in accordance with findings
from the reliability and environmental analyses,

Kollsman reviewed all SCD's for completenzass of reliability,
environmental and burn-in data.

c. Problem Areas

Definitive system design for the Star Tracker and Horizon
Sensor required that certain parameters and values be resolved.
Among these unresolved matters were: specification of a system
bandwidth, space-sky background effect on system performance, op-
erating temperatures to which photomultiplier will be exposed
during the mission and mission duration of operation of the photo-
multiplier. These problems (especially the last twc continued to
seriously delay the design until inputs to resolve them were re-
ceived from MIT/IL.

5.3.4 TD K-30 Reliability Training

a. Description of Effort

Provided for reliability indoctrination of management person-
nel, reliability training for engineering, quality control, manu-
facturing and vendors closely associated with the design &nd fabri-
cation of Kollsman Apollo Prime Equipment. Developed and conducted
formal training programs within areas where special skills were
employed in the manufacture, inspection and process control of
operations and materials.
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b. Accomglisumenta

A review of training and motivation programs was completed.
Preliminary copies of this review were submitted to MIT/IL
Reliability. Each program was outlined in the following form:
Title, length, dates operated, attendees, instructor, syllabus, and
training aids.,

The motivation program titles were: (1) Reliability for
Management, (2) Systems Familiarization Training, (3) Project
Management Reports, (4) Overall Apollo Project Reports, and (5)
Astronaut Visits.

Training program titles included: (1) Failure Reporting
System, (2) Operating Time lLogs, (3) keliability for Field
Engineers, (4) Certification Program (implementation of NASA pro-
cess specifications), (5) Optical Requirements, (6) Clean Room
Requirements, (7) Reliability Films, (8) Inspector Training, (9)
Quality Requirements for NPC 200-2 and 200-3, and (10) Vendor
Orientation,

5.3.5 TD K-42 Design Evaluation and Qualification Test Program

a. Description of Effort

During the year reliability prepared detailed test plans per-
taining to reliability tests and evaluations and submitted completed
test plans to MIT/IL for review and approval. Reliability also
planned and designed test equipment, test fixtures, and associated
equipment necessary for reliability evaluation and qualification
test of optical subsystem.

b. Accomplishments

The qualification specification ND 1002037 was modified to
include parameters established as a result of information gathered
during the evaluation of AGE 1 and AGE 2.

The préliminary test plans for the subsystem qualification
were modified to include the Tracker, Horizon Sensor and other
Block II parts.

Since the qualification system was a Block 1I system, the
planning and philosophy of proper qualification testing were dis-
cussed by Kollsman, ACED and MIT/IL.

The Map and Data Viewer AGE-5 was successfully vibrated and
accepted in accordance with the FTM 1011559,
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A meeting was held between ACED and Kollsman personnel at
MIT/IL to formulate a combined 0SS and IMU vibration and mechanical
shock qualification test plan. A preliminary draft of the combined
vibration and mechanical shock test plan was submitted to MIT/IL.
These tests were performed at ACSP by Kollsman and ACSP personnel.
The plan calls for vibration and mechanical shock testing of the
Navigation Base with the 'MU and 0SS mounted on the Navigation Base
gimulating end item configuration,

The Qualification Specification ND 1002037 was modified by
MIT/IL to incorporate the changes discussed during the last Test
Review Board meeting. These changes affected the qualification
unit and incorporate more suitable tests.

% il TR S

It was decided by TRB during the earthlanding shock test that 4
simulated internal subsystem components be used with the actual ¥
external configuration.

The subsystem qualification test plan was modified to include W
the Job Description Cards and to show in detail the Final Test §
Methods and baseline measurements durinc qualification.

The partial conflict between the qualification document
ND 1002037A, (which wag modified by MIT/IL) with the Kollsman Work
Statement was eliminated.

Details of the functional tests performed on the Optical Sub-
system during the various phases of environmental testing was formu-
lated.

Assurance of MIT/IL allocation of enough GSE at ACSP was sought
so. that the combined tests were accomplished smoothly.

c. Problem Areas

The approval of a TD from MIT/IL to Kollsman authorized the
combined vibration and shock tests at ACSP was necessary. The
approval of a TD was required to authorize the writing of test .
plans, procedures and material costs, transportation of personnel,
equipment and the optical subsystem and cost of subsistence of
Kollsman personnel.

5.3.6° TD K-76 Failure Reporting System

a. Descrig;ion of Effort

Implementation of the failure reporting systems and the estab-
lishment of a Data Center for acquiring, processing, and interpreting
of all data generated on the Optical Subsystem and Map and Data
Viewer.
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b. Accomplishments (Failure Reports)

(1) Prime Hardware Failures - Period ending 23 June 1964

1011371 Resolver 1lx - failed 30 December 1963 - open
lead entering brush encapsulation - failed
at assembly level 1011471,

Corrective Action: Failure analysis requested 3
of Kearfott Division of General Precision
revealed: (l) variations in soldering brush
leads to resolver leads, and (2) variations
in placement of this joint in encapsulation
material. To fail, both wicking must be
present and wicking must extend from the
joint to a point outside the encapsulation.
X-ray of 100% of brush blocks, 10% sample
distruct test, brush lead pull tests, re- 3
solver lead pull tests, and improvement in
soldering technique by KD vendor should
prevent similar failures in the future.
Action complete.

1010610 Motor-generator - failed 3 February 1964 -
4 units due to axis error of 1.7 to 2.4
times maximum allowable - 1 unit due to
high starting voltage -~ failures noted after
50 hour burn-in.

i

Corrective Action: Kearfott Division of
General Precision added an additional test
of their own after burn-in to prevent sub-
mission of failed units to Kollsman source
inspection. Action complete.

1000160 Resolver 1léx, failed 10 February 1964 -
open winding due to mechanical cut occurring

during assembly - failed at assembly level
1011000,

Corrective Action: 50x photograph of
location of failure given to Quality
Assurance to use as an example of the
necessity of improving handling due to the
exposed windings of the 1l6x, 64x, and lx
resolvers, Action complete.
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1011309 Clutch, slip -~ failed 18 February 1964
4 failed due to low or no torque - failed :
during functional test prior to qualifica=- L
tion testing.

1011569 Insert Ball Mount Line -~ failed 18 February
1964 -~ fractured during lubricant coating
pressing - failed at assembly level 1011739,

3
:
Corrective Action: Changed coating pressing
procedure, changed pressing tools, requested E
change to reduce stress concentration factor. %
Action conmplete, E
¥
1011325 Housing of 16k Nesolver Stator - failed
24 ¥ebhruary 1964 - gear teeth sheared
during zero setting ~ failed at assembly
~level 1011891,

Corrective Action: Changed zero setting
procedure and tools. Action complete.

1011373 Clutch overrunning - failed 2 March 1964 -
slips intermittently in driving mode.

1011483 Amplifier, Encapsulated - failed 5 March
1964 -~ variable resistor 1011498 (R1l3)
locked at optimum adjustment by encapsala-
tion material. Previous Waiver K-29 waived
reliability and quality assurance provision
of ND 1015404.

Corrective Action: Waiver K-117 permits
use of 1011483 in AGE-2 -~ appropriate

shielding will be evaluated to prevent -
locking.

1011744 Counter, Angle - Shaft angle counter failed
18 March 1964 and 19 March 1964 - trunnion
angle counter failed 19 March 1964 - all
failures due to a lack of/or incomplete
shade flip,

Corrective Acticn: Immediate action to

change shade contour to suit individual
counter,

1010341 1X Resolver - failed <41 April 1964 at
1021934 Assembly level of AGE 5 0S5 - FR 31
Rotor S)»-S3 resistance intermittently high.
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Corrective Action: Failure Analysis reveals

unit had been disassembled and reassembled
incorrectly.

FRECUTEY Sv 2

1010341 1X Resolver -~ failed 30 April 1964 FRrR 35,
36, 37, 38, 39, 40, 41 - Six failed due to ;
accuracy error., One failed due to impedance %
unbalance. Corrective action: Accuracy ¢
error due to lack of ground lead to index %
stand during last portion of source accept- 1
ance test. Impedance unbalance failure re- ﬁ

worked cause. Manufacturing error. Action
comp lete,

H
3
1011000 Optical Unit - failed 12 May 1964 -~ FR . 2=~ 4
SCT TDLA stiction too high. Corrective 3
action: Same as 1011891 FR 81, 1
1011281 Differential - failed 25 May 1964 - FR 0054E

Unit exceeds total backlash under load of

4 oz. Corrective action: Change proposed

to reduce tooth load during backlash measure-

ment to 2 oz, and to increase allowable o
backlash to 20 min. Action complete. -’

1011000 Optical Unit AGE 2 - failed 5 June 1964 -

FROO56E - Vibration caused loosening of
double dove prism within its mounts.,
Correction Action: 1011197 changed to
Revision D per TDRR 08479 to permit use of
only one layer of indium foil. Action
complete,
1011000 Optical Unit AGE 2 - failed 5 June 1964 =,
FROOS57E -~ Excessive SCT shaft axis end
play. Corrective Action: Changed shim
thickness to increase bearing preload.
Action complete.
1011000 optical Unit AGE 2 - failed 5 June 1964 -
' FRO0O61LE-Inner bearing of 1011744 Angle
Counter Shade came apart. Corrective
Action: Changed bearing on vendors draw-
‘ings from angular contact to deep groove
to prevent assembly errors. LEffectivity
to be determined.
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MS 122159 Insert, threaded - failed 5 June 1964 on
AGE 2 0SS-Fru060E - Improperly tapped hole
in optical base caused insert to distort
thereby stripping NAS 1352 CO08LL12. Cor-
rective Action: Review of inspection pro-
cedures of optical base. Action complete.

1000115=-2 Ingsert, threaded - failed 5 June 1964 on
AGE 2 0SS-FRO060E - One leg of threaded
insert broke during insertion operation to
SCT Panel Assembly 1011717. Corrective
Action: Review of Process Specification
and Inspection Procedure of 1011717
Assembly. Action complete.

1011891 Optical Subassembly Stage III - failed
8 June 1964 - F.R, 80 AGE 5 - Sextant 16X
Resolver zero out of specification. Cor~
rective action: Changed zeroing procedure
of resolvers to be effective on Revision B
of ATP's 1011890 andl011891. Action com=-
plete,

Tt

1011891 Optical Subassembly Stage 3 - failed 8 June
1964 - FR 81 - SCT TDA stiction reads 3.9v
instead of less than 3.6v., Corrective

LE 4t Y 2
s I e B

1964 - FR 82 - SXT SDA 1/2X Reso'ver zero
out of specification. Corrective action:
Same as 1011891 Failure Report 80, Action
complete.

action: Preliminary investigation reveals g

that 1011193 cam follower assembly spring ¥

tension may be too high thus causing the ¥

high stiction voltage. Design change under i

study. 2

1011891 Optical Subassembly Stage 3 - f iled 8 June é
£

1011000 Optical Unit AGE 5 - failed 10 June 1964,

l) FR 83 - Counter shade misaligned,

2) Sextant reticle 40" off center as a
result of 1011773-2 set screw loosening
during vibration permitting 1011796 to
rotate in 1011797 thus changing reticle
center. Corrective Action (a) Spring
contour is susceptible to change during
handling as a part and during assembly -
operations. Handling fixture for counter
and for the SCT gearboxes was evaluated.
(b) Inspectors and technicians have been
cautioned to give extra attention to
vibration proofing of all screws,
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Optical Unit AGE 6 - failed 15 June 1964 ~
FR 84-Angle counter shade screw worked loose
during vibration. Corrective Action: Change
proposed to 1011744 drawing to secure all
screws with locking compound conforming to
MIL-S-22473. Action complete.

Optical Unit AGE 6 - failed 16 June 1964.
FR 108-Sextant reticle 27" off center after
acceptance vibration test. Corrective
Action: Initial failure analysis revealed
no loose parts. Realigned reticle.

SXT Base Harness Assy - F.R. 109 - AGE 5

0SS Failed 17 June 1964 - Insulation damaged
on one wire during vibration. Corrective
action: Preliminary failure analysis in-
dicates a design change to reroute harness
and clamp more securely.

Flexprint and Connector Assembly - failed
18 June 1964 in AGE 6 - FR1lll - Kinks in
flexprint and a cut in one conductor.
Corrective action: Same as 1011908 FR 110.

Flexprint - failed 18 June 1964 - AGE 6 -
FR110~-Kinked during assembly. Corrective
action: Preliminary analysis shows need for
several design changes to permit easier in-
stallation of the flexprint Final analysis
now pending.

Optical Unit AGE 6 - failed 22 June 1964 =
FR 88 - Piece of indium foil partially
slipped from between the double dove prism
and the double dove prism clamp. Corrective
action: ‘

Optical Unit AGE 5 - failed 22 June 1964 =-
FR89-SCT TDA 1X Resolver zero out of speci~-
fications. Corrective Action: See 1011891
Failure Report 80 Action complete,

Optical Unit AGE 5 - failed 23 June 1964 -
FR 112 - Double dove prism cement appears

to have separated on 5% of the cemented sur-
face not in the field of view. Corrective
Action:
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Clutch, slip - failed 18 Februeary 1964 - 4 failed

due to low or no torque.

Insert Ball Mount Line - failed 18 February
1964 - fractured during lubricant coating
pressing - failed at assembly level 1011739,

Corrective Action: Changed coating pressing
procedure, changed pressing tools, requested
change to reduce stress concentration factor.
Action complete.

Housing of 16x Resolver Stator - failed
24 February 1964 - gear teeth sheared

during zero setting - failed at assembly
level 1011891.

Corrective Action: Changed zero setting
procedure and tools. Action complete,.

Clutch overrunning - failed 2 March 1964 -
slips intermittently in driving mode.

Amplifier, Encapsulated - failed 5 March

1964 - variable resistor 1011498 (R13)

locked at optimum adjustment by encapsulation
material. Previous Waiver K-29 waived re-
liability and quality assurance provision

of ND 1015404.

Corrective Action: Waiver K-1ll1l7 permits
use of 1011483 in AGE-2 - appropriate
shielding will be evaluated to prevent
locking.

Counter, Angle - Shaft angle counter failed
18 March 1964 and 19 March 1964 - trunnion
angle counter failed 19 March 1964 -~ all
failures due to a lack of/or incomplete
shade flip.

Corrective Action: Immediate action to
change shade contour to suit individual
counter.

1X Resolver - failed 21 April 1964 at
1011934 Assembly level of AGE 5 0SS - FR 31
Rotor 52-83 resistance intermittently high,

L L
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(2) Ground Support Equipment Failures - Period ending
16 June 1964.

1017412 Autocollimator - failed 9 March 1964 at
ACSP - FR 0767 - Adjustable filar reticle
not concentric with autocollimator barrel.
Corrective action: Returned to K & E from .
ACSP. Replaced filar reticle and realigned. '
Source inspected after repair at K & E by
Kollsman. Unit in excellent condition.
Action completed 1 June 1964.

1017412 Autocollimator - failed 13 April 1964 at
. ACSP - FR 1191 E - Light socket shorted;
light bulb burned out. Corrective action:
Replaced receptacle and lamp on 5 May 1964.
Action complete.

1017410 Five-Inch Autocollimator - failed 1 May 1964
at ACSP - Same as 1017410 FR 1510E and FR :
1513E plus reticle and filar off 1/2 sec on 3
elevation. Corrective action: Calibrate i
and use.
-
1017410 Five-~Inch Autocollimator - Two units failed
1l May 1964 at ACSP-FR 1510E, FR 1513E -~
Numerical markings etched on an angle.
Corrective action: 8 June 1964 TWX from
A. C. Metzger, RASPO/MIT to A. J, Italiano,
ACSP Paragraph 1 directs AC to accept and
use units. Action complete.

1017448 2=1/2 Inch Autocollimator - Two failed 1
~May 1964 at ACSP - FR 1511E and FR 1512E
Reticle and filar alignment off 5 and 2.5

seconds, respectively. Corrective action:
Calibrate and use,

1017412 Autocollimator - failed 22 May 1964 at ACSP-
FR 1527 E
(1) Fixed to f lar reticle alignment in
excess of specification.
(2) Fixed to filar reticles not "square®.
Corrective action: (1) KIC generating
field calibration procedure.
(2) Reticles should be adjusted in field.
Action complete.

e
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1016951

1016949

1016949

Alignment Mirror Assembly - failed 28 May
1964 at MIT/IL FR 096lE - Mcovable pellicle
locking pin sheared. Pellicle no longer
movable. Locking pin broken.

Functional Tester - failed 12 June 1964 -
FR 0062E - Poor contact in connection of
assembly 1017402, Corrective action: Unit
repaired.

Functional Tester - failed 16 June 1964 -

FR 0064E Shaft 1019065 seized in housing.,
Corrective action: ,0001" clearance insuf-
ficient for lubrication., Shaft honed down
from 00005“ tO 00008“ to 01870" +.0000 -.00020

Table 5-2, provides a detailed summary of internal and

external failure reports processed during the period ending 10 Septem-

ber 1964.

Procedures and revisions to i--1322 were reviewed at a

meeting with MIT/IL, ACSP, Raytheon and Kollsman participating.

C. Problem Areas

Lack of action by MIT/IL on proposed ccrrecztive action,
predicated on design changes, was seriously delaying implementation
of same, Steps were taken to rectify the situation as soon as

possible.
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TABLE 5-2

INTERNAL/EXT®RRNAL FAILURES
INTERNAL FAILURES

Failure Sub-Agsembly Part and
Rpt. No. Date AGE and Part No. _ Part No. i
86 7/2/64 20 0SS 1011797 16X Resolver
1000160
199 7/8/64 7 OSS Harness 1X Frame
Assy 1011933 Size 8 Resolver $
119 7/30/64 7 OU Stage III 1X Frame :
1011891 Size 8 Resolver v
3
153 8/6/64 SXT Telescope Lens Assembly g
Lens - 1011796 1011585 §
152 8/7/64 8 OSS Stage III Shaft i
101891 1011198
157, 8 8/7/64 Resolver
and 9 101034)
133 8/10/64 8 ‘OSS Stage III Harness Assembly
1011891 1011896
135 8/12/64 8 0SS 1011000 OSS Stage III
- 1011891
136 8/12/64 A OSS 1011000 OSS Stage III
1011891
148 8/14/64 8 0SS 1011000 OSS State 1II
1011891
137 8/17/64 8 OSS 1011000 SCT inner telescope
' tuke assembly
1011724
162 8/17/64 0SS 1011000 SCT inner telescope
tube assembly
1011724
5-44
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TABLE 5-2

INTERNAL FAILURES (Cunt'd.)

Failure Sub-Assembly
Rpt. No. Date AGE and Part No.
141 8/31/64 8 1011891
163 9/3/64 20 OU Stage 1IN
1011891
142 9/4/64 8 OU State III
1011891

EXTERNAL FAILURES

124 7/1/64 6 0SS 1011000
120 7/2/64 6 Optical Unit
1011000
2215 7/6/64 6 "Nav Base and
‘ Optics 1899950
2216 7/6/64 h Nav Base and
Optics 1899950
1560 7/6/64 6 0SS 1011090
1608 7/6/64 6 0SS 1011000
1609 7/7/64 6 0SS 1011000
0074 7/7/64 2 Shaft Axis
1011704

Part and
Part No,

Retainer
1011316

Angle Counter
1011744

Optical Unit
1011000

Optical Unit
1¢11770

Op:ical Base
1011631

Insert Plane
1011567

Objective Lens
1011585
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TABLE 5-2

EXTERNAL FAILURES (Coni'd,)

Failure Sub-Assembly Part and
Rpt. No. Date AGE and Part No, Part No.
1612 7/8/64 6 OU Stage II1 Bevel Gear
1011890 1011356
1561 7/9/64 6 Nav. Base & Optical Unit
Optics 1011000
1899950
1610 7/9/604 6 Shipping Container Outer Shipping
1017400 Container
1019700
1584 7/9/64 6 Nav Base and Optical Unit
Optics 1011000
1899950
1592 7/13/64 5 MDV 1011559
1593 7/13/64 5 . MDV 1011559
2311 /13/64 5 MV 1011559
1565 7/14/64 6 .OS8S 1011000 Mirror 1011260
1506 7/14/64 6 0SS 1011000 Double Dove Priur
1011153
1864 7/17/64 6 Optical Unit SCT Eyeguard
‘ 1011000 Assembly 1011965
1573 7/23/64 6 0sS 1011000 Angle Counter
1011744 |
0071 7/24/64 o2 Optical Urit Ball Bearing
1011000 1011602-21




Failure

Rpt. No.
.72
2229
2230
2201
2231
2202
2203
2204
2232
2233
2205

2206
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TABLE 5-2

EXTERNAL FAILURES (Cont'd.)

Date

7/24/64

7/24/64

7/25/64

7/25/64

7/27/64

7/27/64

7/27/64

7/28/64

7/28/64

7/29/64

7/29/64

7/29/64

AGE

2

Sub -Assembly
and Part No,

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
10110600

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
1011000

Optical Uni.
1011000

Part and
g_a_t_ rt No.

Mirror Assembly
1011260
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Failure

Rpt. No.
2207
2208
2234
2235
2236

2209

2209

125

127
128
129
130
131

1212
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EXTERNAL FAILURES (Cont'd.)

Date

7/29/64
7/29/64

7/29/64

7/29/64

7/30/64

8/4/64

8/4/64

8/6/64

8/7/64
8/8/64
8/9/64
8/9/64
8/9/64

8/13/64

TABLE 5-2

AGE

Sub-Assembly

and Part No.

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
1011000

Optical Unit
1011000

0SS 1011000

0SS 1011744

0SS 1011000
OSS 1011000
0SS 1011000
Oss 1011000
0SS 1011000

GSE

Part and
Part No.

Angle Counter
1011744

Theodolite DKM-3X
S/N 4 1017444

“‘3.
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Failure

Rpt. No.

1214
0l61
0isl
0182

0184
0185

0186
0189

139
140

0190

KOLLSMAN INSTRU: INT CORPORATION

EXTERNAL FAILURES (Cont'd.)

TABLE 5-2

Sub-Assembly Part and
Date AGE and Part No. Part No.
8/13/64 GSE Theodolite DKM-3X
S/N 4 1017444
8/21/64 2 Optical Urit Nut, Locking Rotor
1011000 1011311
8/21/64 2 Optical Unit Ball Bearing :
1011000 1101607-2 i
8/21/64 2 Optical Unit Flex Prints j
1011000 1011907 & -8 |
8/21/64 2 Optical Unit
1011000 Mounting Bolt
MS21250-4028
8/21/64 2 Optical Unit
1011000 Dove Prism Mtg. :
Assembly 1011197
8/21/64 2 Optical Unit Lens Assembly
1011000 . 1011707
8/21/64 2 Optical Unit Prisms, Eyepiece
. 1011000 1011269 & 70
8/27/64 - 8 0SS 1011000
8/27/64 8 OSS 1011000
9/10/64 2 Optical Unit " Reticle SXT
1011000 1011594
5-49
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5.3.7 TD K=79 AGL-1 MLV Trermal Vacuum and Mechanical
Integrity Tests

a. Description of Effort

This technical directive authorized thermal evaluation tests
and mechanical integrity tests on the AGE-1 MDV, Specifically,
the work authorized consists of preparation of test plans and test
procedures, design and fibrication of test fixtures, conducting of
tests (thermal vacuum, humidity, vibration, shock and acceleration),
recording and analysis of data, and submission of final report.

b. Accomplishments (Mechanical Integrity Evaluation)

(a) All random vibration tests (design evaluation levels)
were completed. Lvaluation of the data showed accelerations and
strains well within allowable limits. A functional check of the
unit at the completion of th2 vibration tests was conducted in ac-
cordance with the requirements of the FTM,

Shock fixture evaluation was completed. Ali fixtures and
instrumention:, were received. An outline of the Detailed Test
Procedure was completed.

The fixtures listed below were fabricated and accepted for
design evaluation test:

10-23330-0093 Thermal-Vacuum Holding Fixture
10-23330-0094 Humidity Holding Fixture

The first draft of the detailed thermal-vacuum test procedure
was completed. An evaluation study to determine the optimum method
of measuring the optical conformance of the projection system with
the required standard was completed. The selection and procurement
of the optical test equipment to measure the various requirements
of the proposed detailed test procedures was completed. Continued
thermocouple wire evaluation study. Additional wire was received
and underwent laboratory study for utilization in the thermal-
vacuum tests. Required electrical cables for the MDV test console
connections was completed. Detailed mechanical integrity e-aluation
test procedures were completed.

The vibration fixture was evaluated for equalization. Sinu-
soidal vibratiou tests were conducted on the MDV along the X

Y o
cn :
meters and eight strain gages were located at various points on the

cn’
and ch axes from 10 to 2000 cps at one-g. Eight accelero-
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MDV. The data obtained showed accelerations and stresses within
allowable structural limits of the unit. Further evaluations was
required to determine the effect of the random vibration environ-
ment on the MDV. The lowest resonant frequency of the MDV was
found to be anproximately 185 cps. This was the beam mode of the
MDV front panel, and corresponds with the calculated value. Figure
5-9 shows the MDV in its test flxture, mounted on the C=-25 shaker,
ready for vibration along the 2 en axis.

Shock tests were conducted at 15, 20, 25, and 30g, 6 ms ter- .
minal peak sawtooth shock pulse along the % XCM S YCM' and ¥ ZCM :
directions.

Functional tests were performed at the conclusion of the shock
tests. The results showed satisfactory operation of the MDV, using
15 feet of film in the cartridge, as per Waiver No. K=9%9,

Constant acceleration tests were conducted at 20, 25, 30, 35,
and 40g along the % Xom! Ty and * z_ directions.

cM’ cM
Functional _.ests conducted as per Waiver No. K-99, following
the acceleration tests, showed satisfactory operation of the MDV,

5.3.8 TD K-48 Shipping Container Design

a. Descriptibn of Effort

This technical directive authorized the design and preparation |
for manufacture of shipping containers for the Optical Unit ~nd the !
Map and Data Viewer when exposed to transportation, handling, and
storage environments. In addition, this TD authorized the manufac-
ture of eight MDV shipping containers.

Note: Technical directive (TD K=103) authorized the fabrica-
tion of four shipping containers for the first four Optical Units.
The remainder of the Optical Units will be shipped in the Optics-
Nav1gat;on Base Shlpplng Countainer, the design and fabrzcatlon of
which is authorized »ny TD K-81,

b. Accomplishments

Design drawings for the Optics and MDV containers were com-
pleted. Minor modifications were made for conformance to NASA
drawing standards prior to submission for approval.

Qualification tests of the MDV container were completed. The
container sat.sfactorily withstood these tests, and met all the
conditions specified in PS 1019721, A report on these tests were
issued. Two additional MDV containers were fabricated. A phLoto-

graph of the container with cover removed appears in Figure 5-10,
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5.3.9 TD K-103 Fabricate Four 0O5S Shipping Containers

a. Description of Effort

This technical directive authorized the fabrication of four
Cptical Unit shipring containers, designed under TD K-48,

b. Accomplishments

Qualification tests were completed and a report issued. The
container satisfactorily withstood these tests, and met all the
requirements specified in PS 1019700. A photograph of the container
system, with both covers removed, is shown in Figure 5-11. Two
container systems have been fabricated.

5.3.10 TD K-81 Optics-Navigation Base Assembly Shipping and
Handling Container = =

a. Description of Effort

This technical directive authorized the design and manufacture
of shipping and handling containers for transporting and storing
either the Optics-Navigation Base Assembly and Handling Fixture,
or the Optical Unit with a dummy navigation base and dunmy handling
fixture. The containers must be capable of protecting the Optics-
Navigation Base Assembly and other critical items from the trans-
portation shipping environments specified in Apollo Environmental
Criteria Specification dated March 25, 1963,

¥’

Sixteen containers were built, the first of which was used for
qualification tests. These containers replaced the ones being
fabricated under TD K-103.

b. Accomplishments

Design drawings have been completed, and reviewed.

5.3.11 TD K-60 and K-98 Thermal Analysis

a, Description of Effort

These technical directives authorized the performance of ther-
mal analyses of the Optical Subsystem and the Map and Data Viewer
to determine temperature conditions of selected critical elements
for hot and cold orbits. 1In additinn, support was provided for
the testing of the AGE-l1l Optical Subsystem and Map and Data Viewer,

»
’
g
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and to support MIT/IL in the evaluation of certain thermal variables
such as form factors and heat exchange between selected surfaces.

b. Accomplishments

Detailed transient thermal analyses of the Apollo Optical Unit
were conducted for several parametric variations. Temperatures
were computed for combination of maximum and minimum temperature
conditione, hot and cold orbits, and white painted and bare metal
covers.

The Optical Subsystem was divided into 91 temperature modes
with temperatures computed for each mode at every 0.1 hour up to
3 hours. Thus, transient profiles were obtained for the wvarious
components. Ten of these analyses were conducted and results ob-
tained for the following conditions:

(1) Minimum temperature condition, no soclar radiation,
collant, white covers.

(2) Minimum temperature condition, sclar radiation,
coolant, white covers.

(3) Minimum temperature condition, no solar radiation,
no coolant, white covers.

(4) Maximum Temperature condition, solar radiation,
coolant, white covers.

(5) Maximum temperature condition, no solar radiation,
coolant, white covers.

(6) Maximum temperature condition, solar radiation,
no coolant, white covers.

(7) Minimum temperature condition, no solar radiation,
coolant, bare covers. :

(8) Minimum temperature condition, no solar radiation,
no coolant, bare covers.

(9) Maximum temperature condition, solar radiation-
coolant, bare covers,

(10) Maximum temperature cocndition, solar radiation,
no coolant, bare covers.
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A steady-state thermal analysis of the Map and Datas Viewer
was conducted. Tamperatures were computed for operation under
maximum environmental conditions.

The Map and Data Viewer was divided into 36 temperature modes
with temperatures computed for each mode at every 0G.l hour up to
3 hours, at which time, steady-state is virtually achieved for
these components. The temperatures depict maximum temperature
conditions at steady-state.

The Apollo Guidance Equipment Thermal Vacuum Test Chamber was
analyzed to determine its temperature profile under three sets of
test conditions within the simulated command module chamber. Re-
quiremeris for thermal insulation to be applied to the bulkhead
which divides the test chamber into a command module compartment
on one side and a space compartment on the other side were analytic-
ally determined. The wattage capaclity for heaters to be mounted
to the same bulkhead on the command module side was also derived.
The heaters provided the simulated mounting temperatures for the
Optical Base and for the Scanning Telescope and Sextant Bellows.
The thermal insulaticn prevented inordinate heat loss from the
Command Module compartment to the space compartment.

The thermal analyses of the test chamber indicated that the
capacity to provide at least 800 watts of heat to the Command
Module side of the bulkhead was required. It was recommended that
the heaters be located in a six inch annulus directly adjacent to
the ring provided for mounting the Optical Unit Test Fixture. It
was also recommended that 20 sheets of NRC-2 "Super-insulation" be
applied to the space chamber side of the bulkhead. These additions
made it possible to simulate normal operating conditions and emer-
gency conditions of cold and hot extremes.

A report was written on the results of the test chamber thermal
analyses. A comprehensive final thermal report was written on the
analyses of the Optical Unit and the Map and Data Viewer.

Thermocouple temperature rcadings monitored during the thermal-
vacuum test of the Apollo Optical Subsystem were compared with
temperature results of the thermal analysis. A correlation analysis
between the two sets of data was performed.

"pDifferences in the two sets of data were noted and a basis to
define them was established. Primarily, the differences arise
from the diverse boundary thermal conditions used in the test and
in the analysis. Also, the analysis was fundamentally transient
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and was terminated at three hours., The test temperatures were
monitored for a fifteen hour period. A report was written entitled,
Apollo Optical Subsystem, Test and Analysis Correlation of Results",
describing the investigation and the cornclusions drawn.

5.3.12 TD K-61 AGE-2 Mechanical Integrity Tests

a, Description of Effort

This technical directive authorized mechanical integrity tests
of the AGE-2 Optical Unit. Specifically, the work authorized
consists of preparation of a test plan, design and fabrication of
test fixtures, conducting of tests, recording and analysis of data,
and submission of final report.

b. Accomplishments

Concrete base (5' x 5' x 5') for the Shock Machine was in-
stalled. The shock machine was assembled, and check out for the
various terminal peak sawtooth shock pulses that were required.

Detailed test procedure was completed.

The three coolant hoses (P/N 1001580, 1001581, and 1001582)
were leak tested at 60 pse. One hose (P/N 1001580) was found to
be unsatisfactory. After examination and investigation, it was
learned that this hose was cracked, due to extreme bending during
shipment. The remaining two hoses were satisfactory.

Evaluation of the Optical Unit vibration fixture was completed.
Evaluation of vibration instrumentation (acceleration and strain
measuring devices, tape recorder, analysis filters, curve plotter,
etc.) was completed.

Vibration of the Optical Unit along each of the three command
module axes was conducted in accordance with the acceptance test
vibration specification. Figure 5-12 shows the Optical Unit ar-
ranged for vibration along the Y., axis. Upon completion of vi=-
bration, a functional test was cStlaucted in acceordance with the FTM.
There was no change in performance of the Sextant. There were,
however, several discrepancies in the Scanning Telescope.

1. A loosening of the shaft axis approximately .006 inch
axially. Complete disassembly of this area indicated
improper selection of the spacer for the 1011606 Bearings.
An analysis was conducted (TD K-62) to establish a basis
for improved assembly methods to prevent this problem
from recurring.
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Optical Unit Arranged €£cor Random Vibration Along YC~l Axis
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2. A loosening of the doukle-dove prism within its clamps.
Evaluation of this situaticn suggested improper initial
selection of clamps and indium foil thickness.

3, Failure of the shaft axis counter bearings., Evaluation
indicated that the modified counter used in all Optical
Units was not used in the AGE-2 unit.

The unit was reassembled using a proper spacer, proper double=-
dove prism clamps and indium foil thickness and the modified counters
for both Lhe trunnion and shaft axes.

A baseline FTM was performed. Preliminary sinusoidal vibration
tests were conducted along the XCM' YCM' and ZCMaxes, at 1 g from
10 to 2000 cps. Oscillograph recordings of the 28 accelerometers
aind the 19 strain gages were evaluated.

Based upon this evaluation, specific transducers were selected
for monitoring during the random vibration tests.

Random vibration tests were conducted in accordance with the
Launch and Flight Spectrum, at 25% and 50% of the total 9ems level,

along the xCM' YCM' and ZCM axes. Spectral density curves were
plotted for the 14 transducers.

An FTM performed following these tests showed an out-of-tolerance
reticle eccentricity condition, which was determined to be cdue to
loosening of the objective lens assembly.,

No other discrepéncies were found.

After correcting the reticle eccentricity condition, random
vibration tests were conducted at 100% level (7.2 grms)' along the

xCM' YCM' and zCM axes, Spectral density curves were obtained and
evaluated.,

An FTM conducted at the conclusion of these tests yielded the
following information:

1, Sextant reticle eccentricity and perpendicularity were
out of tolerance. ' ‘ ,

2, Sextant shaft axis resolver rotated 14 degrees, due to
loosening of the locking ring.
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3. Sextant shaft axis bearings loosened.

4., Sextant Flexprint, although able to function, was
worn due to rubbing against the cover and against
an internal wiring harness.

S. Telescope eyepiece prism was chipped slightly in three
places. (Eyepiece wa: not intended to be mounted during
this phase of the mission. It was evaluated to determine
the effect of accidentally having it secured to the unit.)

6. Optical Unit mounting bolts backed out 1/4 turn,
7. Mounting bolts were scored by the mounting balls.

Repairc were made to the unit, with bearing preload increased
to 75 pounds, followed by an FTM to re-establish the baseline.

Based upon the results obtained in the 100% test, accelero-
meters were located at points considered to be the most critical,
Sinusoidal vibration tests were conduct:ed at lg, from 5 to 200 cps
along the X, ¢ Yoy, and Z., axes, both with SXT and SCT covers in

place and removed. The recorded data was evaluated.
All Optical Unit shock fixtures were evaluated.

c. Problem Areas

A TD was required to cover the repait effort on the Scanning
Telescope and any subsequent repair efforts required during the
course of the test program, '

The evaluation of the AGE 2 Optical Unit suggested that certain
saubassembly tests be performed. However, Kollsman had no authori-
zation to conduct any tests other than those on the AGE 2 assembly.
The following additional investigations were recommended.

1. Evaluation of mounting arrangement (Belleville washers,
mounting bolts, mounting bolts, mounting balls),

2. Objective lens assembly.

3. Reticle assembly.

Othér investigations were required, based upon additional
information that was acquired during subsequent AGE 2 testing.

5.3,13 TD K-62 Optical Unit Stress Analysis

a. Description of Effort

This technical directive authorized a vibration analysis
of the Optical Unit to determine the dynamic behavior of selected
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elements of the assembly. In addition, evaluation of unusual and
excessive shock loading on the Optical Unit, imposed during earth-
landing, was conducted, specificallv in terms of crew safety re-
quirements. These analyses were used to determine critical areass,
and aided in determining points of measurement for the AGE-2 mech-
anical integrity tests (TD K=-61;.

b. Accomplishments

An analysis was performed, and a report issued on the stresses
in the Optics-Navigation Base mounting bolts when exposed to the
earthlanding shock environment. As a result of this study, it was
recommended that high strength bolts be used. Bolts with an ulti-
mate strength of 300,000 psi were used in place of bolts rated at

180,000 psi.

A"Moment of Inertia Study"was completed and a report issued
on the moment of inertia of the Optical Unit about its own axes.

An analysis of the Sextant trunnion axis and shaft axis gear
trains, as well as the Scanning Telescope trunnion axis and shaft
axis gear trains was made. Results obtained showed that the lowest
torsional natural frequency in the Sextant trunnion axis gear train
is 645 cps, with the remaining 6 natural frequencies considerably
Lhigher (about 4000 cps and up). '

An analysis was completed on the natural frequencies of the
Sextant and the Telescope, each considered as a rigid body, sup-
ported by the shaft axis bearings, considered to be springs. For
the Sextunt, the two natural frequencies are 1080 cps and 3500 cps;
for the Telescope, 2060 cps and 2400 cps.

Lateral vibration of the Sextant and Scanning Telescope was
evaluated. Based upon this analysis, it was concluded that the
dynamic behavior of these structural elements was satisfactory.
A report covering this evaluation was issued.

RN

The torsional vibration analysis of the Sextant and Scanning
Telescope gear trains (shaft and trunnion axes) was completed. The
results showed that torsional oscillations of the gears is not a
problem, A report covering this study was completed.

An analysis of the loads in the eyepiece mounting bolts was
completed. The results showed that the bolts will withstand the
specified dynamic environment. A report covering this evaluation
was completed.
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An analyeis of the loads on the various lens assemblies in
the Optical Unit and the Map and Data Viewer was completed. The
results showed that there will be no degradation at the line of
contact between the lenses, spacers and housing seats., A report
covering this study was completed.

An analysis was performed on the Sextant and Scanning Tele~-
scope bearings (1011607-2, 1011606-1 and -2, respectively) to
determine possible causes of axial motion of each shaft, and to
form the basis for improved assembly methods to elimiiate this

motion.

An analysis was conducted to determine the dynamic behavior
of the eyepieces.

c. Problem Areas

An analytical study of the sextant and scanning telescope
shaft axis bhearings (1011607-2, and 1011606-1, -2, respectively)
was completed and a report was issued. The results showed that
higher preloads on the bearings are required, and that an improved
method of assembly should be instituted. As a result of this
study, the indicated changes were incorporated in the aszembly
procedures.

An analysis of the dynamic behavior of the eyepieces was com-
pleted. The results of this analysis, together with test data
obtained under TD K-6l1, dictated that the eyepieces should not be
mounted to the Optical Unit during the more extreme phases of the
lunar mission (launch, re-entry, high "Q" abort).

A final report was prepared on all of the analyses performed.

5.3.14 TD K-83 AGE-1l Optical Subsystem Thermal/Vacuum Tests

a. Description of Effort

This technical directive authorized design-evaluation testing
of the AGE-1l Optical Subsystem, which includes thermal~vacuum and
humidity exposure.

b. Accomplishments

Fixtures
(1) Fabrication of the following fixtures was completed:

10-23330~0091 Thermal Vacuum
10-23330-0111 Humidity
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(2) Completed design for vacuum chamber handling fixture for
the combined 05S and the 10-23330-0203 was completed and is now in
the fabrication stage.

(3) Design of the following fixtures was completed:

10-23330-0201 Coupling Shield (Solar simulator)
10-23330-0202 Optical port covers (Vacuum chamber)

Chamber

(1) The vacuum chamber underwent acceptance tests, conducted
jointly by Kollsman and the vendor to assure conformance to all
design specifications,

(2) Evaluation studies of the vacuum chamber using theodolites,
alignment telescopes and autocollimators to determine the stability
characteristics of the mounting partition and the possible effects
of transmitted vibration from the pumping gear and other equipment
in the environs of the space chamber was completed,

(3) ° Installation and checkout of the heat exchanger system
was completed. Design and fabrication of the appropriate hydraulic
lines was completed. Subject system was coupled to the vacuum
chambter when the chamber acceptance run was completed,

(4) Installation and checkout of the solar simulation system
was completed. A second calibration check using an exposure meter
was accomplished. Ducting was installed to vent exhaust gases and
to safely dispose of any toxic fumes produced. The radiation pro-
jection angle was approximately 12 degrees from the chamber and 0SS
horizontal axis. Subject run was completed. A Coupling Shield
design, 10-23330-0201 was completed.

(5) A "safety Study" relative to the operation of the solar
simulation system was initiated. For personnel protection, protec-
tive clothing, eye shields and sunburn ointment were ordered.
Safety procedures for the operational area were formulated, An
optical part cover, 10-23330-0202 design was completed.

(6) Final determination of heating and/or insulation of the
vacuum chamber partition, to simulate C/M structual heat input to
0SS was completed. '

(7) Compatibility testing and evaluation checkout of the
completed functional tests and the auxiliary test panel was completed.
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Optics and Optical Determination

(1) Evaluation studies of the optical port flatness character-
istics and the effect, if any, on optical metrology procedures was
completed.

(2) Fabrication of the Optical Pier, 10-23330-0210, equipped
with a dual theodolite mounting was completed.

(3) FPabrication of the two Optical Piers 10-23330-0206 was
completed. One was equipped vith a reference theodolite, the other
with a 45° prism mount (or a precision cube).

(4) An alignment procedure of the three optical piers, refer-
enced in (2) and (3) akove, in their respective angular position
relative to the vacuum chamber horizontal line-of-sight was completed.

(5) Optical bench evaluation studies of the SCT to establish
a secondary method of optical metrology was continued. This alter-
nate method of optical measurement permitted front and rear SCT
optical viewing capability.

¢c. Problem Areas

Evaluation studies of the proposed SCT optical measurement
procedure disclosed a suspected problem in viewing through the
double dove end with a theodolite mounted cutside of the large spool
section of the vacuum chamber. The large distance involved negated
this form of measurement. It was proposed to have ready at the
start of the evaluation test a secondary method of optical metrology,
using an alignment telescope. This viewing technique was at the
opposite end of the vacuum chamber (small spool area) sighting
through the Panel End of the SCT.

The initial alignment procedure involving the three optical
piers disclosed a series of problems. The most perplexing problem
was the small maneuvering ar. . available for positioning the piers.
The desired cube referenced technique requires a larger area than
is available. Therefore¢, concentration was exerted in the use of
a right angle mirror tecinique. The stability of the piers, once
aligned, was of paramount importance. Various methods to insure
permanent location and stability were under consideration. Present
environmental conditions in the optical pier area were not favorable
for stability of precision instrumentaticn (theodolites, alignment
telescope and collimators). Various methods to correct this situa-
tion were concidered.
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All items, required for the implementation of the AGE I test-
ing, were acquired or fabricated.

The optical evaluation studies of the Space Chamber were com-
pleted. The equipment used was an optically flat mirror (1/4) and
an autocollimatinag theodolite to estanlish the movement of the
partition between the chamber section under the extreme environmental
conditiong to which the Optical Unit was expocsed. A sketch of the
test set~up is shown in Figure 5-13. The conditions applied were
as follows (see Figure 5-14, "Chamber Schematic"). Chamber B was
varied in temperature, from 0° to 160°F and, in pressure, from one
atmosphere (approximately 14.7 psi) down to 1 x 10-4mm Hg. Chamber
A was varied in temperature from +200° to -250°F and the pressure
was brought to and maintained at 1 x 10~7 mm Ha. The results of
the test indicated that the greatest chang¢ in anqular displacement
of the optic-! axis of the mirror will never exceed 1 minute of arc
with the ma«imum stress differentials applied across the partition,’
The maximum =.ress conditions applied were as follows:

Condi:ion Chamber B Chamber A

I. pressure 1 ambient atmosphere 1 x 10-7mm Hg

tempaerature + 16C6° F -250°F -’
(shroud)

I1. pressure 1 atmosphere 1 x 10" 'mm Hg

temperature -10°F +200°F
(shroud)

Mylar superinsulation was placed on the chamber partition wall
separating Chamber B from Chamber A on the space simulation side.
The entire wall was covered with the exception of the 24~inch dia-
meter removable plate. Strip heaters of variable power inpnut (0 to
100 watts each) were mounted to the partition within an imaginary
6-inch annulus around the 24-inch diameter plate circle on the
simulated Command side (Chamber B). The above procedure permitted
a variable input capability to establish the proper levels of
spacecraft structural heat loads.

An initial condensed environmental exposure of the Optical
Unit was performed, according to the schedule shown in Figure 5-15.

A sketch of the optical test set is indicated in Figure 5-16. The
purpose of the test was to establish the extremities to which the
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CHAMBER PARTITION
(24 INCH PLATE)

OPTICALLY FLAT MIRROR
(1/2AFUSED GQUARTZ)

|
OPTICAL PORT
~

4 1/2 INCH

AUTOCOLL IMATING
THEOOOLITE

CHAMBER WALL

Figure 5-13. Test Set-up for Chamber Partition
Movement Evaluation

- CHAMBER 8 CHAMBER A AUTOCOLLIMATING
(-10”F TO+180°F (-250°F TO+200°F THEODOLITE
14.7 psi TO 10-* mmNHg) 10-Tmm Hg)

PARTITION I/2 A*RROR

Figure 5-14. Chamber Schematic

(Sectional View from Top Looking Down)
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Optical Unit would be subjected in the formal extended test. This
test determined what areas of testing would require additional ob-
servation or monitoring then originally proposed in the preliminary
"Detailed Test Procedure". The test data were analyzed and the
necessary resulting improvements in instrumentation and operating
procedure were instituted prior to the extended run,

l.

3.

it was discovered that the Solar Simulator, when energized
and directed through the l2-inch optical port in the

Space Chamber (see Figure 5-16), caused the reticle images

of the SCT and SXT to be obliterated completely. A solution
of the problem of reticle obliteration was provided by
closing the shutter between the arc and the first condensing
lens in the Sclar Simulator and, while maintaining back
lighting of the Optical Unit, perform the required theodolite
readings (SXT LLOS & SLOS).

Preliminary reduction of the test data acquired indicated
that the displacements observed were of the whole optical
base rather than shifts of the components within the SXT

or SCT. An additional theodolite, T-5 (see Figure 5-17),

"was added to the test layout to measure more accurately the

pitch and roll attitude of the optical base.

During the condensed testing phase only the SXT was ener-
gized and maintained at one position (270° LLOS and 34°
SLOS) throughout the test. Exercising of the SXT was not
attempted. Observations were performed on the basis of
any divergence from the baseline conditions initially im-
parted to the unit, It was observed that there v s no
change in the zero position of the SCT throughout the test.

The Solar Simulator spectrum was analyzed by the use of
the MIT Spectrum Analyzer at a distance of 88 inches, and
the nominal distance from the solar source to the focal
point on the Optical Unit with all equipment in its normal
position as indicated in Figure 5-18., It was established
that the spectrum of the Solar Simulator conformed well
(slightly bluish) to the MIT solar beam spectrum content,
i.e., near ultraviolet to infrared. However, the intensity
of the beam was found to be deficient. The approximate
intensity of the beam was equal to 75% of 1 solar constant.
This result was substantiated by the use of the Wollensak
Exposure Meter which has been calibrated by the Kollsman's
Elmhurst facility (traceable to NBS Standard) for other
tests performed recently with the Solar Simulator. The
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readings indicated 11/14 or 78% of the required 1 solar
constant. Investigation of the findings uncovered a dis-
crepancy in the original Kollsman Solar Simulator cali-
bration tests. It was discovered that the original tests
had been performed using a distance of 72 inches between
the solar source and the Wollensak Exposure Meter instead
of the required 88 inches. Apparently there was a mis~
interpretation of the test requirements at the time.
Fortunately, there was no loss of effort due to this
divergence from the original r:quirements since the test
results were extrapolated to the 100% intensity value of
the solar beam in the ensuing thermal analyzer.

On completing the accelerated test run, samples of the
ethylene glycol were obtained and forwarded to MIT for
chemical analysis. Fluid samples were as follows:

Sample #1 - From the exchanger line system,

Sample #2 - From thne heat exchange accumulator sump.
Sample #3 - From the original 55 - gallon shipping drum,

CONDENSER D.C. MILLIVOLTS

LENS SYSTEM SOLAR BEAM ——\ Wy
\ (ADJUSTED FOR >

MAX,
INTENSITY) L

m .9: - -

RECTIFIER
0.C. INPUT

(140 AMPS
82VOLYS)
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Figure 5-18. Solar Beam Analyzec Test
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One complete cycle of the extended thermal vacuum test was
performed (see Figure 5-19). The total mission time accumulated
was 230 hours with no interruption of operation due to Optical Unit
malfunction. The optical test layout is indicated in Figure 5-17,
(Note the addition of the T5 theodolite for additional monitoring
function.) The test data was reduced and analyzed by MIT and KI

personnel jointly.

KI engineering personnel have successfully adjusted the lens
system of the Solar Simulator to obtain an intensity of one solar

constant.,

Photographs of the optical unit and environmental area taken
before testing are shown in Figures 5-20 and 5-21., Additional
photographs are available showing the following views:

1. Close view of SXT Head Showing Thermocouples = Cover
Removed., (Figure 3-5, Page 37, Monthly Progress Report
No. 16, 31 May 1964.)

2. Close view of SCT Head fhowing Thermocouples - Cover
Removed. (Figure 3-6, Page 38, Monthly Progress Report
No. 16, 31 May 1964.)

3. AGE I Optical Unit Mounted to Chamber, C/M Side
(Figure 3-7, Page 39, Monthly Progress Report No. 16,
31 May 1964.)

4., Close view of AGE I mounted to chamber wall C/M side.
(Figure 3-8, Page 40, Monthly Progress Report No. 16,
31 May 1964.)

5. AGE I ‘Optical Unit; mounted to chamber - Space side

(Figure 3-9, Page 41, Monthly Progress Report No. 16,
31 May 1964.)

5.3.15 TD K-104 Failure Effects AnaLxgis

a. Descript.ion of Effort

This TD authorized support and resistance to MIT/IL for failure 5
effect analysis of Command Module Guidance and Navigation Equipment.
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Figure 5-21. Rear of Space Chamber Showing Optical Instrumentation T2 (SXT)
and T3 (SCT) In Alignment Position At Start of Evaluation Test. The Solar
Simulator is to the Left of the Optical Pier
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b. Accomplishments

Kollsman participated in Failure Effect Coordinating Conferance
with MIT/IL, ACSP, and Raytheon with the following results:

Liaison was established between all contributors to the Apollo
G & N failure effects enalysis,

The use of NASA approved format for the recording of FEA data
was agreed upon.

The need of a mission profile for each flight was stressed
in order to delineate an &dequate failure effect analysis,

Synthesis of an electrical family tree for the Block II Optical
Unit was initiated.

Layout and analysis of interface between KI equipment and ACSP
system was investigated.

Classification of failure modes inherent to the 0SS and of
failure modes pertinent to interface problems, were established

5.3, 16 TD K-127 Block II Reliability Program Plan

a. Description of Effort

This TD authorized a revision of the Apollo G & N Reliability
Program Plan per the comments received from MSC Reliability and
Quality Assurance Division, Houston,

b. Accomplishments

The revised program plan was completed.

5.3.17 TD K-80 Parts Qualification Program

5.3.17.1 Reliability Test and Evaluation

a. Description of Effort

(1) Prepared detailed test plans pertaining to reliability
tests and evaluations.

(2) Submitted completed test plans to MIT/IL for review and
approval.
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-
(3) Planned and designed test equipment, test fixtures and
associated equipment necessary for reliability evaluation and test
of optical subassemblies and parts; also for srbsequent qualification
test of the complete Optical System.
b. Accomplishments
The manufacture for reliability qualification, of the MDV
functional tests and cables for space chamber usage were completed.
The test procedures for qualification testing of the following
parts were completed:
a) Resolver, size 8 (101G341)
b) Resolver, 1X64 (1¢11294)
c) Motor-generator, s.7e 11(1010610)
d) Motor, size 8 (1011379)
e) Resolver, size 5 (1011371)
f) Flexprint (1011907)
g) Projection Lens (1011374) hd
h) Overrunning Clutch (1011373)
i) Slip Clutch (1011369)
j) Differential (1011281)
k) Counter Angle (1011744)
l) Connectors (1011499), (1011501), (1011748-1),
(1011748-2), (1011747)
m) Cartridge Assembly (1011420)
TD K-80 was ar._-nded to include the qualification of resolvers,
size 8, by Kollsman. The modification of all test fixtures de=-
signed for motor-generator (i010610) were modified so that they can
be utilized for resolver, size 8 (1010451).
Preliminary scheduling for the preparation of test procedures i
for the environmental testing of subassemblies was accomplished. d
v %
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c. Problem Areas

TD K~-80, as approved, made no allowance for the facilities
requested by Kollsman. The equipment needed was two (3x3 ~hermal-
vacuum chambers and three (2x2) thermal vacuum chambers alouag with
supporting instrumentaticn.

Official release of projection lamp (1011413) by MIT/IL was
requested so that a plan could be generated by Kollsman. After
approval of plan, Kollsman procured parts and wrote a detailed test
procedure.

Additional assignment to Kollsman of parts, for gualification
by MIT/IL required additional funding. Some of the parts in
question were Indicator (1011375). Resistor (1011498), and Micro-
switch (1011368).
5.3.17.2 Design Evaluation and Qualification Test Program

a. Description of Effort

Design evaluation and qualification testing of the Apollo
optics, major subsystem elements, parts and materials defined as a
Kollsman responsibility as set forth in R-389A.

This TD authorized the procurement and the fabrication of test
articles, test equipment, and test fixtures pursuant to MIT's
review and approval of the test plans, prccedures, test equipment
and test fixture design.

Assistance in the coordination of the Guidance and Navigation
System test program and participate in the Test Review Board,

b. Accomplishments

(1) The installation and acceptance of the thermal-vacuum
chamher was completed.

(2) The fabrication of environmental test calbes (vacuum,
humidity, etc) was completed.

(3) Environmental breadboards for the gualification testing
of resolvers were completed.

(4) Test fixtures were released for manufacture as soon as

the designs were completed. See Table 5-3 for status of environ-
mental fixtures. g
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Sl
TABLE 5-3
RELIABILITY TEST FIXTURE STATUS
Fixture Design Fabrication
Number Description IN | Complete IN Complete
10-23330-0121 Vibration ~Double
Dove Assy. b 4 X
0120 Vibration - Trunnion
Axis Assy, X X
0123 Thermal Vacuum 5XT
Head Index Assy, X X
0200 Shock-Vibration X
Resolver (1 x 64)
008¢ Resolver - Size 8 X X
0125 Shock - Rem lver‘ b
Size 8 X X
0126 Thermal Vacuum
Resolver Size 8 X b ¢
0127 Humidity - Resolver
Size 8 X X
0095 Vibration - Motor
Size 8 X X
0136 Vibration - Counter
Angle X
0137 Shock - Counter Angle X
0193 Thermal Vac-Counter
Angle X X
0138 Humidity—-Counter
Angle X X
0135 Adapter-Counter
Angle X X
5-80
SISO T "




TABLE 5-3 (Cont.)

KOLLSMAN INSTRUMENT CORPORATION

RELIABILITY TEST FIXTURw STATUS

Fixture Design Fabrication
Number Description IN Combplete IN Complete
10-23330-0139 Vibration-Differential X X
0091 Thermal Vacuum
0SS X
0111 Humidity - OSS X
0093 Trermal Vacuum -
MDV X
0094 Humidity - MDYV X X
0090 Vibration - OSS X X
0103 Shock (Y-Y Axis)
0SS X X
0112 Shock (X-Y Axis)
OSsS X X
0194 Shock (Z-Z Axis)
0SS X X
9092 Vibration - MDV X X
0117 Shock -~ MDV X
0115 Vibration — Fixed
Mirror & Beam
Splitter X X
0113 Shock - Fixed Mirror
& Beam Splitter X X
0122 Thermal Vacuum -~
Fixed Mirror &
Beam Splitter X X
5=81
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TABLE 5-3

KOLLSMAN INSTRUMENT CORPORATION

(Cont.)

RELIABILITY TEST FIXTURE STATUS

Fixture Design Fabrication
Number Description IN Complete IN Complete
10-23330~-0116 Humidity— Fixed
Mirror & Deam
Splitter X X
01i8 Vibration-SXT-
Telescope Assembly X X
0124 Temperature & Thermal
Vacuum-Obj. & Inter-
Lens X X
0114 Humidity-Obj, & Inter-
Lens Assy. X X
0191 SXT Head Adapter for
Ultradex Table X X
0134 Resolver Holding
Fixture X X
0206 Optical Pier X X
0210 Optical Pier for
General Use X X
0183 Adapter - Torque
Wrench for Trunnion
Axis Assy, X X
0204 Vibration-Connectors
Size 5 X X
0205 Life Cycle—-Connectors X X
0203 OSS Handling Fixture X
0201 Light Cover - Solar
Simulator coupling X X
0202 Chamber - Optical
Port Cover X X
5=-82
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KOLLSMAN INSTRUMENT CORPORATION

TABLE 5-3 (Cont.)

RELIABILITY TEST FIXTURE ST/ATUS

Fixture ' Design Fabrication
Number Description IN Complete | IN Compiete ]
10-23330-0410 Chamber Optical
Port Cover X X
0207 Slip Plate ~AGE II X X
0199 Adapter Plate - Tie
Down ~AGE Il X X
0414 Assy Holding Fixture
MDYV X X
0415 Assy Holding Fixture
0SS X X
0196 Accuracy - Resolver
Size 5 X X
0140 Shock - Differential X X
0141 Thermal Vac. -
Differential X X
0142 Humidity - Differential X X
0182 Vibration - Slip
Clutch X X
0l84 Thermal Vac. X
0185 Humidity— Slip Clutch X
0186 Vibration -~ Overrun-
ning Clutch ‘ X X
0188 Thermal Vac., Over-
running Clutch X X
0143 Vibration = Projection
Lens X X
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TABLE 5-3 (Cont.)

KOLLSMAN INSTRUMENT CORPORATION

RELIABILITY TEST FIXTURE STATUS

Fixture Design Fabrication
Number Description IN Camplete | IN Complete
10-23330-0181 Humidity Projection
Lens X X
0109 Vibration-Cartridge
Assy. X X
0537 Shock-Cartridge Assy. X X
0108 Vibration—- Resolver
Size 5 X X
0119 Vacuum & Temperature
Stand X X(Rework)
0395 Adapter Plate )
Shock Machine X X
0195 Environmental Fixture X X
0189 Handling Fixture-OSS X X
0131 Dummy Sextant Load X X
0190 Adapter for Ultradex
Table X X
0408 Friction Torque ~
Resolver Size 8 X X
0411 Resolution —~Projection
Lens X X
0409 Backlash/Torque
Fixture Difierential b ¢ X
0405 Drag Torque -
Cartridge Assy X X
02)6 Flexibility - Flexprint b4 X
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TABLE 5-3 (Cont.)

KOLLSMAN INSTRUMENT CORPORATION

RELIABILITY TEST FIXTURE STATUS

Fixture Design Fabrication
Number Description IN Complete IN Complete
10-23330-0417 Vibration ~Projection
Lamp X X
0531 Vibration -Indicator X
Integrated Readout
0434 Vibration-Objective
Lens & Reticle Assy. X X
0416 Vibration-Pechan
Prism & Relay Lenes X X
0407 Vibration~-MDV
Electronic Pkg. X X
0433 Vibration-MDV
Gear Box X X
0452 Optical Port-AGE I X X
0530 Duai Mirror Mount X
0532 Vibration-Eyepiece
& Panel Assembly X X
0471 Handling Fixture
Space Chamber X
5-85
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KOLLSMAN INSTRUMENT CORPCRATION

(5) Preliminary tests on the slip clutch (1011369) were ac-
complished.

(6) Status of the Reliability Parts Qualification Program, at
the conclusion of this reporting period, is indicated in Table 5-4.

(7) Environmental breadboards for resolvers were designed and
fabricated.

(8) Flow charts, Figures 5-22 througli 5-24 indicate how three
typical parts were processed through qualification tests. These
charts indicate when various environmental and test equipments were
needed and show the span time for each individual test. Thus, a
complete control on the part from the start of testing to the com-
pletion of testing was maintained,

(9) The evaluation cf the slip clutch test procedure was
completed.

(10) Detailed test procedures have been completed for fifteen
(15) approved plans and copies of these test procedures were sub-
mitted to MIT/IL.

(11) All test plans on subassemblies were completed by KIC and
accepted by MIT/IL.

(12) Schedules for subassembly tests, environmental test fix-
tures, and the preparation of test procedures were prepared,

(13) The test plan for the 1X64 Speed Resolver (1011294) was
resubmitted by Kollsman and accepted by MIT/IL. The intention was
to qualify six (6) units.

(14) Photographs, showing typical fixtures for Parts Qualifi-
cation Program, were taken.

(15) The following photographs depict parts undergoing qualifi-
cation tests:

Figpre Number Title

5~25 Friction Torque Fixture for
Resolver Size 8 (1010341)

5-26 Accuracy Testing Fixture for
Resolvers 1010341 and 1011371
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TABLE 5-4

RELIABILITY PART QUALIFICATION PROGRAM

ENVIRONMENTAL TESTS
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TABLE 5-4

RELIABILITY PART QUALIFICATION PROGR AM

ENVIRONMENTAL TESTS
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