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SECTION I

INTRODUCTION

Volume II consists of seven major sections: Management,
Technical, Engxneering, Reliability, Quality Assurance, Documenta-
tion and Field Operations. These sections are presented in chrono-
logical order to enable the reader to follow the progress of the
Apollo Program from 1962 to its completion in 1969. Volume II is
further further divided into two parts:

Part 1 Section 1 1Introduction

- Section 2 Program Management
Section 3 Technical Approach
Section 4 Engineering

Part 2 Section 5 Reliability
Section 6 Quality Assurance
Section 7 Documentation
Section 8 Field Operations

The year 1969 marked the culmination of the Apollo effort with
the successful moon landing of Apollo 11.

The Apollo program structure during this period was subjected
to a continuous streamllning in order to keep it in consonance,
both cost and schedule wise, with the rapidly shifting Apollo re-
quirements that prevailed.

The mission of Kollsman's Apollo effort did not end with the
Apollo 11 moon mission, nor with the end of the contract NAS 9-497
in December 1969, but will continue for the duration of the follow=-
on contract NAS 9-10356 until the end of 1972, supplying the same
professional support and management excellence to the support phase
as was rendered to the development and manufacturing phases,
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Section 2

APOLLO PROGRAM MANAGEMENT

2.1 INTRODUCTION

The Apollo Project was a unigque program demanding outstanding
management talents and disciplines. Since the inception of Apollo,
Kollsman Corporate management has recognized this need and has
dedicated its efforts to the success of this undertaking. Toward
this end, it provided a projectized program organization whose
sole function was the successful execution of all aspects of the
program. This resulting organization prevailed throughout the
entire Apollo effort, successfully meeting the challenges and de-
mands of this dynamic program.

Kollsman management achievements and its record of performance
becomes specially noteworthy when consideration is given to the
unique character of the interrelationship that existed between
ACED and KI on a subcontract basis with MIT retaining overall
responsibility for design direction of the program. Within this
complex interface, Kollsman management was able to create optimum
coordination by blending its action and philosophies smoothly into
the overall plan to achieve the mutual mission objectives.

Kollsman's expertise in the management of this complex techni-
cal task was further enhanced by the fact that its record of high
level performance was achieved within the constraints of a rigid
cost contrel and cost reduction program. The effectiveness of this
cost conscious climate is dramatically shown by the $1 million
underrun that was achieved. Kollsman management instituted
several vigorous cost reduction programs, several of which resulted
in recommendations to reduce scope which were subsequently acted
upon.

In summary, Kollsman Apollo management continually provided
the organization, facilities, manpower guidance, control, support,
and priorities necessary to fulfill all Apollo commitments.

This report is an account of this management role. It pro-
vides the details of management's record of performance along with
the philosophy of operation.
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2.2 CONTRACT VALUE

Kollsman executed the Apollo Program under two (2) discrete
contracts:

NAS 9-499 - January 1962 through July 1964 - KI prime to NASA

NAS 9-497 - July 1964 through December 1969 - KI subcontractor
to ACED

Figure 2-1 shows the target costs of $38,137,000 and the
actual costs of $36,900,000 related to NAS 9-497 (FNP 12726) and
the resultant underrun of approximately $1,200,000.

Figure 2-2 shows the allocation of this total expenditure for
each discipline.

2.3 ORGANIZATION

The Kollsman Apollo Project organization changes are shown in
Figures 2-3 and 2-4., Figure 2-3 shows the organization in the
early manufacturing and development stages of the Apollo contract
while Figure 2-4 shows the later organization structure which pre-
vailed through a large part of the contract. Subsequent changes
occurred at planned intervals in response to changing requirements
of the program and insured optimum management mesh at all times.

2.3.1 Responsibilities

2.3.1.1 Programs Director

. The Programs Director served as Kollsman's principal contact
with the customer, established operating policies and made program
policy decisions. He coordinated the activities being implemented
by subordinate specialized managers. He supervised all program
pPlanning, reviewed all subcontractor changes in technical require-
ments, cost or schedules and established adequate technical and
management liaison and control of subcontractors, flow of cost and
technical information and system engineering control.

The Apollo/LM Programs Director reported directly to the
Space Division General Manager.
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2.3.1.2 Managers Responsibilities

e Program fanagement and Direction
e Program Planning

Program Coordination and Liaison with Kollsman,
MIT/IL and AC.

Program Reviews

o

e Program Control

® Negotiations and Proposals

® Special Activities

The responsibilities and activities of the other disciplines
include: Engineering, Reliability, Quality Control (Product
Assurance) , Documentation and Field OPerations. They are detailsd in

chronological order in later sections of Volume II of this final
report.

2.4 FACILITIES

2.4.1 Syosset Facilities

The modern plant at Syosset was primarily devoted to the
manufacture and assembly of instrumentation for complex space pro-
gramg, migssiles, and electronics system prior toc the Apollo program.

These facilities provided administrative and engineering
offices, laboratories and complete manufacturing operations. The
facilities were further supported by environmental test installa-
tions, experimental laboratories, tool manufacturing, production
control, inspection, quality control and product assurance, pur-
chasing and personnel activities.

When the Apollo program began, Kollsman management allocated
and spent an additional 1.5 million dollars to add special Apollo
equipment and facilities to this complex. This resulted in a
Syosset facility that was completely "space oriented" and equipped
from high level Class III clean rooms to special Beryllium model
shops. Table 2-1 details the KI facilities used on Apollo.

SUMMARY

As shown, Apollo management had provided the flnest facilities
and capabxlxty for the execution of the Apollo Program. These
facilities were available throughout the course of the program.

Figuré 2-5 highlights one of the clean room areas.
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TABLE 2-1

KI FACILITIES UTILIZED ON APOLLO

Precision Beryllium Machine Shop

6 - Surface Grinders

- Precision Lathes

Milling Machines

Drill Presses

Jig Borers

Band Saw

Precision Measurement Equipment
Approved Beryllium Vacuum Facilities

HPowuoo
I B B |

Class 100,000 Clean Room
Opto/Mechanical Assembly Area
Laminar Flow Benches
Optical Alignment Stands
Precision Welding Stands
Potting, Cleaning and Piece Marking Area

Ultrasonic Cleaning Equipment
Vacuum Ovens

Kollsman Laboratories
Metrology Laboratory

Coorindate Measuring Machine
Stereo Microscope
Spectroradgiomneter

Environmental Test Laboratory

Dual Thermal Vacuum Chaiber
Solar Simulator

Sine/Random Vibration Exciter
Shock Machines

Miscellaneous Test EQuipment

Engineering and Administrative facilities were rearranged to
meet new Apollo organizational concepts as well as meet AC Resident
requirements.

2-8
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2.5 MANPOWER

The longevity of individual personnel assignments had been a
most important factor in the success of this program. The majority
of people assigned to Apollo prior to novation remained throughout
the program, thus ensuring continuity of support both to Kollsman
and AC in the subcontract relationship.

2.5.1 MIT Resident Support

Table 2-2 details the tenure of the MIT Resident Support.
It is to be noted that 968% of the personnel assigned to MIT re-
mained in residence until completion of assignments.

Figure 2-6 summarizes the total MIT Resident coverage from
1962 through 1966 when planned reductions were made. A dotted
line indicates the time of novation.

Anticipating broad scope of assistance that these personnel
would provide, Kollsman Apollo management assigned only experienced
and well trained personnel in the disciplines required. The
average years of experience of this assigned personnel was in ex-
cess of 15 years. The engineering mesh that was achieved betweer
the MIT design group and Kollsman internal engineering was o~* .m
and allowed expeditious action in many areas even before design
was solidified. The detail activity of this group is discussed -’
under Engineering in Volume II and is testimony to their effective-
ness.

2.5.2 Field Assignments

Table 2-3 details the tenure of the Field personnel at all
sites. Here again, the continuity of personnel can be noted with
no turnover in personnel at any site.

Figure»2-7 summarizes the total field activity from 1964
through 1969.

Figure 2-8 shows the geographical location of the field per-
sonnel at the various sites: NAA, MSC, KSC, GAEC and AC.

Here again as in the MIT support, Apollo management not only
supplied highly qualified personnel, but made the assignments and
relocations on a timely basis with no impact to mission G & N
objectives. The details of activity of this group is discussed
under Field Operations in Volume II and demonstrates the superior
performance that they consistently rendered under very demanding
conditions. Round the clock support operations were not uncommon
during the compresse( stages prior to the first Apollo flight.
The award by NASA of membership in the "Snoopy" Club to the
Kollsman, North American Field Site engineer was an award not only -
to the individual but to the entire Kollsman field support effost.

2-10
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TABLE 2-2

MIT RESIDENT SUPPORT

Tenure from 6/62 - 6/66:
Total number of personnel assigned: 26

Period of assignment:

Longer than 3 years 12
Longer than 2 years 19
Longer than 1 year 24
Less than 1 year (Short Term
Assignments) 6

Qualified personnel for short and long terms consistently
assigned upon MIT/IL and A.C. Electronics request.

96% of the personnel at MIT since novation remained in
residence until completion of assignments.

Average years at KI: 8.9

Average years of experience: 15.4

2-11
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TABLE 2-3

FIELD OPERATIONS MANPOWER

Total number of personnel assigned: 19

Period of Assignment:

Longer than 2 years 7
Longer than 1 year 11
Less than 1 year 8

No turnover in personnel at any Site.

Qualified personnel were always available for Field Site
assignment upon the request of A. C. Electronics.

Average years at KI: 3.5

Average years of experience 14

2-13
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2.5.3 In-House Engineering

As part of Apollo management's dedication to the success of
Apollo, senior engineers with outstanding capabilities in optics,
mechanical engineering, test equipment design and fabrication and
production engineering were assigned to Apollo on a full-time
basis. This impreesive array of talent was assigned early in the
program and remained with practically no turn-over for the entire
period that their services were required. In addition, Apollo
management made available, when required, specialists in struc-
tural and thermal evaluation, electrical engineering, component
engineering and chemistry.

2.5.4 Manufacturing

Kollsman management, recognizing that skilled optical/
mechanical/electrical technicians would be required to assemble
the Apollo hardware under exacting conditions, instituted an in-
tensive training program including l+:1 "on the job" (learner's
model) and classroom instruction. They additionally provided a
highly skilled technical lead man for each assembly group to
monitor and assist in special problem areas. Management's ser- -
vices in this area is highlighted by the fact that in a recorded
period of 4,193 OUA operating hours, there wers no significant
failures. In addition, performance of the cptical units in the
field was at such a high level of integrity that the program
requirements for spares support had been drastically reduced from
what was envisioned as normal logistics support requirements at
the outset of a program of this scope.

SUMMARY

Kollsman Apollo management did succeed in supplying and
assigning highly qualified personnel to the required disciplines.
They additionally succeeded in motivating this personnel to do
their job professionally and expeditiously within the constraints
of maintaining high quality and minimizing costs.

2.6 MANLOADING

Manpower loading on the Apollo Program presented a special
challenge to Apollo management. Plans were made to staff the
program, commensurate with the time phasing of the various efforts
of work. Accordingly, a projected manpower curve was established.
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Table 2-4 provides the actual man-loading information based
on equivalent man hours from 1964 through 1969.

This chart clearly indicates the build-up of manpower when
many varied activities were at their peak.

It can be noted also that in the interests of cost reduction,
Apollo management effected a large decrease in personnel during
1966. (Ref. next paragraph on cost reduction plan.) A further
levelling off occurred during 1967 and early 1968 followed by a
planned decline to the end of the contract. It is interesting to
note that a slight increase interrupted this decline in the first
quarter of 1969. This was due to the impact of designing and
producing the rangefinder.

Figure 2-9 is a manhour profile which is included to show the
effects of a major cost reduction plan that Apollo management
launched during 1966. As the chart shows, the target hours for
completion at that time was 2,461,372; whereas, after the imple-
mentation of the cost reduction plan, this target was reduced to
2,236,000 hours. Upon completion of the Apollo contract in
December 1969, the target contract hours were 2,321,000 and the
actual hours expended were 2,177,100, a total even lower than the
cost reduction target projected in 1966. Table 2-5 sums up this
information in chart form. A

SUMMARY

The final results of the Apollo contract confirm that Apnllo
management handling of manpower was most effective. Not only was
a highly efficient and skilled labor effort developed and utilized,
but it was accomplished wi_hin the .constraints of a rigid cnst
reduction plan.

2«17




81-2

TABLE 2-4

MAN LOADING (EQUIVALENT MAN HOURS)

July
1964 1965 1966 1967 1968 1969
QTRS || 1 2 3 4 -1 2 3 4 1 2 3 4 1 2 314 1l 213 14
157 ||1395/525!560{460 370|347| 252190 163{121|121(121 1211118(94:77 82167|50(40
TABLE 2-5
~C*ITRACT TARGET VERSUS ACTUAL HOURS
Esf.i.mate Actual
1966 1969
Contract Taryet 2,461,372 2,321,000
Cost Reduct:ion 2,236,000 2,177,000
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2.7 CONTRACT ACTIVITY

2.7.1 Prior to Novation

NASA-MSC (Manned Spaceflight Center) and Kollsman entered

into Letter Contract NAS 9-499 for a 90 day period on 28 May 1962.
The total leiter contract authorized expenditure at that time was
$240,000.00. On 16 August 1962 Kollsman received Amendment No. 1
authorizing an additional expenditure of $85,000.00 and extendirng
the expiration date of the contract to 30 September 1962. Amend-
ment No. 2 further increased the authorized funding limitation and
extending the turm of the letter contract.

The following is an account of some of the contractual activity
that prevailed from the original NASA contract NAS 9-499 through
the completion of the Apollo effort under the KI subcontract to
AC NAS 9-497.

The master schedule for the major areas of effort are shown
in FPigure 2-10. As effort was authorized by Technical Directives
(TD), hours were assigned from the applicable task. The projected
duration of effort was shown by the bar on the figure.

The fully executed definitive contract NAS 9-499 was delivered
to Kollsman by NASA/MSC on October 23, 1963. The fully executed
coplies of Amendments 18 and 19, increasing the funding limitation,
were received in December.

A reference listing of active Technical Directives (TD's) at
this time is provided in Table 2-6. Table 2-7 lists the overscope
TD's.

During the early phase of the NASA/KI contract, the following
major events also took place.

A revised proposed (KI Bid No. S/HUM 7-300113A) for the LM
Concept Design Progr.m was submitted. The proposal requested
authorization to continue the program for two additional months
and sought coverage for the additional costs associeted with the
effort extension. Additional resident effort at MIT for the two
month period was not included in the reproposal. Negotation of the
proposal for the total effort was performed in the month of
December 1963.

On the basis of additional information received from NASA/MSC
relative to the Field Operations Statement of Work, a revised
proposal (KI Bid No. S/HUM 6-3-0112A) for the CM Field Operations
effort was submitted during this quarter. The initial phases of
the NASA/KI negotiation of this proposal was begun.
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TD Number

1

5

7

8
10
11l
12
13
14
19
22
23
26
28
29
30
3l
32
35
41
42
44
48
49
51
53
54
55
56

57
58

60
61

TABLE 2-6

ACTIVE TD'S

Title

roject Office
External Engineering Effort
PERT
MIT Design and Drafting
Design and Fabrication F.T.E.
Vendor Reliability '
Internal Engineering
Engineering Support to B.B.
Manufacturing Planning
Breadboard Manufacture
Design Model Effort
Documentation Administration
Program Progress Reports
Reliability Analysis
Reliability Test Equipment and Planning
Reliability Training
Interface Purch. Proc. and Mtl., Spec.
Display and Control
Map and Data Viewer
Moore Tables (GSE)
Reliability Test Program
Non-Visual Eyepiece
Shipping Container Design
Optic Subsystem Mfr, (Block I)
Computer ~upport to Resident Effort
MDV Breadboard Manufacture
MDV Manufacture Block I
Optics Design Analysis
Analytical Support (Thrust Vector
Control)
Design and Fabrication of MDV (GSE and
Additional Tester
Factory Test Plan
Thermal Analysis AGE I
AGE 2 Mechanical Integrity Test
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TD Number

62
6
o?
68
69
70
71
72
73
74
75
76
77
79

81

82
83

84
85
86

87
88
89
90
91
92

94
95
96
97
98
100
101
102
103
105

TABLE 2-6 (Cont'd)
ACTIVE TD'S

Title

Stress Analysis AGE 2

Optical Subsystem Mock-up

Training Program '

F/0 Management

F/0 Material and Spares Integration

F/0 Resident Effort

F/0 Procurement Specification

F/0 Maintenance Analysis Support

F/0 Special Test Equipment

Procure 5" Autocollimators

Design GSE (including addendum)

Failure Reptg. System

Spares Procurement

AGE 1 and 2 MDV Mechanical Integrity
and Thermal Analysis

Optics Navigation Base Assembly

Shipping Container

Assembly of Optical Subsystems 1,2,3

AGE 1 Optical Subsystem Thermal/
Vacuum Tests

Breadboard Parts Fabrication - Optice

Procurement of Optical GSE

Design and Fabricate AGE Post Instal-
lation Optical GSE

MDV Simulator Fabrication

Fabricate 5 Optical Subsystems 5 MDV

Fabricate 4 Short Ret.Periscope (GSE)

Fabricate 5 Align. Mirrors (GSE)

Fabricate 2 Functional Testers (GSE)

Fabricate Additional 2-1/2" Autocol- .

limators
Design and Procure Optical Wedges
Maintenance and Repair Manucls
Mech. of Resolver Digitizer
MIT Resident Engineer ,
Thermal Analysis for AGE 1 MDV
Fabricate Long Eye Relief Eyepiece

.Breadboard Parts Fab., - Optics

Evaluation of Optical Holding Stands

Procure 4 0.S.S. Shipr ‘ng Containers

Deployment of Field Test and Opera-
tional Personnel
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TD Number

106
107
108

109

110
112
113
114
1L
2L
3L
4L
5L

TD Number

80
111
115
1L

TABLE 2-6 (Cont'd)
ACTIVE TD'S

Title

Resident Effort

Design and Procure Theodolities

Design and Procure 1-1/2" Autocol-
limators

Design and Procure Autocollimator
Mounting Plates :

Design and Procure Adjustable Mirrors

Motion Picture Progress Report

F/0 Training Extension

SCD's

Resident Effort

Internal Engineering

Project Management

Documentation

Design Analysis

TABLE 2-7
OVERSCOPE TD'S

Title

Part Qualification Test Program
MDV Condition Light Assembly
Resolver Digitizer

LEM Resident Effort Extension



KOLLSMAN INSTRUMENT CORPORATION

Kollsman put into effect the measures necessary for com-
pliance with the Contracting Officer's directive to freeze man-
power levels and suspend replacement action for normal attrition
of Apollo Program personnel. It was Kollsman's understanding
that this directive would remain in force until further action
was taken by NASA as a result of their assessment of planned em-
ployment levels in relation to the Fiscal Year 1964 budget,

Definitive contract NAS 9--3632 for the initial LM effort was
received by Kollsman during the month of August for review and
execution. During the month of September, properly executed docu-
ments were exchanged between Kollsman and NASA/MSC and there existed
a fully executed definitive contract covering a period of perform-
ance ending December 31, 1964.

Kollsman understood that the continuation of LM effort sub-
sequent to December 31, 1964 would be accomplished under an AC
Electronics subcontract issued at the direction of NASA/MSC. KI's
proposal for this phase of the LM effort was forwarded to ACSP.

Prior to the termination of this NASA/KI contract NAS 9-499,
KI was within its planned expenditure and expected to maintain the
same posture for the duration of the Apollo Command Module and LM
program. '

2.7.2 Novation

Pursuant to the NASA goal for accomplishment of contract re-
alignment for continuation of the Apollo C/M G & N Program, all
required documents for this action were executed by responsible
representatives of NASA/MSC, AC Electronics Division of General
Motors and Kollsman Instrument Corporation. These documents in-
cluded the NASA termination notice against Contract NAS 9-499 and
the subcontract with ACSP (FNP 12776) providing for the continu-
ation of all authorized program effort. The effectivity of these
documents was to be 12:01 AM July 25, 1964.

Effective July 25, 1964 Contract NAS 9-499 with NASA was
terminated and Subcontract FNP 12776 was negotiated with the AC
Electronics Division of General Motors Corporation for the con-
tinuation of all authorized program effort.

Purchase Order alteration No.l to ACSP subcontract FNP 12776
provided for a continuation and completion of all the TD's that
were started and authorized by NAS 9-499 contract. See Table 2-8,.

Purchase Order alteration No. 2 to ACSP subcontract FNP 12776
provided the coatractual coverage for all c- erscope tasks (remain-
ing to be completed as of July 25, 1964) previously authorized by
NASA/MSC, but not incorporated by amendement into Contract NAS 9-499,
See Table 2-8.
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During the latter part of 1964, the following major events
took place:

e Supplemental Agreement No. 3 to NAS 9-2632, provided
additional funding against the initial LM effort on
this primre contract, was fully executed by Kollsman
and NASA/MSC. The balance of the available funding
under the contract was processed at NASA for early
release to KI.

® Additional funding was providec by AC Electronics to
cover KI expenditures for the LM follow-on effort
through the executed period of contract execution.
It was understood that the definitive contract pro-
- vided additional funding for future cost accruals.

@ "Stop Work"” instructions was received as preparatory
actions toward deletion from the contract of the MDV
and OLPD units plus four units each of Block I-100
and Block II OUA's and two AOT's. Kollsman quota-
tions on the impact of these actions were either in
process or submitted.

e Negotations continued in progress with AC Electronics
toward making definitive a subcontract for the per-
formance of LM effort through 31 December 1969.

e Completely executed copies of the NASA facilities
acquisition contract, NAS 9-3231 (F), and use
contract, NAS 9-3230 (F), were received by Kollsman.

® Within defined dollar limitations, Kollsman was
authorized to proceed with inspection and/or repair
of GFP when returned to Kollsman for such purpose.
A separate contract amendment was not required for
this activity.

2.7.3 After Novation

An excellent contract relationship was maintained throughout
the balance of the Apollo contract with ACED. The respective
contracts administration personnel exercised and displayed keen
insight toward the recognition and resolution of mutual administra-
tion problems. The excellent relationship evolved from day to day
contacts and timely exchange between this personnel. Some high-

- lights of the significant achievements are listed below:

e The advanced notice and efforts toward resolution
of IR & D and sale-lease back provisions of the
basic contract negotiation.
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® OUA and AOT delivery incentive schedule problems
expeditiously resolved as thay related to the
schedule stretch-out changs »rder.

@ KI initiative in formulating a basis for negotia-
tion of the second increment fee schedule.

e Cooperation and action in the establisament of
funding formulas and the timing of reguest
raleases.

The balance of this report dealing with control activity {is
outlined in chronological order starting with the first gquarter
of 1965 and will provide an historical record of the contracts
events and activities.

Kollsman quotations for the following authorized activities
were submitted during this quarter:

TD K-119A, TD K-124A, TD K-157; CRN K-87, CRN K-104,
CRN K-175; Pellicle Repair; A/B Spares Procurement;

GSE Spares Procurement; Block I and Block II Design

Evaluation Program,

Kollsman quotations for the following tasks, which were not
yet authorized, were also submitted:

Change Request Proposals: T-4 and T-5
Engineering Revision Proposals: K3, K-4, K-5, K-6, K~7, K-8
Resolver Retrofit and Material Reporting

During the reporting period, the OUA and MDV AGE 17; first
units for which delivery incentive fee were allocated (under POA
No. 8), were delivered on time and earned the full fee designated.

During the second quarter of 1965, AC Electronics released
the following contract authorizations for KI implementation of
effort, :

POA No. Description
8 | Definitive Block II and LEM Contract
9 Funding :
10 Funding
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Change Order Dascription
36 Maintenance of the CMR Manual
37 OLPD Deletion
38 Build SN 101 and 102
39 Shipping Container Mod
40 Delete AOT 600
41 Material Reports
42 Redefinition of Block II and LEM
Mech. Gauge Reguirements
43 Qual. Program Redefinition
44 Delete AOT Breadboard
45 Add one (1) Spare OUA
46 Ten (10) System Deletions
47 : MDV Deletion
48 Turning Fork Change
49 Qual. Program Redefinition
50 Spares
51 Delete (1) AOT Tester
52 (1) Trimming Module
53 Approval of Heaters (ERP K-4l)
54 OUA and GSE Acceptance Criteria

Change Order coverage was expected shortly to confirm mutual
agreement relative to delivery extension against Breadboards 1 and
2 and AGE 121, In addition, full approval to proceed with the
Design Evaluation program was expected momentarily.

Negotiation of a delivery extension for 121 EP (GSE) by
reason of Change Order 54 was anticipated. An authorized reticle
mount change to LEM breadboards necessitated an adjustment in de-
livery schedule.

During this reporting period the following units were deliv-
ered which earned the incentive fee: OUA Learner Model, Breadboard
Electronics No. 1 and Breadboard Electronics No. 2.

During this reporting period, a total of eight firm proposals
and twenty-six budgetary proposals were .ssued in response to ACSP
requirements.

NAS 9-2632 effort was concluded at the end of this quarter.
Additional funding was provided and & balance of the funding re-
quested was in process. The AOT Mechanical Gauge was shipped
under this contract during the month of June.

Negotiation of open Change Orders was initiated during the
month of June. The "Deletion" proposals and more recent Change
Orders remained as open items for which negotiations would be
solicited at an early date.
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Funding requests for the remainder of June and the next
calendar quarter were open and required ACSP action on a priority
basis.

2.7.3.3 3rd Quarter - 1965

During the third quarter of 1965, AC Electronics Division
(hereinafter referred to as AC) released the following contract
authorizations for Kollsman implementation of effort:

POA No. Description
11 Negotiation of 22 Change Orders
12 Funding
13 Negotiation of 7 Change Orders
14 Funding
Change Orders (CO's) Description
79 Proceed with new SXT and SCT
Housing
80 Reduction of Microfilm requirements -

Paragraph 6.3.3 of Exhibit "D"
from three to two.

As reflected by POA No. 11 and POA No. 13, significant negoti-
ation activity was conducted with AC during this third calendar
quarter. Of the change orders remaining to be negotiated, 18 were
scheduled for negotiation during the first week of October 1965.
One of the agenda items during this negotiations was the conclusion
of the major program deletion proposal negotiations.

With the completion of this forecasted negotiation, the only
major negotiation items outstanding were those asscciated with the
Program Stretch-Out (CO No. 66) and the Design Evaluation and Parts
Qualification Test Program efforts (CO No. 38). It was expected
that, through the mutual endeavors of KI and AC, the fact-finding/
negotiation of proposals currently being generated or recently sub-
mitted against ERP approvals were concluded expeditiously. Thus
the future backlog of negotiation effort was reduced considerably.

All authorized effort by KI against the LEM prime contract
with NASA/MSC (NAS 9-2632) was completed by the end of the second
quarter of 1965. Therefore, effective 1 July 1965, all LEM effort
being performed by KI was now under the cognizance of AC Subcon-
tract FNP 12776.
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2.7.3.4 4th Quarter - 1965

During the fourth quarter of 1965 AC Electronics released the
following contract authorizations for Kollsman implementation of
effort.

POA No. Description
15 Funding
16 Revision of POA 13
Change Orders (CO's) Description
8l PRM 2437-002
82 PRM 2437-006
83 Deletion of Block I (100)
. Tracker/Photometer
84 Impact of CO 83 on GSE
85 PRM 2437-009 and 2438-004
86 PRM 2437-007 and 2438-002
87 Approval of ERP K-38R3
88 Addition of (2) Theodolite and
Support Assemblies
89 PRM 2437-008 and 2438-003
90 GFP Autocollimator Use
91 Revision of Table 1II, Exhibit D
92 Approval of ERP K-67
93 Approval of ERP K-50R
94 Deletion of Block II Tracker/
Photometer
95 MIT kesident'Engineer
96 Approval of ERP K-52R2
97 PRM 2437-010

Present funding authorizatibn waé sufficient for the remainder
of Calendar Year 1965. A funding forecast of additional require-
ments for the first quarter of 1966 was forwarded to AC,

All major program delection proposals were negotiated. Signifi-
cant negotiation activity was conducted in October (16 Chance Ox-
ders) and November (eight Change Orders plus two POA's against FNP
14867 and one POA against FNP 37075).
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2.7.3.5 1lst Quarter - 1966

During the first cquarter of 1966 AC Electronics released
the following contract authorizations for Kollsman implementation

of effort.

POA No. Description
17 Incorporates negotiation results
18 Incorporates new DD 250 instruct-

ions. Changes point of govern-
ment accertance for OUA and
Retrofit Kits

20 Funding

21 Provides final acceptance at KI
for Block II Spare OUA.

Change Orders (CO's) Description
98 | Approval of ERP K-76 Design only
98 A-1l Approval of design only of FTE for

Vacuum Focus Adapter

98 A-2 Authorization to proceed with
ERP K-76. KI to initiate drawing
and specification change

99 PRM 2437-11 and 2438-005

100 , Approval of ERP K-55Rl1 Resolver
Trim Module

101 LEM Qualification Testing -

Deletion of parts from AOT
Qualification Test Plan

102 .Releases AOT's 606-610, AOTT and
reactivates manual preparation,
training and site activation.

103 . - PRM 2438-00v (1 counter).
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Change Orders (CO's)

104

105

106

107
108

109

110

111

112

113

113 al

114

115

Description

Release of PRM 2438-008 (cancels
5 items).

Approval of ERP-K60R2 Puige Valve
Adapter.

Design Evaluation Repair Blanket
Coverage.

AOTT FAT Test.

S0W Change -~ Deletion of Main-
tainability Prediction.

Addition of two Tripods,
PN 1001653.

Submittal costs for SN 2 repair
authorization under KD-2194 in
conjunction with ERP K-56 modi-~
fication.

Approval of KD-2240 dated
8 February 1966 (Repair of OUA
SN 11).

Authorization of spares on PRM
2437-12 and 2438-9.

Authorization of Beryllium Corro-
sion protection - OUA and AOT
cancels ERP K-11l0 and requests
resubmittal of ERP K-106.

RIB no longer required for 202,
203 and 204. Nameplate only to be
provided.

SOW Changes Block II and LEM GSE
adds Pedestal Assembly, Theodolite
and Optics Cleaner Kit.

Authorization of LEM AOT Eyepiece
Heaters, Thermostat and Insulation
Blankets.
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PROPOSAL ACTIVITY. A summary of proposal activity duriag the
initial quarter of 1966 against FNP 12776 is as follows:

Budgetary Firm
January 2 3
February 4 2
March 2 5
Totals 8 10

2,7.3.6 2nd Quarter - 1966

FUND: M. Present funding authorization was sufficient until
April 1966. A funding forecast for the remainder of the second
quarter of 1966 was submitted to AC upon completion of Monthly
Financial Report NASA 533 forms.

PROIOSALS NEGOTIATED. All major open proposals were negoti
ated in March with the exception of Change Orders (CO's) 83, 94
and 66. 2 total of 18 CO's were finalized at this negotiation.

Change Orders (CO's) Description

124 Deletes Block I, II and LEM PERT
Requirements.

125 Deletes Field Operations secre-
taries.

125 Al Change Order cancelled.

126 Qualification of CCRD

127 Deletes Project Office at MIT/IL.

128 Deletes 40MM of KI Resident effort
at AC.

129 . Deletes and revises Documentation
Requirements, Block I and II.

130 - Cancels Tracker Photometer Parts
Qualification.
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Change Orders (CO's)

131

132

133
134

135
136

137

138
139

FUNDING

Descxiption

Deletion of Field Operations re~
quirements,

Field Operations Requiremnents
MSC-Site.

Repair of GUA 201A.

Thermocouple Installation, OUA
and AOT.

Deletes (1) Weight and CG (LEM).

Authorizes Nonccnforming Material
Addendum

Thermal Analysis of OUA with
Ablative Shield

Retest of Block II Spare OUA
Spare Release PRM 2437-13

Funding forecasts were provided on a weekly basis for the re-
mainder of the second quarter and the beginning of the thzrd.
quarter to ensure sufficient funding coverage. Current Funding
authorization was sufficient until the end of the second quarter
1966 and additional funding of the third quarter was to be released

on a bimonthly basis.

PROPOSAL ACTIVITY

A summary of proposal activity during the second quarter of
1966 against FNP 12776 was as follows: ,

2-40
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2.7.3.7 3rd Quarter - 1966

During the third quarter of 1966, AC Electronics released the
following contract authorizations for Kollsman implementation of

effort.

POA Description
22 Incorporates negotiation resuits
23 Additional funding and first increment

unallocated fee disposition.

A total of 23 Basic Change Orders and 35 Change Order Amend-
ments were issued during this period. A breakdown of these is as

follows:

OUA - 10 Repair - 3

AOT - 19 PERT - 2

Spares - 9 AC/MIT Resident - 3
Qualification

Test - 10 GSE - 2

PROPOSALS NEGOTIATED

During this period, negotiations were completed for Second
Increment Incentives. 1In addition, a total of 15 Change Orders
were negotiated with AC Electronics, including the major Statement
of Work deletions and the uyepiece incorporation.

PROPOSAL ACTIVITY

A summary of proposal activity during the third quarter of
1966 against FNP 12776 was as follows:

Budgetary Firm
July | 5 9 .
August 0 7
September 7 12
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2.7.3.8 4th Quarter - 1966

This period marked the end of calendar year 1966 and the end
of the First Increment of Performance in June 1966. At this point
in time a formal Kollsman management report was issued to ACED which
outlined the events and achievements of this period. (See Table 2-~9).

During the last quarter of 1966, AC Electronics released the
following contract authorizations for Kollsman implementation of
effort:

POA

Description
25 Incorporates agreements on Second
Increment Incentive Fee Allocation
27 Provides for drop shipment of AOT
Tester #2 from Moore Tool and increases
funding

A total of 18 Basic Change Orders and 10 Change Order Amend-
ments were issued during this period, as listed in the following
breakdown.

OUA 1l Eyepieces 1l
AOT A 1 Repair 2
Spares 13 GSE 2
Qualification Test 1 Motors 7

Proposals Negotxated - During this period a total of 24 Change
Orders were negotiated with AC Electronics, includding the Solvere
.~ Motor Change, Block II Qualification Tests and deletions of MIT/IL
residence and LEM Qualification Testing.

PROPOSAL ACTIVITY - A summary of prOposal activity during the
last quarter of 1966 against FNP 12776 is as follows:

Budgetary Firm
October 6 6
November | 2 10
December 4 4
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TABLE 2-9
FIRST INCREMENT STATUS

Cost Target Incurred
$23,158,000 $21,743,889
‘ Percent of
Available Fee Amount Target Cost
Base $694,740 3.0 Percent
Cost 926,320 4.0 Percent
Delivery 463,160 2.0 Percent
Performance 926,320 4.0 Percent
Totals $3,010,540 13.0 Percent
‘ Percent of Percent of
Earned Fee Amount Tgrget Cost Incurred Cost
Base $ 694,740 3.00 Percent 3.20 Percent
Cost 926,320 4.00 Percent 4.26 Percent
Delivery : 260,337 l1.12 Percent 1.20 Percent
Subtotal $1,881,397 8.12 Percent 8.66 Percent
Performance Award 510,000 2.20 Percent 2.35 Percent

*"Total

$2,391,397 10.32 Percent 11.01 Percent

* Subject to final cost
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2.7.3.9 1lst Quarter - 1967

During the first quarter of )967, AC Electronics released
the following contract authorizations for Kollsman implementation
of effort:

POA Description

26 Incorporates negotations of September
1966 :

28 Incorporates new delivery and incentive
dollars for OUA's 209, 210, 207, 211, 213
and three retrofits

29 Incorporates negotiation of December 1966

A total of 14 Basic Change Orders and 1 Change Order Amendment
were issued during this period, listed as follows:

OUA-3 Repairs - 4
AOT-4 Motors - 1 | : -
Spares - 2

PROPOSALS NEGOTIATED - During this period a total of 33 Change

orders (I2/16 and 1/30) were negotiated with AC Electronics sub-
sequent to the cutoff date of last report.

PROPOSAL ACTIVITY - A summary of proposal activity during the
first quarter of 1967 against FNP 12776 is as follows:

Budgetary Firm
January . 3 7

Febrﬁary | 2 | 6

March o 3 5
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2.7.3.10 2nd Quarter - 1967

During the second quarter of 1967, AC Electronics released the
following contract authorizations for Kollsman implementation of

effort:

POA Description

30 Confirms and definitizes CO #162, 163,
, 168, 172, 177, 178 and 179

31 Confirm and definitizes CO #165, 169,
171al, 176, 182A2 and 191

A total of 18 Basic Change Orders and 6 Change Order Amend-
ments were issued during this period, listed as follows:

OUA - 7 Spares - 3
AOT - i3 Motors - 1
PROPOSALS NEGOTIATED - During this period a total of 17 Change

Oorders (18 April and 19 May) were negotiated with AC Electronics
subsequent to the cutoff date of the last report.

PROPOSALS ACTIVITY - Avsummary of proposal activity during the
second quarter of 1967 against FNP 12776 is as follows:

Budgetarx Firm
April 13 3
May 2 2
June 2 2

2.7.3.11 3rd Quarter - 1967
During the four month period ending October 31,1967, AC

Electronics released the following contract authorizations for
Kollsman implementation of e fort: | |
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FNP 12776 -’
POA Description
30 Incorporates negotiations of January 1967
31 Incorporates negotiations of May 1967
32 Incorporates negotiations of April 1967

Additionally, a TWX letter of intent was received, funding
Fiscal Year (FY) 1968 repair under a new Subcontract GNP 03700.

A total of 14 basic Change Orders and 7 Amendments to pre-
viously issued Change Orders were released by AC Electronics during
this period. This input comprises:

OUA - 9
AOT - 9
Repairs (GNP 03700) - 4

PROPOSALS NEGOTIATED - During this period a total of 15 Change
Orders were negotiated with AC (July 18, 1967). Of this quantity,
8ix were associated with non-"shopping-list" repair authorizations -
under the FY 1967 Repair Contract (FNP 64600). Further, the
"ghopping-list" for the FY 1968 Repair Contract w s negotiated
during this same time interval. Kollsman awaited AC confirmation
of these negotiations by appropriate contract documents.

PROPOSAL ACTIVITY - A summary of proposal activity (GNP 03700

and FNP 12776) as measured by the number of submittals to AC was
as follows:

Budgetary Firm
July 1 12
August 1 5
September - 3
October ‘ - -
Subtotal 2 26
FY'67 Total to Date 27 51

Approximately ten additional change-in-scope items were pres-

ently in-house awaiting completion of proposal packages by Program
Administration.
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2.7.3.12 4th Quarter 1967 thru December 1969

Much of contract's activity during last quarter of 1967, 1968
and 1969 concerned itself with the processing of change orders and
directives related to retrofit activity at Kollsman and in the
field. Additionally, much activity centered around the implementa-
tion of the Sunshade for the AOT and the Rangefinder. The details
of these efforts are defined under Engineering.

Change Orders released during the last quarter of 1967 were:

224 - AOT Conical Sunshade
231 - Eyepiece Flammability
232 - AOT Flammability

222 - SXT Air Focusing Spaces

Change Orders released during 1968 werc:

233 242 251 260

234 243 252 261

235 244 253 262

236 245 254 263

237 246 255

238 247 256

239 248 257

240 249 258 g

241 250 259 |
Change Orders released during 1969 were: |

264 272 |

265 273

266 274

267 275 |

268 276 | :

269 277 | D | :

270 278 o | | S ;

271 | | ﬁ
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SUMMARY

This period marked the end of the NAS 9-497 Apollo Contract
and also the end of the second increment of performance July 1966
thru December 1969.

Perhaps the best assessment of Kollsman's performance during
this period can be taken from a periodic Performance Evaluation
issued by ACED for the period March 1, 1968 through August 31, 1968,
It reads as follows:

"The overall Kollsman performance for this period is
assassed as above average. This rating is given in recogni-
tion of the fine job which Kollsman has done in overall control
and management of the optical subsystem effort. Program
visibility has been maintained and the costs controlled in a
manner quite acceptable to ACED. Kollsman should be compli-
mented for their rapid and comprehensive response to NASA's
request for cost elimination during Fiscal Year 1969."
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2.8 MANAGEMENT CONTROLS

Much of the source for the effective execution of the Apollo
contract was due to the controls that Apollo management implemented
and employed. As shown, earlier in this report under manpower and
finances much control was exercised to ensure a "finger on the
pulse" posture in these areas. As subsequently demonstrated, this
control was most effective in achieving the $1,200,000 underrun.

In addition to these controls, however there were schedule and
quality controls which closed the control loop by ensuring not only
cost controls b ut also timely deliveries of hardware of a high
quality level consistent with the "0" defects goal of NASA.

2.8.1 PERT

From the inception of the Apollo contract, it was evident that
a reporting system was required by management in order to control
this fast-moving project so that effective and timely decisions
could be made. Upon receipt of the contract award therefore, Apollo
management immediately put into effect a detailed PERT network on
the Apollo Command Module, LM Alignment Optical Telescope, Map and
Data Viewer, and Ground Support Equipment.

An in-house PERT team was established at Kollsman to develop
and maintain PERT networks in accordance to the requirements of
NASA/PERT handbook NPC-10l1. The PERT Group was responsible for en-~
suring that the reporting of schedules of the Optical Unit Assembly
(oua), Map and Data Viewer (MDV), Optical Alignment Telescope (OAT)
and Ground Support Equipment (GSE).

Master charts and individual networks were developed for all
of Kollsman's effort on Apollo. Individual networks on Quality
Control, and on Documentation, were prepared and incorporated in
the overall network. A summary network for the Map and Visual Dis-
play Unit was cocmpleted and times added.

Effort was applied to the development of a revised PERT program
for the IEM 1401.

PERT runs have highlighted problem areas, in both the networks
and in informa“-” >n handling. Revisions and improvements in the
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networks and in our pro.edures reduced critical path times.

Factory test equipment events were on the two critical paths,

The master charts and summary chart required revisions as a
result of these modifications.

A series of small networks covering key assemblies were made
to enable concerned personnel to more clcsely control the flow of
effort on these units. The networks were )1 x 17 abstracte of
parts of the complete network.

Additional modifications were made in the overall networks
as problem areas were revealed, in order that the network be kept
current.

Examples of the Apollo PERT networks and a typical Line of
Balance chart are illustrated in Figures 2-11 and 2-12.

This PERT control provided Apollo management with a much needed
tool that gave visibility to problem aceas when they first occurred.
This allowed immediate remedial action to take place and prevented
any schedule delinquencies.

2.8.2 Configuration Control

Under the requiremernis of NPC 500-~1, "Configuration Management
Manual," the Apollo Configuration Management Staff (CMS) was esta-
blished as a prograin management function to control and account for
the change activity of all changes, revisions or modificaticns to
released engineering documents. The CMS was responsible for the
following specific functions:

a. Serving as a focal point for establishing configuration
management requirements.

b. Coordination of change activity with the designing
agency. ‘ :

c. Cocrdination of change activity with the procuring
agency. ‘ '

d. Maintenance of change records.
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Figure 2-11. Apollo PERT Detailed Networks
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-
e. Publication cc.figuration status reports.
f. Establishing and chairing the Configuration Control
Committee (CCC).
g. Liaison with the procuring agency and the design
activities for all configuration matters.
h. Preparation and accounting of Engineering Revision
Plans (ERP's).
The CMS established a composite Configuration Control Committee
(CCC) to evaluate cost/schedule impact of proposed changes. The
committee represented all functional areas under cognizance of the
program office as follows:
"a. Command Module Engineering
b. Lunar Excursion Module Engineering
c. FPactory Test and Ground Support Equipment
d. Reliability
e. Quality Control
-/

f. Documentation :
g. Production Planning | f
h. Production Control
i. Manufacturing

k. Field Operations
1. Administration

The CMS, in addition to internal records, prepared and trans-
mitted to AC thirteen issues of the Weekly ERP Status Reports.

R A L S L T

2.8.2.1 Engineering Revision Plan (ERP). Formal change proposals
of major magnitude or schedule impact were presented to NASA/CCB

through ACSP on a periodic basis.

i BT SRR R R S SR

A typical reporting status reflecting the activity for the
first quarter of 1966 is shown below:

%
b
@
%
i

Changes received - 214
Changes cancelled - 15
Feeless changes - 186
ERP's processed - 43

- 12

Changes open
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2.8.2.2 Traceability Requirements

A very important part of configuration management was the
maintenance of adequace and well controlled documents to substan-
tiate the build versus the design concept of the particular hardware.
This control was carried out across many disciplines, through a
well documented procedure and inspection certifications. 1In pro-
ducing the end product, (ADL) acceptance data list which presented
S/N, lot # and Rev letter of every part, subassembly, and assembly
used in the given hardware. 1In Block II, this information was
translated through Kollsman IBM procedures to a magnetic tape
(CAT file). This was in accord with a contractual requirement
covering all OUA's from 201 and up and all ACT's from 601 and up.

This Kollsman tape was forwarded to the AC master tape bank at
Milwaukee upon delivery of the hardware, where it was integrated
with the total G & N master tape information.

The accuracy of the Kollsman inputs were attested to on several
occasions, one which resulted in a Pride of Performance Award to
the Configuration group. Even since this award, during the last
3 years of the program, there was not a single Kollsman traceability
error or anomaly reported from the master tape bank.

Information deemed from these tapes were most helpful during
the unfortunate Apollo fire and in other areas of design uncertain-
ity.

2.9 PERFORMANCE
In addition to the management efforts already discussed in
this report, there remained some management judgments and perogatives
that were exercised and which contributed much through fulfilling
the programs. These areas included:
e Risk assumption
e Early recognition of Schedule/Performance

2.9.1 Risk Assumption

Apollo management had regularly demonstrated initiative in
"moving out"on problem areas. Kollsman very frequently assumed the
risk of initiating effort without authorization where in management's
judgment it was prudent to do so. Typical examples of this type
of risk are:
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6.

7.

9.

10,

11,
12,
13,

14,
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Instituted hold on LM optical BB in advance of
ACSP contract change.

Proceeded with fabrication of design evaluation units
prior to contract change.

Proceeded with fabrication of GSE prior to MIZ/IL
approval of mechanization drawings.

Instituted star tracker and horizon photometer modules
changes prior to MIT release of changes,

Released new SXT air vacuum reticles prior to MIT
release.

Started fabrication of FTE prior to finalization or
design releases of airborne equipment.

Agreed to produce two additional OUA's during early
part of schedule to expedite design evaluatiocn program,

The OUA Sextant Trunnion Hesitation problem where a
series of special tests were conducted by KI to determine
the cause of the problem prior to a formal request to do

so. -

The Apollo Rangefinder effort which required an expedite
management action to achieve the schedule requirement.

The resolution of the AOT reticle "false star" problem
and the associated design modifications. -

The AOT simulator update to rigid schedule requirements.
The design and fabrication of the AOT sunshade. P

The sextant limit stop problem wherein KI ran several
sets of limit stops through 2,000 cycles of operation
each and fabricated new parts to the extremes of the :
allowable tolerances so that we were able to retrofit 8.
field units almost immediately after request was made 4
to do so.

Eyepiece refurbishment.
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2,9.2 Early Recognition of Problems

Early recognition of problems was 2lso a contiiuing part of
Apollo managements posture. Typical eximples of efforts in this
&rea were:

b

2.

3.

4.

5.

6.

7.

8.
9.

10.

Prcvided extraordinary technical assistance to com-

por.ent vendors e.g. tuning forks, resolvers and phototubes,

Developed "work around" technicue to avoid schedule

slippage because of changes such as SXT reticle, coatings,

etc.

Development lab. evaluation of star tracker and horizon
photometer priosr to production to identify and correct
prcblem areas as early as possible,

64- speed resolvers.

Concurrent KIC fabrication of some purchased parts to
meet schedule where necessary tiuch as trarsformers,
gecrs, tuning forks, phototube housings.

On emergency basis, initiated cvaluation program to
solve potting compound problem.

Recognition of electronic problems inherent in the
Tracker/Photometer design.

Recognition of the Beryllium Corrosion preocblem.

Recommendations for solution of the various eyepiece
program directives,

Recognition and definition of the problems associated
wi:h OUA Qual testing.

2,10 ACCOMPLISHMENTS

Perhaps the best measure of Apollo management: expertise is
the record of timely deliveries of high quality hardware. The
total Apollo Hardware that was delivered throughouc this program
is shown in Tables 1, 2, and 3 of Volune I.

A particularly significant hardware achievement was accomplished

in the retrofit area. Specifically, a minimum of 10 Block II OUA's

and 9 AOT's were returned to Kollsman for major updating to the
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latest configuration. These dissimilar coniigured units were up-
dated to a commcn and latest in-line config'iration within the con-
strain:s of mairtaining traceability, quali.y and reliable in-
tegrity. These units not only were upgraded to the same level as
new hardware but were also delivered on a anead of AC requirements.

In addition to hardware deliveries, the Apollo prcgram was
highly documentad. The soft-ware commitmen:s in the esecution of
the contract were carried ocut with the same expertise throughout
the period. Table 2-10 and 2-1ll1l list the many reports issued by
KI and which now form part of our information library.

SUMMARY

The successful moon flights paid the ultimate tribhute to the
NASA Apollo teamm and became living evidence that KI contribution
was excellent as evidenced in the report.
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Number

AA-63-001
AA-63-002
AA-63-003
AA-63-004

AA-63-005
AA-63-006

AA-63-007

AA-63-008
AA-63-009
AA-63-010
AA-63-011

AA-63-012

KOLLSMAN INSTRUMENT CORPORATION

Table 2=10
KIC REPORTS

Title

Development Plan - Optical Subsystem
Basic Elements of PERT
Apollo Sextant & Scanning Telescope GSE (Rev, B)

Preliminary Plan Proposed for Apollo Optical
Sub=-System FTE

Optical Target Progress Report No. 1 (TDK=-15)

Double Dove Scanning Prisms (Engineering Report
No. 2 Sept. 1962)

Reliability Manual No. 1 Rev. A (Apollo Optical
Sub-System)

Block I Q.C. Manual
Documentation Plan for Optical Subsystems
Industrial Aspects of Beryllium

staff Electronics Engineering Report No. 191
A Resolver Digitizer

Consisting of:

650092-03-1 Transearth Injection Guidance
650092-03-2 Injection Simulation

*650092=04~1 Velocity Steering Loop Pulse
Transfer Function

*650092-04~-2 Controller Design
*650092-04-3 Controller Design II

650092-04-4 Optimization of the Velocity
Steering Loop

*650092-04-5 Limit Cycle Analysis

*See 650092-04-6 Errata
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AA-.,3-012 (Cont.) 650092-04-7 Revised System Analysis
650102-1 Network Rooting and Cos¢ Evalu-
ation Considerations
650102-2 Computational Procedure for Best
Path Determination Through a
Network with a Single Cost Function
650102~-3 Network Rooting and Costing -
Sample Problem
650122-1 Basic Concepts in Earth Orbital
Perigee Control
650122-02 Calculation Procedures for Orbit
Sensitivity
650122-3 A Simplified Statistical Navigation
Procedure
650132~1 Continuous and Flashing Light
Sources for Visual Acquisition
650132-2 Visual Acquisition of the CM by
the LM
650132-3 Pyrotechnic Flash Cartridges and
Electronic Flashtubes a:. Light -/
Sources for Visual Acquisition
650182-04-1 Linear Analysis I
650182-04-2 Linear Analysis II '
650182-04-3 Limit Cycle Analysis :
650182-04-4 CDU Analysis ;
650182-04-5 Statistical Analyszis of Digital ?
Integration ' ;
650192-4 Pyrotechnic Flash Cartridge |
Characteristics _ |
650192~5 Narrow Band Optical Transmission 3
: Filters 3
650192-6 The Steady Light Equivalent of ;
Flashing Lights :
650092-04-6 Errata for: 650092-04-1 650092-04-5
: ' 650092-04-2
650092-04~-3
AA-63~013 MDV Checkout and Repair Manual ND 1021069
\~ 4
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AA-63-014

AA-63-015

AA-63-016

AA-63-017
AA-63-018
AA-63-019
AA-63-020

AA-63-021

AA-63-022
AA-63-023
AA-63-024

AA~-63-025
AA-63-026
AA-63-027

AA-63-028
AA-63-029

AA-63-030
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Table 2-10 {Cont.)
Title

Final Report on TDK-33 Apollo Analytical Level
of Effort Program

Management Outline for Adaptation of Package
for Utilization in the AES Manned Earth Orbital
Experiment Program

Reliability Analysis for the Optical Sub-
System and MDV

Final Report on TDK=-56 1 November 1963
Final Report on TDK-64 15 November 1963
Final Report on TDK-45 and TDK-59

Apollo Optical Unit Center of Gravity Report
15 December 1963

Optical Unit Maintenance - Checkout and Repair
Procedure ND 1021067

LM Design Concept Final Report
Optical Unit Moments of Inertia Study

Evaluation Study of Optical Holding Stands
(TDK=-102)

Qualification Tests of Reusable Shipping/
Storage Cohtainer for Optical Unit

P/N 1011000

Error Analysis Report (PTF)

PTF Checkout, Maintenance, and Repair Manual
SCT & SXT Shaft Axis Lateral Vibration Analysis
Continrgency Analysis: The Selection of
Alternate of Backup Guidance and Navigation
Modes for a Manned Spaceflight

MDV, Tester, Checkout, and Maintenance & Repair
Manual
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Table 2-10 (Cont.)
Number Title
AA-63-031 Apollo GSE Autr~~llomator Alignment Report
AA-63~032 A General Dis :ourse on Celestial Navigation
with the Apollo Optical Sub-System
AA-63-033 Report on the Hand-Held Stadimeter and Sextant
AA-63-034 KIC Apollo Publications Monthly Report
AA-63-035 Apollo GSE Description List
AA-63-036 CM Reliability & Quality Status Report
AA=63=037 KIC Space Division Experience and Facilities
AA-63-038 Ground Support and Factory Test Equipment
AA-63-039 FTP for OUA P/N 1011000 and MDV P/N 1011559
AA-63-040 Reliability Manual for Apollo Optical Sub- <’
System No. 1
AA-63-041 Apolio/LM Organization Charts
AA-63-042 : ‘Reliability and Quality Assurance Presentation
to AC 20 October 1965
AA-63-043 _ Tech. Proposal for Apollo Visual Simulator
AA-63-044 Vol. I-Tech. Proposal for an Optical Sub-
: System for Apollo
Vol. II- Business Management Proposal for
Apollo Optical Sub-System |
Vol., I1II- Cost Estimate and Cost Control
Proposal for Optical Sub-System for Apollo ;
AA-63-45 Vol. I- Revised Proposal for the Apollo Optical ?
Sub-System Vol. I (AA-63-044) 1
Vol. II- Revised Proposal for Cost Estimate :
and Control Vol. III (AA-63-044) |
| a
-
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Table 2~10 (Cont.)

Numbex Title

AA-63-046 Final Report on TDK-18

AA-63-047 Apollo Optical Technical Description

AA-63-048 Monthly Program Progress Report No, 2
31 Aug. 1962

AA-63-049 Quarterly Program Progress Report No. 1
30 Sept. 1962

AA-63- 050 Quarterly Program Progress Report No, 2
31 Dec. 1962

AA-63-051 A Simple Optical Ranging Technique for Orbital
Rendezvous

AA-63-052 | Consisting of:

650032-04~-1 Initial Condition Generation for
Abort Maneuver Studies

650032-04-2 A Short Description of the Abort
Maneuver Simulation Program

650032~06-1  Status of Apollo Ascent Abort
Problem

650042~03-1 Launch Injection Error Program

650042~-03-2 Launch Delay Computer Program

650042-03-3 Launch Delay Computations

650042~04-1 - Effects of Time Delay at Launch

650042-05~-1 Propagtion of Parking Orbit
Errors

650052-05~-1 Apollo Space Sextant and Scanning

S Telescope Error Models

650052=-05-2 Apollo Space Sextant Error Analysis

650052-05-3 Apollo Space Sextant Computer
Program

650052-05-4 Apollo Scanning Telescope ( omputer

. - Program

1 650082-05-1 Analysis of Optical Error due to
Double Dove Scanning Prism

650082-05-2 SCT Gear Train Analysis




Number
AA-64-100
AA-64-101

AA-64~102

AA-64-102A

AA-64-103
AA-64-104
AA-64-105
AA-64-106

AA-64-107
AA~-64-108

AA-64-109
AA-64-110

AA-64-111
AA-64-112
AA-64-113

AA-64-114

AA-64-115
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Table 2-10 (Cont.)

Title

Apollo/LM Organization Charts

Error Analysis Report-Opt. Lab, Target-Short
Periscope and Align Mirror Assy.

Qualification Test, Reusable Shipping Container
MDV

CM Monthly Report #16 - 5-31-64

Optical Unit‘Shaft Axis Bearing Preload Study
CM Block II GSE Development Plan

CM Monthly Report No. 18, 8-31-64

Quarterly Summary of Quality Program Per-
formance Audits

Quarterly Tech. Progress No. 9 9/30/64

Apollo Monthly Center of Gravity Report
10/30/64

Final Report of Structual Analysis of Optical
Unit 1011000

Quality Test of Projection Lens 101137« Final
Report

Structual Analysis of Optical Unit 1011000
.-Apollo Program Command Module (Monthly)

Apollo Program Command Module Monthly Re-
liability Report No. 1

Apollo Program Command Module Monthly Tech.
Progress Repor® #19

Apollo Program CM Monthly Qualzty Assurance
Progress Report #2
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Table 2-10 (Cont.)
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Number Title

AA-64-116 Apollo Monthly Progress Report #20

AA=64-117 CM Monthly Reliability Report #2-30

AR-64-118 Apollo Program CM Tech. Progress Report
12/31/64

AA-64-119 Status Report 12/31/64

AA~-64-120 Apollo Program CM 1/4 Reliability Report #1l
12/31/64

AA-64-121 Fourth Quarterly Q.C. Perf. Audit

AA-64-122 Quality Test of Connectors

AA-64-123 Apollo CSE Autocollimator Alignment Report

AA-64-108A computer'Program for Beam Natural Frequencies

AA-65-201 Apollo Reliability Quality Test of Diff.

AA=65=202 Quality Test of Optical Unit/Navigation Base
Shipping Container P/N 1019720 Jan. 1965

AA-65-202A Space Division Presentation Book (Astronaut
Scott's Visit)

AR-65-203 Tech. Progress Report Jan. 1965

AA-65-204 Study of Qﬁtical Axis Align as effected by
Reticle Shaft

AA-65-205 Block II Tech. OUA Description |

AA-65-206 CM Monthly Report Feb., 1965 |

AA-65-207 Reliability Q.C. Presentation to AC Electronics

AA-65-207A Apollo/LM Progiam Office Presentation to NASA

5
|
%
i
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Number

AA-65-208
AA-65-209
AA-65~210
AA-65-211
AA-65-212
AA-65-213

AA-65-214
AA-65-215
AA-65-216

AA-65=-217
AA-65-218
AA-65-219
AA-65-220
AA-65-221

AA-65~222

AA-65-~223
AA-65-224
AA-65-225
AA-65-226
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Table 2~10 (Cont.)

Title

Monthly GSE Planning List

CM Quarterly Tech. Progress No. 1

Thermal MDV Analysis TDK - 98

CM & LM Qharterly Quality Status

History Evaluation Per, Up to 31 March 1965

FTP (Preliminary Factory Test Plan for
Block II OUA)

Q.C. per Audits 31 March 1965
Q.C. Manual

Combined CM & LM Quality Reliability Report
No. 2

Apollo/LM Reliability Program Plan

Apollo Program CM Tech. Progress Report -Monthly
Thermal and OUA TDK-60 May 1965

Q.C. Manual

Computer Program for Evaluation Beams on
Lateral Vibrations

CM Monthly No. 24 Quarterly Test Program
Report -

TDK-61 OUA AGE 2 - Mechanical Integrity Test
KIC OU Checkout Supplement
Universal Eyepiece

Combined CM/LM No. 2 Quarterly Tech. Progress
Report |




Number

AA-65-227

AA-65-228
AA-65-229
AA-65-230
AA-65-231

AR-65-232

AA-65-233
AA-65-234

AA-65-235

AA-65-236

AA-65-~237

AA-65-238

AA-65-239

AA-65-240

AA-65-242

AA-65-241

QC Audits Quarterly Sumasary PA - 5009 - 3

KOLLSMAN INSTRUMENT CORPORATION

Table 2-10 (Cont.)

Title

Combined CM/LM Quarterly Tech. Progress Re-
liability Report

Combined CM/LM Quarterly Quality Status (3)
Quarterly Quality Perf. Audits

Final Report MDV

' SXT Index Mirror, Flatness and Warpage Problem

Analysis

(TDK=-83) Final Report Thermal Vacuum Evaluation
Test Program Optical Unit Assembly AGE-l

Apollo Program Materials Report

Quality Plan for the Apollo/LM Programs
6 August 1965

Maintainability Design-Evaluation Report Op-
tical Unit Assembly 2011000 Block I-100

Apollo Program - CM and LM (combined) Weight,
CG, and Electrical Requirements Report
20 August 1965

Apollo Prbgram CM and LM Monthly Reliability
Report August 1965

Optical Unit Assembly - Components and Assembly
Flowgrams 19 July 1965 -~ Contract No. NAS 9-497

Combined CM'and LM Quarterly Tech. Progress
Report No. 3

CM and LM Quality Status Report

Qdarterly Reliability Report No. 4 CM/LM
30 September 1965

e RN il R e ST
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Number
AA-65-243
AA-65-244

AA-65-245
AA-65~246

AA-65-247
AA-65-248
AA-65-249
AA-65~-250
AA=-65-251

AA-65-252

AA-65-253

AA-65-254

AA-65-255
AA-65-256

AA-65-257

 AA-65-258
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Table 2-10 (Cont.)

Title
Evaluation and Function Results - OUA AGE 101

A Study of Effective Gravity References for
Autocollimation

Thermal Vacuum Cycling Test OUA AGE 102 Interim

Interim Report Acceleration and Acceleration
Overstress Tests - OUA AGE 101 12 October 1965

Interim Report - Acoustic Test OUA AGE 101
12 October 1965

Interim Report - Shock and Shock Overstress
Tests - OUA AGE 101 12 October 1965

Interim Report - Oxygen Overpressure Temperature
Test - OUA AGE 101 15 October 1965

Mission Cycling Test OUA AGE 102 - 5 November
1965

Monthly Technical Report No. 1 15 November
1965 ‘

Evaluation of RTV-103 Silicone Rubber Adhesvie
in a Thermal Vacuum Environment

Combined CM & LM Weight, CG, and Electrical
Requirement Report 15 November 1965

Functional Tester Report

Star~Horizon Simulator Evaluation Report
24 November 1965

Alignmemt Optical Telescope Component and
Assembly Flowgrams

Catalog of Blocks I & II FTE 31 Cecember 1965
Design Evaluation OUA AGE 102 Thermal Vacuum

Cycling and Simulated Mission Cycle Tests
15 December 1965
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Table 2-10 (Cont.)

Number Title
AA=65~=259 Apollo/LM Program Organization Charts
15 December 1965
AA=65-=260 Report of Assembly High Voltage Power Supply
Star Tracker P/N 2007175 16 December 1965
AA=65-261 CM & LM Quarterly Reliability Report No. 5
31 December 1965
AA-65-262 Interim Report - Evaluation and Functional
Test Results for Vibration Overstress Tests
OUA AGE 101
AA-65-263 CM & LM Quarterly Quality Status Report
31 December 1965
AA-65-264 Combined CM & LEM Quarterly Technical Progress
Report
AA-66-301 Apollo Engineering Analysis Design Evaluation
‘ Program - OUA - 2/2/66
AA-66~302 Apollo/LM Organization Charts 2/4/66
AA-66-303 ‘Analysis of Photomutiplier Dark Noise %
10 February 1966 ;
AA-66-304 Study of the Manufacturing Tolerances on |
Error Gradient 14 Feb. 1966
AA-66¥3°5 Tracker Error Signal Linearity Investigation
2/28/66 :
AA-66-307 Mechanical Integrity Test - OUA AGE 101 - ‘
Excluding Earth Landing Shock Test and all ’
Eyepiece Tests 3/10/66 3
AA-66-308 Be Corrosion Tests and Evaluation Report and

Analysis 2/28/66
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Number
AA-66~309

AA-66-310
AA-66-311
AA-66-312

AA~66-313
AA~-66-314

AA-66~315

AR-66-316
AA~66-317

AR-66-317A

AA-66-320
AA-66-321
AA-66-322

AA-66-323

AA-66-324
AA-66-325
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Table 2-10 (Cont.)

Title

Combined CM and LM Weight, CG, and Electrical
Requirement Report 3/15/66

Apollo/LM Loctite Progress Report 3/29/66
CM and LM Quarterly Status Report 3/31/66

Combined CM & LM Quarterly Technical Progress
Report 3/31/66

Combined CM and LM Quarterly Reliability Report
No. 6 3/31/66

Combined CM and LM Quarterly Technical Proqress
Report 6/30/66

Quarterly Quality Control Report

Combined CM and LM Quarterly Reliability Report
No. 7 6/30/66

KIC Management Report to AC Electronics, First
Increment Performance Period Ending 30 June 1966.

CM/LM Quarterly Tech. Progress Report #7
C/M/LM Quarterly Reliability Report
Materials Report

Method of Anaiyzing Non Uniform Beams
Apollo/LM Progress Achievements 1 Nov. 1966

OUA Program Plan; Recycle Motors for Additional
Lubrication




Number

AA-66-326
AA=-66-327
AA~-66-328
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Table 2-10 (Cont.)

Title

Quarterly QC Report
Quarterly Tech Progress Report

Quarterly Reliability Report #9

All AA reports thru 66-328 are in storage
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Number
AE-66=-001

AE-66-002

AE-66-003

AE-66-004

AE-66-005

AE-66-006
AE-66-007
AE-66-008
AE-66-009
AE-66-010
AE-66-011
AE-66-012
AE-66-013

AE-66-014
AE-66-015

AE-66-016
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Table 2-11

PROJECT ENGINEERING REPORTS

Title

Configuration Determination of 2012723
Counter-weight

Evaluation and Plan of Action for Correction
of Failures Associated with SXT Shaft
perpendicularity

Evaluation and Plan of Action for Correction
of Failures Associated with SCT SDA Alignment

Evaluation and Plan of Action for Correction
of Failures Associated with SXT SDA Zero
Alignment

Measurement of Electrical Zero of 2X Resolver
Receiver on SXT Trunnion

Status of OUA/AOT‘Pgrge Valve Probdem
Trunnion Transmittance

Dust Cover Investigation

Report of Assembly Work Performed, FR 9687
Loctite Evaluation Test Report |
Status, Black Anodize of SXT and SCT Panels
Flexprints, Interim Report

Interferometric Measurement of Flatness and
Coplanarity of SXT Mirror Mounting Surfaces

Interim OUA Connector Investigation

Interim Luxorb Performar~e Review as Used
on the OUA

Manual Adjust Knobs




Number

AE-66~017

AE-66-018

AE-66-019

AE-66-020

AE-66-021

AE-66-022

AE-66-023

AE-66-024
AE-66-025

AE-66-026
AE=-66-027

AE-66-(28
AE-67-029

AE-67-030
AE-67-03)

AE-67-032
AE-67-033

[
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Table 2-~il
Title

Study of Shifts on OUA's

Effectiveness of Epoxied Wedges in Limiting
SXT SDA Shifts Induced During Vibration
Testing |

Sextant Trunnion Mirror Mount Bearing Mod-
ification

Contamination Protection Study, Ablative
Parts

Corrosion of Hardware in Shipping Containers
AGE 207 Special Thermal Vacuum Conditioning
Report on OUA Thermal Vacuum Tests

Learner Model Thermal Vacuum Tests with
Proposed New Flanged Trunnion Bearing Design

Rationale for Field Modification to SXT
Eyepiece Interchangeability Shim P/N 2012608
on OUA's Prior to AGE 205, S/N 017

Control of SXT Index Mirror Flatness
Characteristics Through SXT Index Head
Assembly -

synopsis of SCT Stiction Investigation

'~ Storage and Maintenance Requirements for

OUA Bearings and Lubrication
SXT Shaft Axis Spring-Back

SXT-SDA Variation Differences Between AC
and KI

Preforming of Self Locking (Long Lock) Screws

SXT Trunnion Hesita.ion Study
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Number

AE-67-034

AE~67-035
AE~-68-101

AET-66-001

AET-66-002

AA-67-401
AA-67-462
AA-67-403
AP-67-404
AA-67-405

Sug. 1
AA-67-406

AA-67-407
AR-67-408
AR-67-409
AR-67-410
AR-67-411
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Table 2-11 (Cont.)

Title

Purge Valve Investigation

Limit Stop Tests - Results

SXT Trunnion Limit Stop Evaluation
Proposed Methods of Obtaining a Spectral
Response Curve for the Pritchard Photo-
meter Used in the SXT Luminous Transmit-
ance Measurement

Compatability of 30 Second Star Output
of SH Simulator with Learner Model OUA

Materials Report

Quarterly QC Report

Quarterly Technical Progress Report
Quarterly Reliability Report

Thermal Analysis of OUA with Ablative

‘Shield

Be Corrosion test, Evaluation Reports &
Analysis

Apollo GFP Potential Failures

Quarterly Tech Progress Report 6-30-67
Quafterly Product Assurance Report 6-30-67
TV Retest of OUA Blk II with -4 Motors

Inventory Procedures and Inventory
Controls ' '




Number
AA=-67-412
AA-67-413

AA-67-414
AA-67-415
AA-67-416
AA-68-501
AA-68-502

AA-68-503
AA~-68-504
AA-68-505

AA-68-506
AA-~68-507
AA-68-508
AA-68-509

AA-69-601
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Table 2~11 (Cont.)

Title

Qual. Test Report of Blk II Eyepieces

Qual. Test Report of Size 8 Resolver
P/N 1012157

Materials Report

CM/LM Tri-Annular Progress Report
Product Assurance Periodic Status Report
Product Assurance Periodic Status Report

Program Period Progress Report 11/1/67 =~
2/29/68

Materials Report
Program Quarterly Presentation to AC

Product Assurance Periodic Status Report
3/1/68 - 6/30/68

Periodic Tech Progress Report
Quarterly Presentation to AC Electronics
Materials Report

Structural Analysis Review, OUA 220
Overstress

Final Report Repair Contract FNP 03700.
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Section 3

TECHNICAL APPROACH

3.1 DESCRIPTION OF OPTICAL SUBSYSTEM

The Guidance and " avigation (G & N) System is one of the Apollo
Spacecraft systems. The G & N system, located at the lower naviga-
tion station in the Command Module, performs two basic functions -

inertial guidance and opticazl navigation.

For optical navigation, a scanning telescope and sextant are
used to take sightings on celestial bodies and landmarks. The
sightings are used to: (1) determine the spacecraft position and
velocity which define the trajectory, and (2) establish proper align-
ment of the stable platform. Communications with ground tracking
stations serve as backup and may be used to assist in navigation.

The G & N system is divided into three major subsystems:
inertial, optical, and computer. The G & N system is designed so
each subsystem can be operated indepe .dently during an emergency or
backup mode. Therefore, the failure of one subsystem will not place
the entire G & N system out of commission. The three subsystems,
or combinations of subsystems, can perform the following functions:

1. Periodically establish an inertial reference which is
used for measurements and computations.

2. Align the inertial reference by precise optical sight- !
ings. B

3. Calculate the position and velocity of the spacecraft
by optical navigation and inertial guidance.

4. Generate steering signals and thrust commands necessary
to maintain the required spacecraft trajectory.

TNTE N LI A tisin

S. Provide the astronaut with a display of data which in-
dicates the status of the guidance and navigation

problem.

AR :

s

The optical subsystem enables the astronaut to take precision
optical sightings on celestial objects by means of a telescope and
sextant. These sightings are used in calculating the vehicle's
position and velocity and in aligning the IMU. The celestial bodies
serve as the primary reference for navigation of the spacecraft

with possible backup from ground stations.
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The taking of optical sightings is a semi-automatic operation
and requires the astronaut to point the optical instruments. If
the celestial objects cannot be acquired by operating the optical
controls alone, the astronaut must change the attitude of the space-
craft by commanding roll, pitch, and yaw motion with the attitude
control stick.

At the instant the optical sighting is taken, the time of
sighting and the angles of the optical instruments are recorded
by the AGC. Data pertaining to the location of the celestial ob-
jects and programs for navigational calculations have been stored
in the AGC. The navigational measurement is accomplished during
earth and lunar orbit by measuring the angles to landmarks with the
telescope and during midcourse by measuring the angle between a
landmark and a star with the sextant., The IMU is aligned during
flight by measuring the angle between the navigation base and two
stars with the sextant. The optical instruments may also be utili-
zed in prelaunch IMU alignment.

In case of a failure in the optics electronics, the astronaut
may be required to operate the telescope manually with a universal
tool and read the angles off counters on the telescope axes. 1In
such emergencies the astronaut would calculate, with possible assis-
tance from the ground, a navigational fix and velocity correction.

3.2 OPTICAL BASE

The optical base is a rigid structure in which the telescope
and sextant shaft axis components are mounted. (See Figure 3-1).
Trunnion and shaft drive mechanisms, resolvers, and angle counters
for the telescope and sextant are housed in the base assembly.
Telescope and sextant panel assemblies are mounted on the underside
of the base. The telescope panel has provision for manual position-
ing of telescope shaft and trunnion axes, and also includes viewing
windows for position angle counters within the gear box.
gear box. _ :

3.2.1 Optical Base and Navigation Base Interface

The optical base is mounted to the navigation base in the space
vehicle. (See Figure 3-1) The critical alignment of the optical
base with the navigation base is achieved with a kinematic mounting
procedure. The optical base alignment is obtained by the use of

three steel balls of equal diameter (within 40 millionths of an inch).

The balls are assembled in conical seats mounted on the optical
base. One conical seat is rididly anchored on the optical base.
A second conical seat is mounted on a "Vee" in line with the first
seat. A third conical seat has two degrees-of-freedom in the same
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7
IMU MOUNTING PADS (4) ﬁ\
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Figure 3-1. Optical Subsystem and Navigation Base
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plane as the first two. This plane is perpendicular to the sextant -
shaft axis. The mounting arrangement maintains the optical base in

the required fixed relationship with the inertial measurement unit

(IMU) and still permits freedom for tolerance variations between

optical and navigation base mounts.

3.2.2 Optical Base, Sextant, and Telescope Alignment

The scanning telescope and space sextant are mounted in two
protruding tubular sections of the opticalbase assembly. The tele-
scope and sextant shaft axes are aligned paralled to each other and
afford a common line-of-sight (LOS) to selected targets.

3.3 OPTICS AXES

The optics subassembly motion is about two right-hand, ortho-
gonal sets of axes. One set rotates in accordance with the shaft
movements of the sextant and scanning telescope. TYe other set
rotates in accordance with trunnion movements of the sextant and

scanring telescope.

Figure 3-2 shows the relationship of the optics and navigation

base axes and their associated angles. Positive rotation of the
optics trunnion about the trunnion drive axis (TDA) causes a positive

increasing trunnion angle (At)'

At all times the shaft drive axis is aligned with the navigation
) and the shaft Z axis (Z_) for a common reference

base 2 axis (2

line for the ngaigation base and optics cBordinate systems. (See
The trunnion drive axis also is aligned with the trun-
) and the shaft Y axis (Y_) at all times, giving a

e line for the two optics coordinate systems.

-

Figure 3-2)
nion Y axis (Y
common referens

3.4 TELESCOPE

The telescope (Figure 3-3) function is similar to a theodolite
in its ability to accurately measure elevation and azimuth angle of
a single target using an established reference. The telescope lenses
provide 60-degree true field of view at 1X or 20-degree field of
view at 3X magnifications. The 1lX and 3X lens are mounted in the
turrent dual eyepiece assembly. 'The telescope prism traverses through
LOS angles from 0 degrees, in line with the shaft axis, to 58 degrees
off shaft axis in either direction, thus providing a total scanning
cone of 116 degrees LOS. The telescope prism rotates 360 degrees

about the shaft axis.

R A R e

S SN

rsani sl

i L i e e

e S R R 5, ESCERAE IR



KOLLSMAN INSTRUMENT CORPORATION

3.4.1 Description

General construction of the telescope, shown in Figure 3-3,
consists of three basic assemblies: trunnion axis, shaft axis, and
base section. The trunnion axis assembly contains the prism and
mount, drive worm shaft and gear, and trunnion structure. Shaft
axis components include the tube with associated optics. Housed
on the base section are relatced drive gears, resolver receivers,
motor generators, and angle counters. In addition, to drive com-
ponents, the base section includes the telescope panel assembly.
The panel contains turret eyepiece mount, lighted bazel windows,
and manual input adapters.

3.4.2 Precision Requirements

The telescope requires accurate LOS measurement of elevation
and azimuth angle for a single target with respect to the optical
axis. Allowable LOS error in elevation is 1 minute of arc rms with
maximum repeatability of 15 arc-seconds. Shaft axis accuracy is
measured at approximately 40 arc-seconds.

3.4.3 Target Optics

Telescope target optics basically consist of a double dove
prism, unit power telescope, and eyepiece assembly. Figure 3-4
illustrates location, and light transmission function of the three
optical assemblies of the telescope.

Light source enters the target optics through the double dove
prism. The prism is attached to a mounting assembly, and driven
in elevation by a worm reduction drive. (See items 7 and 8, Figure
3-3.) Shaft axis reduction gear drives, in the optical base, rotate
the prism 360 degrees about the shaft axis. Entering light is
passed from the prism to the lens assemblies.

The unit power telescope has a 60-degree tr.ue field of view.
Components include an objective lens assembly, reticle, pechan
prism, and relay lens. (See Figure 3-4.) The objective lens is 1.25
inches in diameter, and has a 27.4 mm EFL. The illuminated reticle,
located in the optical path of the objective lens assembly, aligns
the selected target. The pechan prism is employed to erect the
target image (see prism sectional view illustrated in Figure 3-4).
The relay lens assembly reproduces the reticle image in the eye-
piece assembly. -

The eyepiece assembly consists of two individual lens systems
which provide either 1X or 3X magnification. A 60-degree true field
of view is provided by a 1X lens assembly. The assembly measures
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1.25 inches in diameter, and has 27.4 mm EFL. The 3X lens assembly et
affords 20-degree true field of view, has 9.1 mm EFL., and measures
0.41 inch in diameter.

Figure 3-4 illustrates the transmission of light source through
the telescope optics. The light is acquired by the double dove
prism, and transmitted through the objective lens assembly, forming
an image at the illuminated reticle. Light is then transmitted
through the pechan prism. The prism erects and transfers the light
to the relay lens assembly. The relay lens reproduces the image at
the eyepiece assembly. Light transmission through the telescope
optics is approximately 27 percent.

3.4.4 Telescope Servo System

A conventional single speed servo loop is utilized to position
the telescope about the trunnion and shaft axes. The trunnion drive
servo channel, with the exception of 0 and 25-degree offset relays,
is basically similar to the shaft servo channel. The command signal,
originated in the optical control stick, is fed to a selector switch
in the G & N indicator control panel. The magnitude of the command
signal is proportional to the degree of displacement of the control
stick from neutral position, while the phase relationship is deter-
mined by direction of displacement. Control stick direction is cor-
related with telescope direction; up~-down for trunnion elevation,
and left-right for shaft azimuth direction in the direct mode. The -
command signal is supplied to the appropriate servo channel by a
selector switch. Figure 3-5 illustrates the telescope position
loop.

Conventional 800-cps, size 8 resolver receivers, with accuracies
of 3 minutes, are incorporated in the telescope positioning loope.
The resolver electrical angle with respect to the shaft mechanical
angle is 1/2X, and 1lX with respect to the trunnion angle. Motor
generators, housed in the optical base assembly, are employed to
drive the telescope trunnion and shaft axes. Operating voltage is
fed to the motor control windings from amplifier modules in the PSA.

3.4.5 Readout Provision

Angular position readout of telescope shaft and trunnion axes
is provided by angle counters within the optical base. Telescope
angle counters are viewed through windows in the telescope panel,
and are readable, by the unaided eye, to within 0.02 degree.
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3.4.6 Drive Assemblies

Both telescope shaft and trunnion axes are driven by motor
generators gearnzd to reduction drives located in the optical base.
The double dove prism is driven about the trunnion axis through a
5,952:1 gear reduction ratio, which incl.:des a precision worm and
spur gear drive. (See items 7 and 8, Figure 3-3) Vorm-driven mesh
is made at 10 arc-seconds lead accuracy. Spaecial manufacturing
techniques, such as interferoneter inspection, are employed to
achieve this degree of precision.

Shaft axis drives are afforded by reduction gearing at a 2,976:1
ratio. The differential assembly within the shaft gear train per-
mits independent shaft axis rotation without introduction of rota-
tional errors in the trunnion axis. Both telescope trunnion and
shaft axes drive rates range from 50 arc-seconds per second LOS mini-
mum to 17 degrees per second LOS maximum.

3.5 SEXTANT

The sextant (Figure 3-6) is a highly accurate optical device
capable of measuring the included angle between two targets. Angular
sightings of two targets are made through a fixed beam splitter and
movable mirror located in the sextant head. The sighting head
assembly is rotatable to 270 degrees in shaft axis position in either
direction, from the zero reference point. The sextant lens provides
l.8-degree true field of view with 28X magaification. The movable
mﬁr;or ii capable of sighting a target to 57 degrees LOS from the
shaft axis.

3.5.1 Description

Three major assemblies of the sextant are similar to the tele-
scope: the trunnion axis, shaft axis, and optical base section.
The trunnion axis assemktly includes a movable mirror and mount, two
fixed-angle mirrors, beam splitter, trunnion drive g. ir .;cx, resol- .
vers, and motor generator. (See Figure 3-7) Thr ~om .caents are g
mounted in the trunnicn axis housing, which has a cylindrical base ;
and two vertical supports. The gear box Irive is mounted on one
support, and the resolvers on the other. The mirrors, beam splitter, ;
and motor generator are mounted in the center portion. The fixed 1
and movable mirrors are made of beryllium; the beryllium is Kanigen
coated and aluminized to obtain maximum reflectivity.

The shaft axis assembly comprises the objective and intermediate
optics, reticle, shaft drive gear, and resolver rotor. These com-
ponents are mounted in the protruding tube of the sextant base section

S
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Major structural components of the shaft axis are made of beryllium,
The shaft axis drive gears, motor generator, resolver stator and
housing, are enclosed in the base assembly. The base structural
components, similar to the shaft axis components, are fabricated
from beryllium.

3.5.2 Precision Requirements

The sextant requires highly accurate measurement of the LOS
angle between two selected targets. The mechanical accuracy of the
trunnion axis is twice that of the LOS requirement. The increased
accuracy is due to mirror reflection which doubles any angular dis-
placement in trunnion axis.

3.5.3 Target Optics

The sextant target optics include an indexing mirror assembly
and a beam splitter, telescope, and eyepiece assembly. Figure 3-8
illustrates relative position and light transmission function of
the four optical components of the space sextant.

The index mirror assembly contains two fixed mirrors set at a
90-degree included angle and a movable mirror. The movable mirror
is mounted on the trunnion assembly and driven in LOS angle by the
trunnion drive motor generator through a usable angle of 57 degrees.
(See Figurc 3-7) The beam splitter is assembled to the sextant
index head assembly. The head assembly is mounted on the shaft axis
assembly and driven by a motor generator in the optical base. It
can be rotated 270 degrees in either direction from a zero reference
point about the shaft axis.

The sextant telescope provides high power magnification of two
target images. Telescope components include 1.58 diameter, f£5,5
objective lens, an intermediate lens assembly, and illuminated re-
ticle. The two target images and the reticle image are located in
the focal plane of the objective lens assembly for the purpose of
aligning the target image. These components are a part of the shaft
axis assembly. (See Figure 3-3.)

The sextant eyepiece assembly consists of two relay lens and
eye lens assemblies. Together, the lens assemblies make up a tele-
microscope of 0.34 inch focal length. Individually, the relay lenses
contribute approximately 3X magnification, while the eye lens con-
tributes 2X magnification to the 28X telescope total magnification.

The simultaneous sighting of two targets is accomplished by
positioning the fixed LOS of the sextant on one target, and position-
ing the movable mirror about the shaft and trunnion axes until a
second target is acquired. (See Figure 3-8) Light from the first
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target (A) is passed through the beam splitter with approximately

20 percent transmission. Light from the second target (B) is ac-
quired on the indexing mirror. This light is reflected by a pair

of fixed mirrors back towards the underside of the beam splitter;
thus, the beam splitter combines light from both targets into the

lens system. Light from both LOS's passes through the telescope

lens system in coincidence. The telescope lens system affords high
power magnification of the two target images. Magnified target

images are then transmitted from the lens system into the eyepiece
assembly. Since there is considerable difference in light intensity
among various star anc landmark targets, the sextant optics is de-
signed to provide a suitable contrast in light intensities for twon
coincident images. (See Figure 3-8) Overall light losses in the
sextant are such that approximately 2 percent of the impinging light
is transmitted along path A (fixed LOS landmark target) while approxi-
mately 38.5 percent of the light is transmitted along path B (movable
mirror star target). The significant difference is due to the 80
percent reflectivity of the beam splitter surface. Further variation
in landmark intensity is provided by use of a polaroid filter attached

to the beam splitter.

3.5.4 Servo System

The sextant trunnion and shaft servo channels (Figure 3-9)each
utilize two-speed resolver loops, both coarse and fine. The trunnion
channel is driven at 1X and 64X speeds and the shaft channel at 1/2X
and 16X speeds. These loops are explained in paragraph 3.7.1.

Two Bendix~type multipole "pancake" resolvers are used in trun-
nion drive, and both multipole and conventional type resolvers in
shaft drive. Both shaft and trunnion drive motor generators are
operated by input control voltage source supplied from motor drive

amplifiers in the PSA.

3.5.5 Drive Assemblies

The sextant is driven by motor generators and reduction gearing
in optical base and trunnion axis assemblies. High precision gear-
ing within the base assembly affords 2,423:1 motor shaft reduction
for trunnion drive axis. A torsion spring and cam arrangement,
mounted on the trunnion drive mechanism, minimizes backlash error
in either direction of rotation. The sextant trunnion drive rate
ranges from 34 degrees per second LOS maximum, to 100 arc-seconds
per second LOS minimum. Sextant shaft drive is provided by a 3,011:1
reduction gear box in the optical base. The shaft drive rate is
from 17 degrees per second LOS maximum, to 50 arc-seconds per second

LOS minimum.
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3.6 OPTICAL SUBSYSTEM MECHANIZATION

i t and
tical subsystem mechanization positions the sextan )
teleszggeoiccording to command signals from the optics hand control
ler. A simplified block diagram of the optics mechanization is

shown in Figure 3-10.

cs functions in either the manual, computer, or zero
modestz ggi:cted by the astronaur. The manual mode is thedngrmal
optics operating mode. Zero mode is used to automatically dr vgh
the CDU to zero position prior to making an optical sighting. q ie
computer mode will be used in future systems to automatically drive

the optics to predetermined positions.

NAVIGATION | psa
INDICATOR CONTROL | SXT TRUNNION

GUIDANCE AND CDhU AND : SEXTANT AND PS A
: POSITION LOOP Al

PANEL | " Los
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| = P o e e o e e - - -
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- ITION LOOP At
| % Los
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INTEGRATING 1LOOP |
N ' SCT SHAFT
| |_of POSIZION LOOP As
‘ L0S

| scanninG TELESCOPE
: AND PSA

Figure 3-1C0. Optics Mechanization, Block Diagram

The optics subsystem mechanization is accomplished with inte-

iti hown in Figure 3-10G.
i loops and position servo loops as sk
3§Zti§3e§iﬁzgng sgrvo loops operate as a coarse-fine resolver system

for the sextant and as a coarse resolver system for the telescope.
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They send position information from the CDU to the sextant and tele-
scope. The position servo loops receive the position information
from the CDU's and drive the servo motors that position the trunnions
and shafts of the sextant and telescope.

3.6.1 Modes of Operation

The optics subsystem operates in one of three optics modes and
can be controlled in one of two control modes. An optics mode
switch on the G & N indicator control panel enables the astronaut
to select either the manual, computer or zero optics mode. In the
manual mode, the optics may be driven to a desired position with
the optics hand controller. 1In the zero optics mode, the CDU's
automatically drive to a zero position. Both of these modes are
discussed in detail later in this chapter. The computer mode is not
used in the present system.

When the optics mode switch is in the manual position, the
astronaut may select either a direct or resolved controller mode of
operation by operating the controller mode switch. The direct mode
causes the image in the optics eyepiece to move in a shaft-centered,
polar motion in accordance with the optics hand controller movement.
In the resolved mode, the image moves up-down or left-right in
accordance with the optics hand controller movement.

Figure 3-1l1 indicates the direction of target image movement in
the sextant eyepiece for movements of the optics hand controller in
both the direct and resolved mode. In direct mode, the image moves
in the R (reference) and M (measurement) coordinate system. In re-
solved mode, the image movement is in the spacecraft X-Y coordinate
system which is independent of the shaft angle. 1In either mode, the
RM coordinate system is rotated about the shaft axis through the
angle As (shaft angle).

Also, in the resolved mode shaft rotation speed is automatically
reduced as the trunnion angle is increased. The reduction in shaft
speed is necessary to keep a constant image motion rate for various
trunnion angles.

3.6.2 CDU Mechanization of Optics Subsystem

In the optics mechanization (Figure 3-12), the 1/4X resolwer
in the trunnion integrating loop and the 1/2X resolver in the shaft
integrating loop function as transmitters. The 16X resolvers func-
tion as transformers in both integrating loops. The 1/2X resolver
in the trunnion integrating loop functions as a variable gain device.
The 1X resolver in the shaft loop resolves polar coordinates into
rectangular coordinates when the optics controller mode switch is in
the resolved position. The coordinate transformation is not used
in the direct mode.
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The 64-tooth encoder, as used in the optics subsystem, generztes

two pulses per gear tooth. For operation of the telescope only,

each pulse represents approximately 1lC arc-seconds of motion of the
1/4X resolver in the trunnion loop (20 arc-seconds LOS) and 20 arc-
seconds of motion of the 1/2X resolver in the shaft locop. (40 arc-
seconds LOS). When the sextant is energized, vnly one pulse per
tooth is used and represents approximately 5 arc-seconds of motion
of the 1/4X resolver ir the trunnion loop (10 arc-seconds LOS).

RESOLVER
O296KxC RCCEIVER

MOTOR -
GENERATOR

RESOLVER COMPUTING RESOLVER
uANuAL _ RESOLVER TRANSMIT TER
(RESOLVER
02 ev O%ev 3607 v TRANSMIT TER
WHEN USED IN
\_ DIALS SHAFT LOOP) 4209

Figure 3-12. Trunnion CDU Mechanization

3.6.3 Integrating Servo Loops

The shaft and trunnion integrating servo loops{Figures 3-13
and 3-14) convert the electrical drive rate signals from the optics
hand control to shaft rotations in the CDU's. The optics hand con-
trol and the speed control (nct shown), enable the astronaut to
control the integrating loops drive rates. The speed control is a
transformer with three taps on the secondary winding. The astro-
naut may select the desired maximum optics drive rate with a three-
position switch which selects the proper transformer tap. The
trunnion LOS maximum optxcs drive rates are: 8.56 degrees per second
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for the high setting, 1.0 degree per second for the medium setting,
and 0.1 degree per second for the low setting. The shaft LOS maxi-
mwum drive rates are: 17.1 degrees per second at the high setting,
1.0 degree per second for the medium setting, and 0.1 degree per
second for the low setting. The transformer primary is excited with
28 volts t 1 percent, 800 cycles zero phase. The optics hand control
consists of a control handle, two resolvers and dead zone switches.
As the control handle is moved by the astronaut, it positions the
rotors of the resolvers. The resolver rotor windings are excited

5y the outpat of the specd control. The voltage induced in the re-
rolver stator windings will then depend upon the rotor winding ex-
sitation and the angular position of the rotor.

In the direct mode, a fore-aft movement of the control handle
.ionerates a trunnion drive rate signal, A_. A left-right movement
.ic:nerates a shaft drive rate signal A _. fhe drive rate signals are
r«w sent through the optics mode swit@h to the controller mode
:vitch and then to their, respective CDU motor drive preamplifiers.
;{ter preamplification, A_ and A_ are power amplified in the motor
¢1ive amplifiers and are Ehen us&a to drive rhe rate~damped motor
r¢ ;hometer sets. The tachometers provide a deg=2nerative feedback
v .tage for the preamplifiers. The motors position the components
»#t the CDU's to the angles A, and A_. The 1/4X resolver in the
+ *annion loop and 1/2X resol¥er in Ehe shaft loop transmit electrical
s1log woltages of A, and A_ to the sextant and telescope position
1 ps. -

The operation of the integration loops differ in the direct
ard resolved modes. In the resolved mode, the drive rate signals
# and A_ are transmitied from the optics hand controller to two .
yfrolver drive amplifiers. The A_ signal is amplified and applied =
+< one rotor winding of the 1lX reBolver in the shaft CDU. The A ¢
#iynal is amplified and applied to the other rotor winding. The* ®
rotor of the 1lX resolver is positioned to the angle A_ (shaft angle). By
Ti@ voltages induced in the stator windings are a funﬁtion of the Bt
two input voltages and the shaft angle

(A, cos A-A, sin A, and A sin A_ + A_ cos A_). The polar coordi-

nate (R and M) drive rate signals areiresolved by the 1lX resolver
into rectangular coordinate (X and Y) drive rate signals. (See

Figure 3-11) The signal A_ sin-A_ + A_ cos Ag) is sent directly

from the resolver stator winding to the trunnion integrating loop
motor drive preamplifier. '

el i

The operation of the trunnion integrating locop in the resolved
mode is similar to operation in the direct mode with the addition
of the 1/2X resolver. The 1/2X resolver is used in conjunction with
a cosecant amplifier to vary the control gain of the shaft integra-
ting loop as a function of trunnion angle.
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Figure 3-15 is a simplified diagram of the gain variation

circuit. The output from the 1lX resolver (Aé cos As - A

t

sin As)

designated as B, is summed with a negative feedback voltage from

the 1/2X resolver stator winding, designated as C sin A

t.

summed voltage is then applied to the cosecant amplifier.
cant amplifier derives its name from the sine feedback voltage.
Figure 3-15 also shows the derivation of the cosecant function.

The
The cose-~
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The output of the cosecant amplifier, designated C is equal

co As cos As - At sin As

. This output serves as the drive signal
sin At

is transmitted from the cosecant amplifier to the preamplifier of
the shaft integrating loop.

The cosecant amplifier functions as a variable gain device
between trunnion angles of 10 to 60 degrees. The gain is 5.76 volts
per volt (t 10 percent) at 10 degrees and 1.16 volts per volt
{(t 10 percent) at 60 degrees. This makes the image angular velocity
independent of the size of the trunnion angle by decreasing the
shaft speed as trunnion angle increases.
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When the drive signal from the cosecant amplifier is applied
to the shaft integrating loop motor drive preamplifier, the loop
operates in a manner similar to that described for direct mode.

3.6.4 Zero Optics Operation

The zero optics mode nf operation is established by the astro-
naut prior to mating an optical sighting. In zero optics, the CDU
servo loops are d.:ven to electrical zero and the shaft and trunnion
axes of the sextant follow to an optical zero based on the coarse
resolver only.

Zero optics mode is initiated when the astronaut moves the
optics mode switch on the G & N indicator control panel to the zero
optics position. 28 volts 800 cps is then applied to the CDU motor-
tachometer set. The tachometer feedback voltage is removed by re-
lay action from the motor drive preamplifier that has been used in
operate and applied to the other motor drive preamplifier (refer to
figure 3-16). The motor drive preamplifier also receives an input
voltage through a two-speed switch. The two-speed switch is an
electronic switching device which uses diodes to allow the coarse
resolver output to drive the loop close to zero and then to switch
to the fine resolver output to refine the position to the zero
point. Another set of relays, one in the trunnion loop and one in
the shaft loop, is energized in the zero optics mode. These relays
provide a reference voltage to the fine resolvers for zero position-
ing of the sextant trunnion and shaft CDU's. The sextant position
coarse servo loops drive the sextant optics to an optical zero
position. :
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3.7 POSITION SERVO LOOFS

The position servo loops position the optics trunnion and shaft
in accordance with position information transmitted from the inte-
grating servo loops.

3.7.1 Sextant Position Servo Loop Operation

The sextant trunnion and shaft position loops (Figure 3-17)
are two-speed (coarse-fine) loops. Each trunnion loop uses a 1X
resolver to receive the coarse A, position signal from the 1/4X
resolver transmitter in the trunﬁion integrating loop. The coarse
A, signal is compared with the value of A existing in the position
lSop. If the A signal magnitudes are larae enough, the two-speed
switch routes it through the motor drive preamplifier to the motor
drive amplifier. The amplifier output drives the motor-tachometer.
When the coarse A A_ signal magnitude becomes too small to pass
through the two-spee& switch, the fine A A_ signal is switched into
the circuit to refine the trunnion positioﬁ.

The position loop fine A_ is developed in a 64X resolver and
transmitted back to the 16X r&solver receiver in the trunnion inte-
grating loop. At this point, a fine A A_ signal is developed and
sent to the two-speed switch to eventualfy drive the trunnion posi-
tion loop as described previously.

The sextant shaft position loop operates in the same manner as
the trunnion position loop except that a 1/2X resolver is used for
coarse positioning and a 16X resolver is used for fine positioning.

3.7.2 Telescope Position Servo Loop Cperation

The telescope position servo loops (Figure 3-18) differ from
the sextant position loops in that they are single-speed servo loops
(coarse only). The trunnion loop also utilizes two relays for 25-
degree and zero-degree offset operation.

The telescope trunnion position loop receives A_ command signals
from the 1/4X resolver transmitter in the trunnion integrating loop.
The A, signal is sent to the 25-degree offset relay and the zero-
degre& offset relay. If the astronaut has not selected either offset
the relays will be deenergized and will route A_ to the 1lX resolver
receiver in the position loop. The resolver reEeiver compares the
values of integrating loop A, and position loop A_ to uevelop a
A A_ signal is applied to th& motor drive preamplffier. The pre-
ampfifier output drives the motor-tachometer until A4 A, is cancelled.
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when 4 A_ is cancelled the telescope trunnion is positioned at the
proper vglue of A_. If the astronaut has selected either the 25-
degree offset or Sero-degree offset for the optics, the respective
relay will be energized and will replace the A, signal from the
integrating loop with a voltage to drive the télescope trunnion to
the desired offset position.

The telescope shaft position loop does not have the offset
relays in its circuitry. The A_ signal is transmitted from the
1/2X resolver transmitter in th& shaft integrating loop dirazctly
to a 1/2X resolver receiver in the shaft position loop. The resolver
receiver compares the integratingloop A_ with the position loop A
to develop a A A_ signal. The A A sigﬁal is sent % the motor-
drive preamplifigr. The preamplifier output drives the motor-tacho-
meter to cancel the A A_ signal. When A A_ is cancclled, the tele-
scope shaft is positiongd at the desired aggle.

The telescope position servo loops have a manual input device
and are provided with readout counters for A, and A_. The sextant
position loops do not have manual inputs or Feadout®counters.

3.8 POWER SUPPLIES

The 28-volt dc prime power for the optical subsystem is pro-
vided by the spacecraft +28-volt dc fuel celis or batteries and is
routed through the dc bus to the optical subsystem power supplies,
panels, and relays. The ac voltage inputs are supplied as 5-volt
signal pulses to the optical subsystem power suppliss from the
AGC scaler.

3.8.1 Optics 800-CPS Power Supply

The two optics 800-cps power supplies are located in the CDU
PSA tray 6. They are identical to the £00-cps supplies of the in-
ertial subsystem. The output “rom the 800-cps, l-percent supply
is used for CDU tachometer and resolver excitation. The output of
the 8i0-cps, 5-percent supply is used for CDU servomotor excitation
and for sextant power.

3.8.2 Optics 25.6 KC Power Supply

The optics 26.6-kc power supply is located in PSA tray 2. It
is identical to the inertial 25.6-kc power supply. The output of
the optics 25.6-kc power g£.pply is used to provide optics encoder
excitation.

3=-30




KOLLSMAN INSTRUMENT CORPORATION

3.9 DISPLAY AND CONTROL PANELS

The lower display and control panels prcvide the navigator
with a means of manually controlling and monitoring G & N system
operation. The lower display and control panels contain te nanels
required to monitor and control the optical subsystem. These
panels are the G & N indicator control panel, the optical panel,
and the map and data viewer.

3.9.1 G and N Indicator Control Panel

The G & N indicator control panel (Figure 3-19) contains the
controls used to operate the optical subsystem. These controls
are the op.ics hand controller, sextant power switch, optics mode
control selector, tracker button, direct-resolved switch, slave
telescope switch, mark button, and optics speed switch. The panel
also contains photometer controls to be utilized in future s’stems.

The optics hand controller positions the sextant and telescope
about the optics trunnion and shaft axes. The control stvick can
be moved up or down and left or right. The angular rate of travel
of the optical line-of-sight is proportional to the stick position.
A switch dead zone prevents the optics servo loops from moving the
optice when the control stick is at center position.

The sextant power switch is a toggle switch that applies power
to the sextant. The sextant power is separate from the rest of
the optics subsystem. A signal indicating operation of the sextant
power switch is sent to the AGC and to the decoder to change the
trunnion "bits per tooth".

The optics mode control seiector is a position rotary switch
whiich selects three optic modes of operation: zero optics, manual,
and computer.

In the zero optics mofs, the CDU resolver feedback loop is
closed and excitation is applied to the CDU tachometer to drive the
CDU resolvers to electrical zero.

In the manual mode the sextant and telescope can be controlled
by the optics hand controller for normal operations.

‘The computer mode is not used in the present G & N system but
is included for use in the future. The tracker button is a push-
button switch which controls application of power to the optical
tracker for automatic tracking of a star or other light scurce.

3-31




GPIKS MARD (LN ROLLEN

ﬁ—u— orTICS presrenpym
%

T TRACER L]
239

@t.‘f::" ! (&)

R
67
J@

%‘yf AD

wanuay

Lemp0ey cown1gn
Y @ Rl
N

181G
’ PCOOLVED

42000

Figure 3-19. G & N Indicator Control Panel, Optical Subsystem

The direct-resolved switch is a two-position toggle switch
(direct and resolved) which provides LOS movement in the RM coordi-
nate system and XY coordinate system, respectively. See Figure 3-11.

With the direct-resolved switch in direct position the shaft
and trunnion axis servos are commanded directly by the optics hand
controller stick. Right-left motion of the stick controls negative-
positive shaft rotation; up-down motion of the stick controls the
increase or decrease of the trunnion angle.

With the direct-resclved switch in the resolved position, the
inputs to the shaft and trunnion axes command servo are resolved.
Right-left and up-down movements of the optics hand controller
stick result in right-left and up-down motions cf the fields of
view.

The slave telescope switch is a three-position toggle switch

which is used to align the telescope trunnion axis for navigation
fixes. When the slave telescope switch is at the landmark LOS zero-
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degree setting, the telescope trunnion is driven to zero. At the
offset 25-degree position 0Of the switch, the telescope trunnion is
driven to a 25-degree offset from the shaft axis. With the tele-
scope trunnion offset 25 degrees, the landmark can be held in the
2-degree circle and the shaft axis is rotated to acquire to a target
star. When the target star has been acquired, the star LOS position
of the slave telescope switch is selected. When the slave telescope
switch is at the star LOS position the telescope trunnion axis is
slaved to the sextant line-of-sight.

The mark button is a momentary contact pushbutton switch which
supplies an interrupt signal to the AGC to permit insertion of
optical angles, time of measurement, and if the IMU is operating,.
the IMU gimbal angles.

The optics speed switch is a three-position toggle swit.ch which
selects three ranges of speed control for the optics hand ccntroller.

The attitude impulse coatrols are used to control the attitude
of the spacecraft. These controls are the attitude impulse disable
button and the attitude impulse control. The attitude impulse dis-
able button transfers spacecraft attitude control to the minimum
impulse controller. The attitude impulse control is a three-degree-
of-freedom, pencil-type controller used to control spacecraft attitude
with the attitude impulse jets. This control can apply individual
or any combination of roll, yaw, and pitch impulses. The attitude
impulse control holds spacecraft drift to a minimum when optical
measurements are made.

3.9.2 Optical Panel

The optical panel contains the eyepieces for the telescope and
sextant and also contains fittings and readouts used during position-
ing of the telescope. It is lccated in the center of the lower dis-
play and control panel.

The telescope is a single line-of-sight instrument used to make
navigational measurements during earth or lunar orbit. It also is
used to acquire landmarks or stars for navigational fixes. The tele-
scope is located on the right side of the optical panel. The navi-
gator can position the eyepiece  use either of two lens assemblies
for viewing a target. One lens a.-embly provides a 60~degree field
o? view, the other lens assembly provides a 3X, 20-degree field of
view. ‘

The sextant is a precision, dual line-of-sight instrument used
to make angular measurement between star and landmark or to make
single star sightings. A 28X, l.8-degree field of view is provided
for each sextant LOS. The sextant contains o.ly one eyepiece and
is located on the left side of the optical panel.
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The telescope manual control allows the navigator to operate
the telescope manually when servo control is not possible. Tre
manual controls consists of allen~head fittings recessed in the optics
panel. Manipulation of one allen-head fitting positions the tele-
scope trunnion angle. Another allen-head fitting positions the tele-
scope shaft angle. The telescope shaft and trunnion axes angles are
displayed by counters on the optics panel. These counters are
accurate within 0.02 degree.

3.10 MAP AND DATA VIEWER

The map and data viewer provides visual display of pertinent
data for astronaut orientation and also contains 11 lamps which
indicate the status of critical G & N system circuits. (See Figure
3-20)

Information, such as navigation charts, computer settings,
flight instructions, etc., is contained on l6-millimeter film and
stored in mechanized cartridges. Each cartridge holds sufficient
film to catalogue 2,000 separate frames of data. The data is pro-
jected onto the rear of a screen and is viewed from the front of
the map and data viewer panel.

The 11 condition lamps are mounted vertically on the map and
data viewer front panel. When lit, each lamp indicates a G & N
circuit malfuncticen.

3.10.1 Functional and Cperational Description

Pertinent informetion, stored on individual film frames, is
selected by the astromaut in much the same manner employed for pro-
jecting standard microfilm pictures on a screen. A specially built
projection lamp illuminates the selected frame. The frame image is
projected onto beryllium mirrors within the map and data viewer,
and reflected onto the back of a translucent screen (See Figure 3-21).
Screen displays are viewed through a 6-inch by 8-inch opening in the
front panel.

Map and data viewer controls are located on two individual
panels. Manual operating and adjustment controls are in the wmap and
data viewer front panel assembly: other operating controls are
located on the G & N panel. The controls and their respective
functions ars as follows: :

1. Focus adjustment - manual, provides adjustment of

projector lens to allow alignment of projected
film image size with viewing screen.
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Figure 3-20. Map and Data Viewer

2. Reticle adjustment - manual, provides lateral adjust-
ment of viewing screen to enable the astronaut to
align the projected image with reticle indices on the
screen face, thus providing measurement of coordinate
positions on projected maps.

3. Manual frame selectro, provides manual handwheel control
for vernier adjustment of projected image. Also, serves
as standby film frame selector in the event of remote
control malfunction.
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4., Step silm control, provides remote operating control
for transferring film in single frame increments.

5. Slew film control, provides remote operating control
for driving film at speed from 0 to 20 frames per
second.

The map and data viewer consists of the following major func-
tional components: cartridge, gear box, panel and door, optics,
and electronics assemblies. Descriptive and functional information
on these assemblies is provided in the following paragraphs. Most
structural parts of the components are fabricated from beryllium.
Overall physical dimensions of the map and data viewer are: height,
9 inches; length, 24 inches; and width, 9 inches.

3.10.2 Description of Optics

Map and data viewer optical components consist of condensing
lenses, a dichroic mirror, focusing lens, and two polished, nickel-
coated beryllium mirrors. (See Figure 3-21)

The optical system is designed to provide maximum possible re-
solution and magnification. The optics deliver 18.5:1 mini~um mag-
nification with a resolution of 7 lines per millimeter.

Light from the projection lamp is transmitted through the con-
densing lens onto a dichroic mirror. The mirror reflects light and
also transfers thermal energy from the projector lamp to a heat sink
assembly. Reflected light from the dichroic mirror is then brought
into the cartridge film gate. From the film gate, the image is
projected to a pair of beryllium mirrors and focused on the back of
the viewing screen.

3.10.3 Cartridge and Gear Box Assembly

The cartrxdge assembly is an interchangeable film storage
container. {See Figure 3-22) Each cartridge assembly is preloaded
with approximately 50 feet of lé-millimeter color film.

The assembly comprises a housing, two spools, film gate, drive
sprockets, and gears. Gears (A, Figure 3-22) and (b) of the in-
stalled:cartridge extend bevond the aluminum housing to engage driv-
ing components of the gear box assembly. -Cartridge gear assembly
~(C) is a specially designed drive gear arrangément. Incorporation
cf the drive assembly (C) provides angular correlation between
drive sprockets (D) and the external gear assembly.

3-36




TOP VIEW
£ = =

SERYLLIUM MIRROR SERYLLIUM MIRROR

PROJECTOR LruP

CONNECTOR : :
~<L ]
b T -~ 1
PROVECTOR LENS | : S~
‘ by I
FILMOATE 1 ' |
N l | \ -3
- | . ' \
CONOENSING LENS \“_. h \ .
- ! \
——~—— ' \
§ i
JL- \

=
S
N

N\
N
v

g

CONDENSING LENS © DOOR DICHROIC SEARSOX ASSY
. ASSY MIRROR

FRONT VIEW

FRONT PANEL
( h -
| ! '.1‘ ' o & o
R ’ “w o
/[ \ \\ AN <
OUOR ASSY FOCUS CONTROL 1IBANVAL RETICLE - VIEWSCREEN CONDITIONR
FRAME SELECTOR ADJUST AND RETICLE LIGNT ASSY
421290

LE-E

figure 3-21. Map and Data Viewer Component Arrangement

LA SRS IYRRTE X 1 Retg V|

§ -~ - Y
28l LMs

-
-

NDLYN



KOLLSMAN INSTRUMENT CORPORATION

- o wedp

CARTRIOGE
/ HOUSING 1

ORIVE SPOOL
GELAR (A}

O ouMN FILY <

TEFLON
ROLLER

$PO0L
/ ASSEMBLY
r

. PROJECTOR
FILM

' LENS (NOT
GATE PART OF
~{-- CARYRIDGE
”

ORIVE GEAR —
SPROCKE Y
ASSEMBLY (C)

e o

P

9-TOOTH DRIVE
SPROCKET (0)

SPOIL

) / ASSLMBLY

_DRIVE $POOL

oIan (Q)\

SECTION AA

Figure 3-22. Map and Data Viewer Cartridge Assembly

3-38




KOLLSMAN INSTRUMENT CORPORATION

Gear box components include housing, drive motor, resolver,
clutch, and gear assemblies. Slip clutch and override clutch
assemblies are installed between the sprocket drive shaft and spool
drives. During operation, reduction gear drive shaft velocity re-
mains constant; however, film speed can vary according to the radius
change resulting from spool take-up. The slip clutch arrangement
allows the feed-out spool to unwind uniformly regardless of film
speed changes.

3.10.4 Panel and Door Assembly

The panel is a rigid structure fabricated from l-inch beryllium
The bottom and sides are permanently fastened at the edges and
corners.

Access to the map and data viewer components is gained by use
of a swingout door mounted on the map and data viewer panel. Com-
ponents of the door assembly include projection lamp and mount,
dichroic mirror, condensing lens, and heat sink (See Figures 3-20
and 3-21). When necessary, cartridge change, focus adjustment, and
map and data viewer component may be replaced. The design of the
door assembly facilitates these operations.

3.10.5 Eiectronics Package

The map and data viewer electronics assembly comprises a welded
module ir:.luding four relays and transistorized components. The
circuitry incorporates necessary switching and amplification func-
tions to provide remote stepping or slewing operations.

3.11 ALIGNMENT OPTICAL TELESCOPE

The AOT (Figure 3-23) is a manually operated, periscopic,
optical instrument located in the forward structure of the LM. It
is mounted on the nav base with the shait axis parallel to the LM
X axis, and the upper portion of the shaft protruding from the top
of the LM.

Physically, the AOT is an L-shaped structure formed by the per-
pendicular intersection of two major assemblies. These assemblies
are the telescope shaft and the telescope eyepiece. The major
assemblies are jointed by a horizontal flange joint at the base of
the telescope shaft assembly. In general, structural components
such as housings and mounts areé machined beryllium, .spacers are
aluminum, and threaded parts that engage beryllium are made of cor-
rosion resistant steel. On AOT 6011000-041 and abecve, a radar
shield is mounted on the prism shield plate to keep light reflected
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by the rrendezvous radar ancenna from entering the AOT optical
system. On AOT's 6011000-073 and -091, the prism shield and radar
shield are removed and replaced with the conical sunshade and radar
shield assembly 1, Figure 3-23) which is attached to the inner

housing assembly. All current operational AQOT's conform to the
configuration shown in Figure 3-23,

3.11.1 Telescope Shaft Assembly

The telescope shaft assembly consists of a stationary outer
housing assembly and a rotatable inner housing assembly. 1t con-
tains the shaft positionir.g mechanism assembly, most of the AOT
optics, and a prism shield.

The inner housing assembly is bearing mounted within the outer
housing assembly with the vertical axes of bnth assemblies coinci-
dent. This mounting permits the inner housing assembly to be
rotated through 360 degrees about the shaft axis. Six detent posi-
tions are provided to lock the shaft at each 60 degrees of rotation.
Orientation of the inner housing assembly is accomplished by manu-
ally turning the shaft positioning knob (Figure 3-24). By position-
ing the shaft, the head prism (mounted in a fixed poszition to the
inner housing assembly) is positioned to the desired field of view.

3.11.1.1 Outer Housing Assembly

The outer housing assembly is a beryllium cylinder approxima-
tely 27 inches with a 3-inch ‘bore diameter and a wall thickness of
about 0.100 inch. It houses the shaft positioning mechanism and
shaft bearings. The outer wall of the cylinder is flanged to accept
the rubber pressure seal and flame guard bellows that interface
with the outer wall of the .M bulkhead. Iour machined mounting pads,
which are used to mount the AOT to the nav base, extend at right
angles from the outer wall of the cylinder.

The shaft positioning mechanism consists of hexagon knob and
bevel gear mounted on a common shaft with a pressure seal inter-
posed between them, and a cantilevered detent disc spring with a
ball bearing welded on the free end. The shaft positioning mechan-
ism mates with a bevel gear and slotted detent mounted around the
outer periphery of the inner housing assembly. The purpose of the
shaft positioning mechanism is to provide a means of manually posi-
tioning the optics head prism, attached to the inner housing assembly,
to each of six viewing positions, left (L), forward (F), right
(R), are set 60 degrees from each other while the prism proutec-
tive position, closed (CL), is set 180 degrees from the forward
position. Two additional positions, L, and RR' which are not used,
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are located at 60 degrees on either side of the CL position. A

lock is provided at each position by the welded ball bearing as it
slides into the 60 degree spaced grooves of the inner housing assembly
slotted detent. For AOT's 6011000-073 and -091, the prism shield

is removed and all six viewing positions are utilized for sightings.

The prism shield is attached to the upper end of the outer
housing assembly by two bolts on AOT's 6011000-081, 072, and below.
All units above the 6011000-081 configuration utilize prism shields
furnished as GSE. This provides the required protection against
damage whenever the conical sunshade and radar shield assembly is
not installed. The GSE prism shield:, together with the transparent
prism and head protection cover, comprise the AOT protective cover
set, part number 6014329. This unit primarily functions as a

L — SHAFT

@ e— POSITIONING

F ' KNOB

(f—-k\~f)_. Focus

CONTROL
, —
FOCUS
ADJUSTMENT
CAM LOCK N 1 , =

\ .
\\\\ / ' __RETICLE
(~ - POSITIONING
o KNOB
[ ]
IN- DRAG CONDITION
000 oil - ('OUT-FREE ROTATION )
Y - -
/

ANGLE
COUNTER

Figure 3-24. AOT Controls
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protective shield fcr tnhe optics head nrism against such hazards
as dust, etc. The prism shield also acts as part of a labvrinth
gseal that aids in reducing the evaporation of the shaft ball bear-
ing lubricant. With the head prism facing the rear of the LM, the
shaft closed (CL) position, the prism is completely e¢nclosed by
the prism shield. A spacer is mounted hetween the rrism shield
and outer housing assembly. This spacer is 'machined to allowv a
clearance of only 0.0035 ($0.0015) inch between the inner wall of
the prism shield and the hecad prism mount.

3,11.1.2 Inner Housing Assembly

The inner housing assembly is a beryllium cylinder which is
stepped externally to provide seating and retaining surfaces for
the shaft ball bearings and internally for seating some of the shaft
optics. A bevel gear and slotted detent, used in positioning the
inner housing assembly in the previously described viewing and pro-
tective positions, is mounted about the lower periphery of the cylin-
der. Most of the AOT optics are contained within or mounted atop
the inner housing assembly. The optics consist of the head prism,
objective lenses, relay lenses, and two sets of light baffles. All
of the optics are centrally aligned, axially located, and carried
in azimuth rotation about the shaft axis with the cylinder. A
special wave washer at the lower end of the shaft provides ¢ pre-
determined load on the shaft bhall bearings.

The head prism housing assembly, ccnsists of the head prism,
prism housing, and prism mount. It is mounted to the objective
lens housing assembly on top of the inner housing assembly. The
prism housing and mount are machined berylllum and are held to each
other by three bolts. The prism, which is inserted between the
housing and mount at a 45 degree angle, is held firmly in place by
the adjustable force of a leaf spring and epoxy. The leaf spring,
located in a recess in the prism housing, is forced to bear down
on the rear (hypotenuse) surface of the prism. A U-shaped element,
extending upward from the prism mount along the lower face of the
prism, acts as a forward retaining surface for the prism. The
element also serves as an aperture defining the optics lower field
of view. The purpose of the head prism housing assembly is to
gather the impinging light rays of the 60 degree field of view. The
prlsm then refracts these rays through a circular passage in the
prism mount, concentric with the optical centerline, to impinge on
the first element of the objective lens housing assembly.

The objective lens housing assembly, to which the head prism
housing assembly is mounted, is mounted to the upper end of the
inner housing assembly cylinder by six bolts. The assembly consists
of two doublet lenses, the aspherical field lens, spacers, and re-
taining rings. The retaining rings hold thes. optics in radial and
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axial position. The purpose of the objective lens housing assembly -
is to minify the light rays received from the head prism by 5 power,

and focus these rays at the first focal plane of the AOT. The

first focal plane is at the exit side of the aspheric field lens.

The relay lens housing assembly is precisely positioned axially
inside the stepped lower portion of the inner housing asrembly cyl-
inder. The relay lens houvsing ¢ sembly is held in place by a
spacur retained against the stepped inner surface of the cylinder
above the assembly and below, by a long spacer and a threaded re-
tainer which mates with the lower end of the cylinder. The assembly
consists of two identical léns cells and a spacer held together
by a threaded coupling ring. The lens cells are power matched and
mutually focused. The purpose of the relay lens housing assembly
is to collect the minified image light rays from the objective lens
housing assembly &and focus them at the second AOT focal plane. This
focal plane is coincident with the telescope eyepiece assembly re-
ticle in a vacuum environment for AO? 6011000-021 and above, and
in an air environment for ACT 6011000-000 and 6011000~011.

N The conical sunshade and radar shield assembly is supplied for
installation on AOT's 6011000-073 and 6011000-091., The asserbly
consists of sunshade ard radar shield, clamps, shims, and attaching
hardware (1, Figure 3-23) for attachment to the inner housing assem-
bly. The assembly is shipped and stored in its own shipping con-
tainer for installation on the AOT after it has been installed on -
the spacecraft. The function of the assembly is to prevent stray
light which is reflected off the skin of the spacecraft and other
reflecting surfaces from entering the optics of the AOT. The
assembly makes it possible for the astronaut to perform star sight-
ings without havir_ the reflected lighl blanking out the light
emitted fromthe stars.

3.11.2 Telescope Eyepiece Assembly

Mounted on the lower end of the telescope shaft assembly, the
telescope eyepiece assembly is the reticle positioning, angle read-
out, and target-reticle image viewing portion of the AOT. The
assembly consists of a mirror and window housing assembly, a worm
and gear housing assembly, and a lens housing and eyeguard assembly.

3.11.2.1 Mirror and Window Housing'Assembly

The mirror and window housing assembly is a beryllium, 90
degree elbow with two cylindrically flanged ends. It contains an
image deflectina mirror and pressure sealing window.

The mirror is machined from 1/2 inch beryllium, heat treated,
nickel plated, aluminized, and optically polished. It is mounted

nt”
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in the elbow at 45 degrees to the horizontal eyepiece. This unit
provides a means of diverting the target image from the vertical
optical centerline of the shaft optics to the horizontal optical
centerline of the eyepiece optics.

The window is mounted in a packing ring which is seated in a
groove inside the upper portion of the assembly. This unit acts
as a seal between the upper AOT components, exposed to the environ-
mental conditions outside the LM, and the eyepiece optics. Having
no optical qualities, the window transmits the target image without
change from the relay lens housing assembly directly to the mirror,

3.11.2.2 Worm and Gear Housing Assembly

The worm and gear housing assembly is a beryllium casing con-
taining the reticle and counter drive gear mechanism. AOT reticle,
and angle counter. This assembly is mounted to the pressurized end
of the mirror and window housing assembly and serves as a mounting
receptacle for the eyepiece lens assembly.

The reticle and angle counter drive gear mechanism consists of
a transverse worm shaft connected at one end to the angle counter
and at the opposite end to the manually operated hexagon control
knob. On AOT 6011000-062 and above, the reticle positioning knob
has been equipped with a drag mechanism to prevent free rotation of
angle counter when hand is removed. (See Figure 3-24) The worm
shaft meshes with the reticle drive gear. This mechanism provides
a means of manually positioning the reticle and transmitting that
position to the counter where it is read out in terms of angular
displacement.

The counter is a continuous readout counter. The counter pro-
vides angqular readouts from 000.00 degrees to 359.99 degrees. The
resolution of the counter is t 0.0l degree (equivalent to * 36 arc
seconds). To preclude the possibility of fogging and corrosion,

AOT 6011000-062 and above include a hermetically sealed counter with
wedge lighting for ease in viewing.

The reticle is positioned at the second focal plane between
two plano-plano (glass) discs. The reticle pattern is etched on
the surface of one disc and covered by the other disc for protection.
The reticle discs are secured with epoxy in a cover ring which is
then clamped at three points in the drive gear for planar adjust-
ment. The reticle drive gear, mounted on ball bearings in the hous-
ing assembly, provides precision positioning of the reticle in coin-
cidence with the angle counter readout.

In AOT 6011000-021 and above the reticle is positioned so it
is in focus under vacuum conditions. The dilference in indices of
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refraction for vacuum and air under normal conditions causes the

target to focus at a plane that is not coincident with the reticle
when the AOT is used in an earth environment. When in an earth en-
vironment, either target or reticle can be brought into focus with
the eyepiece, but both cannot be brought into focus simultaneously.

Ten miniature lamps are mounted é&bou: the periphery of the
reticle to supply the reticle with edge lighting. For AOT 6011000-
062 and above, the ten miniature lamps have been painted red to
preclude false star indications caused by imperfections in the re-
ticle. A star appears white, while reticle imperfections appear
red. To preclude the possibility of fogging because of the presence
of moisture and low temperatures, AOT 6011000-021 and above include
an electr’cal heater on the eyepiece assembly. On AOT's 6011000-0381
and above, a heater protective cover and reticle lamp protective
cover have been installed.

3.11.2.3 Lens Housing and Eyeguard Assembly

The lens housing and eyequard assembly is a beryllium cylinder
containing the eyepiece lens assembly and focusing mechanism, and
a rotatable rubber eyeguard. The agsembly is inserted into and
attached to the worm and gear housing assembly. This assembly is
the image exit portion of the AOT.

The eyepiece lens assembly consists of three lens doublets of
5 power. This power is matched to the objective lens power provid-
ing an image exit power of unity. The eyepiece lenses are contained
in a cylindrical aluminum adapter that is attached to the movable
focus control handle. The aluminum adapter moves the eyepiece lenses
axially in the housing when driven by the manually operated focus
control handle. It thus focuses the viewed image to the exit pupil.
The focus control handle protrudes from a helical slot in the lens
housing. In AOT 6011000-021 and above, a focus adjustment cam lock
(located below and to the left of the eyepiece) can be swiveled,
rotating a cam to lock the focus adjustment in a selected position.
When the handle is returned to the in-line position, the cam lock
is released. ‘

A rotatable eyeguard is fastened to the end of the eyepiece
lens assembly. It is made of non-toxic synthetic rubber and is a
axially adjustable for head position. The adjustment allows for
differences in facial contours. The rotatable eyeguard is used
when the astronaut takes sightings through the AOT with his face
mask opened.
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A fixed eyeguard 1s cemented to the image exit end of the long
eye relief (LEKR) eyeplece lens assembly (Figure 3-25) in AOT 6011000-
041 and above. It is made of non-toxic synthetic rubber in an an-
nular shape. The rotatable eyeguard is removed from the AOT_when
the astronaut takes sightings with his face mask closed. During
these sightings, the fixed eyeguard prevents marring of the face
mask when pressed against the eyepiece lens assembly.

LER EYEPIECE LENS —
ASSEMBLY

FIXED EYEGUARD
ROTATABLE N}
EYECUARD
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'Figure 3-25. AOT Eyeguard Assemblies
3.11.2.4 AOT High Density Filter Assembly

The AOT high density filter assembly (Figgre 3-26) is suppl@ed
as a piece of auxiliary equipment to be used in thg Apollo mission.
The assembly consists of a retainer assembly and.hlgh density filter.
The retainer assembly contains two lever assemblies mounted on a
flexible pivot. The lever assemblies grip the threaded portion of
the fixed eyeguard when installed in place of thg rotatable eyeguard.
(See Figure 3-25). The function of the assembly is ito prevent damage
to the astronaut's eyes by accidental direct viewing of the sun.

RETAINER
ASSEMBLY

CLAMPING
LEVER

HiGH DENSITY
FILTER

Figure 3-26. AOT High Density Filter Assembly
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SECTION 4

ENGINEERING

In order to best support the design and fabrication phases of
the Apollo prime equipment Kollsman Instrument engineering was
broken into two categories: External Engineering and Internal
Engineering.

The prime objective of external enginee 'ing was to interface
with MIT/IL during the early design stages to ensure the establish-
ment of close communication and liaison between the design area
and KI, itself. Further, external engineering being knowledgeable
and conversant in the field of opto-mechanical systems, was able
to contribute constructively to the design discussions, detail de-
sign, and recommended changes. Such changes were recommended on
the basis of post-engineering and manufacturing experience.

Toward this end, external engineering was assigned resident
positions at the MIT location. The relationship and interface be-
tween this group of Kollsman engineers with MIT and with Kollsman
internal engineering contributed greatly to the end result of pro-
ducing sophisticated Apollo program equipment on a timely and high
guality level basis.

Internal engineering represented the in-house engineers who
had the prime responsibility of ensuring that the flight equipment
would be manufactured at a high reliability level, and to provide
the tools, test equipment, plans, and technical knowledge so this
could be achieved on a timely and expeditious basis.

Internal engineering's interface with external engineering
kept them abreast of all design developments and projected mile-
stones. This allowed them to move out judiciously in many areas,
even during the early design phases. This arrangement proved most
effective throughout the early design phases of the Apollo Program,
not only for Kollsman, but for the total program itself as it pro-
vided the necessary impetus for the program "kickoff".

4.1 ENGINEERING - PERIOD ENDING 31 DECEMBER 1962

4.1.1 External Engineering

In the beginning, the External Engineering group effort at
MIT/IL was mainly confined to the execution of the Sextant and
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Scanning Telescope designs. The execution of the Data Display Unit
design was entirely in MIT/IL hands.

The sextant design, itself, was formulated in its main outline
by MIT before Kollsman participation began, except for the eye-
pieces and portions on the astronaut's side of the bulkhead;
whereas, the Scanning Telescope design was in Kollsman's hand since
the {formulation of requirements.

The MIT designs, as they initially existed, were examined and
proposals for improvements were discussed. Action was deferred on
most changes until a redesign phase was feasible without endanger-
ing the schedule. From the beginning, the following tasks were
accomplished for the period ending 31 December 1962.

l. The scale reading optical and mechanical design was
worked out with improvement to provide simultaneous
readout of star and landmark scales.

2. The mounting of the double dove scanning prisms for the
telescope was completed and released. A rough draft
report on the manufacture and mounting problems was
completed.

3. The Scanning Telescope Shaft and Trunnion Axis ge.rboxes
were well along in detailing and Kollsman manufacturing
review when this effort was laid aside for redesign re-
sulting from the elimination of hand cranks for manual
shaft and trunnion inputs. The redesign resulted in
substantial design simplification and weight saving.

The long lead item - the optical base - was affected but
by careful coordination, the delay was held to acceptable
limits.

4. The Scanning Telescope eyepieces were in mechanical de-
sign, based on tentative optical information.

5. The Sextant head was 75% through a mechanical design re-
finement stage. Detailing of the Telescope was a major
portion of the effort during December and the internal
review of the final package of drawings was completed.

6. The layout of the flexible wiring arrahgement for accom-
modating shaft rotation was completed.

7. Final optical design of the Sextant eyepiece system, in
effect a "telemicroscope" available at the end of
December, permitted completion of this phase of the
Sextant Design.
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8. The Optical Base layout, and detailing was proceeding
concurrently with frequent liaison between Kollsman engi-
neering and manufacturing personnel and the Beryllium
fabrication vendors.

Unresolved questions of basic approach and lack of data on
ambient high level slowed the design somewhat. Steps were taken to

resolve these questions which permitted a firm design course during
early 1963.

Kollsman participation in the design of the Ma» and Visual
Data Display unit was begun at this time, December 1962.

4,1.2 1Internal Engineering

One of internal engineering's first efforts was the prepara-
tion of a Development Plan (T.D. K-2) which consisted of general
planning familiarization studies and training, and required faci-
lities rearrangement. Design was initiated on fixtures and test
devices for the Optical Subsystems Factory Test Equipment (T.D.
K-10). Design and preparation for manufacturing was started on
Ground Support Equipment for Optical Instruments (T.D. K-15) con-
sisting of the Precision Test Fixture, Adapter and Control Unit,
Alignment Mirror Assembly, Alignment Periscopes, Optical Target
(Laser), and Autocollimator Eyepieces.

The following are specific tasks that were accomplished up to
the end of 31 December 1962.

SCT and SXT Design layouts were the basis for design reviews,
familiarization studies and the preparation of preliminary Weight,
Center of Gravity and Moment of Inertia calculations.

l. The preliminary detail drawings of the SCT optics were
used to determine the amounts of each type of optical
glass required, and orders for all long lead glass was
initiated.

2, Detail drawings of the SCT were reviewed for producibil-
ity, reliability and quality assurance, and the design
review reports forwarded to Kollsman External Engineering
at MIT.

3. Kollsman received a preliminary Optical Laboratory layout
for both the NAA and AMR locations from MIT. Engineering
reviewed the layout and submitted recommandations to MIT.

4. The Internal Engineering Group further prepared Family
Trees for the SXT and SCT. These family trees were
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transformed into fabrication/assembly/test flow diagrams
for use in the detailed preparation of test specifications,
test equipment utilization requirements and subassembly
performance specifications.

5. A preliminary detailed description of the design para-
meters and theory of operation of the SXT and Telescope
was prepared. This information was applicable to the
Familiarization Manual,

In addition to the foregoing, the Internal Engineering Group
also supported the effort required in the following Technical
Directives.

1. Apollo Project Engineering Support (T.D. K-12) - Estab-
lish and operate a project engineering office to provide
internal engineering support.

2. Breadboard Tnstrument Effort (T.D. K-13) - Preparation
for support of design and fabrication of the Sextant
(SXT) Scanning Telescope (SCT) and Map and Data Viewer
(MDV) breadboard and preproduction models.

3. Planning for Manufacturing (T.D. K-14) - Establishment of
procedures and personnel familiarization in preparation
of manufacturing.

4, Familiarization Manual Information (T.D. K-27) - P ovide
information to assist MIT in preparing a Familiarization
Manual.

During this period, Internal Engineering also received a Tech-
nical Directive for Breadboard Manufacturing (T.D. K-19) which
authorized the manufacture of six breadboard Optical Subsystems to
various degrees of completion.

4.1.3 Study Analysis

Concurrent with ‘the above tasks, a comprehensive study analysis
was started in accordance with T.D. K-18. This required a famil-
iarization in detail of the existing status of Apollo design and
navigation theory. Technical notes and charts integrating this in-
formation and defining potentially important analytical tasks were
generated and discussed with MIT/IL technical management. Three
separate tasks were defined under Technical Directive K-18:

l. Apolle Ascent Abort
2. Apollo Injection Model

3. Optical Models
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The objective of the Ascent Abort task was to study the ascent
trajectories to an earth parking orbit and to determine their
suitability in those situations where the flight must be aborted.
The results of this study were useful in the determination of any
necessary modification of the proposed ascent trajectories required
to meet constraints implied by safe abort capability during all
portions of the ascent.

The objective of the Injection Model study was the determin-
ation of the effects that launch perturbations have on the parking
orbit. The results provided input data for an already existing
digital simulation of the injection guidance problem.

The objectives of the Optical Model Study were:

a. The generation of error models for the sextant and scan-
niqg telescope, and related optical instrumentation.

b. Determination of the static, dynamic and noise perform-
ance of the optical system,

c. Determination of the inaccuracies introduced in thie opti-
cal system by the astronaut, movement of field of view,
and methods for the elimination of bias errors (ASK-KI
No Computer Navigation Study).

The accomplishments in the above areas are listed below:
4.1.3.1 Ascent Abort

An initial condition generating program was assembled and run.
The main program for the Ascent Abort study was also prepared.
This information was combined with a modified version of MIT data
on establishment of safe corridors for re-entry flight, to obtain
curves of forbidden regions in velocity, altitude and flight path
angle for the ascent.

4.1.3.2 Injection Model

An earlier analysis of the propagation of circular parking
orbit errors* was reviewed, and this positional and velocity error
data was presented in a cylindrical coordinate system moving with
the orbiting vehicle.

1"Error Analysis Considerations for a Satellite Rendezvous"

Duke, Goldbert & Pfeffer, ARS Journal, April 1961, p. 505,
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Considering that the point of injection into a translunar
orbit is fixed in an inertial frame, and that the earth continues
to rotate about the polar axis, a delay in launch time requires a
di fferent inclination of the parking orbit. An analysis utilizing
orthogonal coordinate transformations is being conducted to de-
termine the velocity difference between two parking orbits that
have the same radius and period, but different inclinations.

4.1.3.3 Optical Models

The major mechanical and optical errores of the sextant and
scanning telescope were determined and a tentative error model
constructed. The model also incorporated the electrical read-out
errors that are encountered. The optical model was predominantly
useful when the sextant and telescope are operated in a mid-course
star-landmark measuring mode.

Provisions were made to extend the validity of the model when
the sextant is operated in other modes, such as the theodolite
mode, etc.

4.2 ENGINEERING - PERIOD ENDING 31 DECEMBER 1963

4.2.1 External Engineering

In addition to providing the continuing support to MIT on the
design and development of the optical unit and the Map and Data
Viewer, external engineering made several personnel additions in
accordance with TDK directives. These personnel changes served to
maximize the KI resident support effort in view of the increasing
and expanding tasks that were rapidly developing. The following
lists these changes:

1. External Project Engineering (T.D. K-~5) - directed the
transfer of a Project Engineer and two Senior Engineers
to MIT/IL.

2. Design Personnel Resident at MIT (T.D. K-8) - authorized
the transfer of four Mechanical Designers, three De-
tailers, and three Checkers to MIT/IL.

3. Display and Control (T.D. K-32) - directed the transfer
of one design engineer to assist in identifying and
solving lighting problems associated with the Display
and Control Subsystem,

4. Design of Map and Data Viewer (T.D. K-35) -~ Directed the
transfer of a Project Engineer to MIT/IL to participate
in the design and development of the Map and Data Viewer.
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5. Resident Effort (T.D. K-106) - Provided resident effort
at MIT/IL for an Engineer, Mechanical Designer, and one
Draftsman for the accomplishment of design changes for
the Optical Subsystem and the Map and Data Viewer.

At this time, TDK-22 also authorized the fabrication and pro-
curement of models of parts or subassemblies for use in support of
design studies and formulation of equipment designs.

During this year, much of external engineering's efforts were
concentrated on originating and processing engineering changes and
incorporating new design requirements to facilitate manufacture,
test and shipment of the Optical Unit.

All of the design work, except for the Map and Data Viewer
and the final details of the Scanning Telescope eyepiece lens
mountings were completed, including the final configuration of all
the lenses. The long eye relief requirement moved a long step
toward solution with the favorable reaction at the NASA Design re-
view toward a new proposal for long eye relief provision. Work
~roceeded in optimizing the proposed solution on compromising on
magnification to obtain 2-3/8 inch eye relief with an enlarged exit
pupil and lightweight.

4,.2.1.1 Eyepiece Detail

The Sextant and Scanning Telescope Eyepieces were subjected
to design revisions centering on the provision of Eyequards, the
Polaroid Analyzer for relative brightness control on the LLOS and
STLOS of the Sextant, and refinement of the SXT Eyepiece lenses re-
sulting in the elimination of one lens.

The completion of the emergency Eyepiece design resulted in a
weight decrease from 2.3 to 1.5 pounds. Design and weight calcu-
lations on the Eyepieces resulted in refinements which pared the
weight from five pounds to slightly under four pounds in spite of
the addition of an adjustable Eyeguard to each of the three normal
Eyepieces.

The design of storage provision for the Eyepiece, which must
be detached from the panel during certain phases of the mission,
was completed and readied for submission to MIT for transmittal to
North American.
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4.2.1.2 Eyepiece Detail (3X) -

In regards to the 3X eyepiece elimination, tests were made on
the SCT to verify the approach taken.* The SCT Block I Optics
were assembled on the bench and with the 1X eyepiece designed to
fit on a turret with a 3X eyepiece, the resolution was barely ade-
quate at the mid-portion of the field and unsatisfactory in the
outer half due to astigmatism wnich could not be corrected. Use
of the 3X eyepiece did not add significantly to the telescope ef-
fectivity. For a useful 3X system, the dimensions would neces-
sarily be so large as to be prnhibitive, from a weight and space
consideration, or the system would have to be designed exclusively
for the 3X eyepiece. Another test was made with a second set of
objective lens components assembled as an eyepiece. Although this
urit was not optimized for this purpose, the results indicated
that it could be redesigned readily to serve as a satisfactory 1X
eyepiece. However, this 1X eyepiece could not be mounted in a
shared turret with a 3X eyepiece without compromising the design
to an objectionable degree. The recommended solution w~ns to use
an optimized 1X eyepiece for Block II Optics and supply the 1X and
3X combination as is with the optimized 1X eyepiece. This new 1lX
eyepiece accompanied the delivery of the optical unit.

The change to a new 1lX eyepiece was advanced from Block II to
Block I hardware and was being incorporated on the first bread-
board units.

4.2.1.3 MDV Detail

The Map and Data Viewer design proceeded according to schedule,
including detailing of three subassemblies and layouts of two
major subassemblies. Experimental models of the Cartridge and
Gearbox assemblies were completed and the electronic system was
evaluated.

A problem was encountered in fabrication of the MDV Housing
Assembly, 1011439. It was found that the brazing technique pro-
posed for jc:ning the parts of this assembly was inadequate, and
an alternative joining technique, consisting of cementing with an
epoxXy cement, in conjunction with the use of screws and dowel pins,
was therefore adopted. This t:chniquz has proven to be satisfac-
tory. New drawings, reflecting the revised tecnhnique were gener-
ated and released. The superceded drawings were obsoleted. This

*Designing the 1X and 3X eyepieces to have the same eyepoint loca-
tion compromised the 1X eyepiece design to an extent where it was
unsatisfactory.
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necessitated s->me slippage due to resultant drawing changes as well
as changes in procedures that had to be adopted for assiembly of
the Map and Data Viewer.

4.2.1.4 Drawing Detail - OUA

A change handling procedure was established and approximately
30 changes were processed, about one third of which were Class One,
requiring Design Review Board approval.

Detailed part drawings were completed and submitted to the
design review board action for release to the change contrcl board.

The Class A release of all remaining detail parts and speci-
fication control drawings were complete for the SXT, SCT and Opti-
cal Base Assemblies. Assembly drawings were 95% completed and
ready for review and checking.

The status of drawings at that time for the Optical Unit is
shown in Table 4-1. This tabulation includes the drawings re-
quired to implement the Auxiliary Long Eye Relief Eyepiece and the
Revised SCT Eyepiece which replaced the turret design.

Table 4-1

OPTICAL UNIT, DRAWING STATUS

DWGS RELEASED

QUANTITY DWGS COMPLETED CLASS "A"
DRAWING REQUIRED QUANTITY PERCENT QUANTITY PERCENT
Assys 101 - 101 100% 101 100%
Detaiis 352 352 100% 352 100%
S.C.D.'s 49 48 98% 41 84%

4.2,1.5 Drawing Detail - MDV

The detailing of the Map and Data Viewer begun during the last
report period, now resulted in the Class A release of 24 detailed
drawings and 8 SCD's, which included virtually all of the long lead
items.
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The status of drawings for the Map and Data Viewer at that
time is shown in Table 4-2.

Table 4-2

MAP AND DATA VIEWER DRAWING STATUS

DWGS COMPLETED DWGS RELEASED

QUANTITY CLASS "A"
Drawing REQUIRED QUANTITY PERCENT QUANTITY PERCENT
Assys 24 24 1008 24 100%
Details 9 91 100% 91 100%
S.C.D.'s 29 28 96% 28% 96%

In addition to the emphasis on the OUA and MDV, external
engineering haddactively engaged in the design and development of
Block II revision of the Optical Unit which was a redesign of
Block I hardware incorporating new concepts in CDU's, SCT optics

and the addition of photoelectric devices for star and horizon
tracking.

In regards to the Block II effort for the SCT and SXT, without
the photoelectric devices, the following tasks were accomplished:

4,2.1.6 Scanning Telescope

A. Elimination of the three power eyepiece which required
a redesign of the eyepiece assembly.

B. Discontinuance of the addition of digita’  unterxrs to
the SCT gearboxes due to the system rev. . s.

C. The design of a SCT eliminating the Trunnion Axis con-
tinued as a backup design. This telescope operated
similar to the LEM telescope in that a rotatable spiral
reticle was used to determine star reference angle.
This redesign was not used.

4.2.1.7 Sextant

(No design work for Block II was initiated although modifi-
cations were approved in the following areas):
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A. A new and larger motor for the Trunnion Drive and in-
creased gear ratio in the Trunnion Drive gearbox.

B. Additiocnal 2X resolvers were added to both Trunnion and
Shaft Servo Systems due to the change in system expan-
sion eliminating CDU gearboxes.

«.2.1.8 Block II Electronics

Parallel with the Block II effort on the optical unit, exter-
nal engineering was intimately involved with a Block II design
which would incorporate photoelectric features for star acquisition
and tracking.

In the sextant, considerable design work was accomplished on
the photoelectric features to provide a semi-automatic photo-
electric device capable of replacing the need for visual obser-
vation. A very satisfactory concept was developed. This design,
which resulted in simple packaging and maximum utilization of the
existing design, encompassed both the star tracker and the horizon
photometer functions. A two-axis compact star tracker and a simi-
larly designed horizon photometer formed an integral unit which
was mounted on the SXT head. This device was rotated using the
scanning motion of the head by simple extension of the indexing
mirror.

During October layouts for the redesign of the SXT trunnion
drive gearbox was completed. This design used a new motor and
also incorporated a higher gear ratio. Redesign of the SXT shaft
gearbox incorporating a 1lX resolver was also completed. A new de-
sign incorporating a 64X resolver on the SXT shaft was near com-
pletion. This design was reviewed and detailed by KI ex ernal
engineering.

Provisions were also made for the design of additional elec-
trical connections between the SXT head and the Optical Base.

During the latter part of this period, the star tracker and
horizon photometer package detailing was 75% complete. Design re-
views were held periodically to simplify production. The pre-
liminary lens design was detailed and submitted for optical design
review and checking by the Internal Project Group at Kollsman.

During the same period, additional engineering support acti-
vities by Kollsman residents at MIT/IL included thermal analyses,
star tracking parameter analyses and image dissector tube star
tracking system studies.
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In the administration area, the Kollsman project office estab-
lished a procedure for handling documentation drawings and changes,
which facilitated a more systematic and efficient liaison between
external and internal project engineering.

4.2.2 External Engineering - LM

The above accomplishments describe in detail the tasks per-
formed for external engineering during this critical phase. All
of the effort described, however, is relative to the OUA and MDV,
During the latter part of this same period, external engineering
began design discussions and exercises relative to the Alignment
Optical Telescope, a periscopic device to be used aboard the moon
lander, the LM vehicle.

4.2.2.1 LM Program Planning

During this period, Kecllsman was notified that the design
concept phase had been extended from 30 September to 30 November ,
1963. As a result of this extension, the program was reviewed and -
new manloading requirements were incorporated as suggested at the
NASA review held at MIT/IL.

In accordance with the requirements of the Design Concept
Statement of Work, Kollsman submitted to NASA/MSC a proposed LM
Program including a detailed cost breakdown. In addition, in ac-
cordance with the Design Concept Statement of Work, Kollsman sub-
mitted a preliminary study report comparing the LY and CM design.
The final report was deferred to 30 November 1963.

Extensive effort was conducted during this quarter on the LM
planning. Preliminary manloading charts were developed and submit-
ted with the proposed LEM Statement of Work to NASA/MSC. In de-
veloping the manloading charts, the entire program requirements
were carefully reviewed. Only a 24-man month Field Operations ef-
fort was suggested in the LM Statement of Work due to lack of firm
information on starting dates in the field. For study purposes,
starting dates were assumed and a Field Operations manloading re-
quirement was developed.

4.2.2.2 Ground Support Equipment
In line with the planning aspects, external engineering
studied the requirements for LM GSE and determined that a family

of devices similar to that supplied for the optical unit would be
adequate. «
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4.2.2.3 Documentation

The requirements of Documentation for the Apollo LM program
were reviewed with a view toward establishing similar controls for
this effort as were being used for the Command Module. Preliminary
outlines were being formulated for preparation of the Documentation
Plan, Reliability Plan, Progress Reports and other documents that
were required early in the program.

4.2.2.4 LM AOT Description

The LM telescope is a wide-angle unit-power telescope used to
measure angles between stars and a set of reference axes for align-
ing the IMU.

Since the configuration of the LM capsule differs considerably
from that of the CM capsule, the scanning telcscope as designed for
the Command Module cannot be adapted to LM Thus, the LM tele-
scope was of a completely new design.

The design philosophy was to simplify the mechanical con-
struction to the ultimate degree. The proposed construction for
utmost simplicity employed an all manual polar coordinate system of
measuring star polar and declination angles. This was done se-
quentially by rotation of a reticle carrying a polar angle cursor
and a declination scale consisting of an Archimedean spiral with
its origin at the center of the field. In this system, the same
means of rotation and the same scale served for both measurements.

The further objective of placing the controls directly at the
operator's hand and wholly within the controlled environment dic-
tated trat the measuring reticle be at the instruments second focal
plane, that is, adjacent to the eyepiece.

The original objective of having an instrument capable of
making all necessary measurements from a fixed orientation of the
front optics had to be compromised because of the practical limit-
ations on field size. The compromise chosen was to provide three
positions of the optics. This was done by rotations of the headend
about the polar axis which are secured by a precise detent means.
The suggested method was an adaptation of a well known principle
applied to precision rotary tables. Matched crown gears with a
suitable number of teeth are engaged face to face under spring load
as the detent. It is possible for such a device to provide all the
restraints to align the optics in each position, buththe intention
as used on the LM Telescope is to provide the axial direction by
a conventional ball bearing arrangement. The axial freedom needed
to disengage the crown gears, was provided by mounting one of the
pair concentrically on a large bellows which will permit axial
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disengagement but still provide the necessarily rigid torsional
coupling. The portion of the optics to be rotated by this arrange-
ment will depend on details of the optical design.

The telescope extends down into the occupied area of the
vehicle in such a way as to impede entry and egress. This un-
avoidable invasion of space had led to a decision that the lower
end of the telescope be made removable. Since this portion car-
ries the measurement device, its mounting must be precisely re-
peatable and sufficiently strong to resist deflections arising
from the physical contact with the astronaut.

4,.2.2.5 Design Considerations

Design effort on the LM telescope was continued as this ef-
fort had been extended through 31 January 1964. The primary ap-
proach for the telescope design established during this time will
be briefly described and then alternatives that were under con-
sideration will be noted.

A significant design hurdle was the astigmatism that was as-
sociated with the optical train and which limited pointing ac-
curacy. External engineering studied several approaches to a-
meliorate this problem and contributed much to the final design
change which was most satisfactory.

Design of the mechanism used for actuating and rotating the
telescope for the multi-positioning of the telescope field was
challenging and actively participated in by engineering. Design
effort was also concentrated on the enclosure around the deviation
(objective) prism. A design was required which would prevent
moondust from contaminating and obscuring the objective prism and
lens surfaces. The use of a metal housing around the dove prism
with a single circular aperture was considered. A spherically
surfaced spring-loaded cover would close the referenced single
aperture hole when the telescope is rotated to the "close" posi-
tion.

4.2.2.6 Problem Areas

With the completion of design effort, it was apparent that
changes recommended by many different groups would be difficult to
reconcile in time to meet production schedules. Because of this,
Kollsman recommended that there be a modification of the defini-
tion of changes requiring NASA/MIT Design Review Board approval,
so that only changes that were actually different design concepts,
substitution of materials or methods outside of established docu-
mentation would require this review.
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4.2.3 1Internal Engineering

In conjunction with external engineering efforts at MIT, exter-
nal engineering continued to expand and directed their efforts
toward the implementation stages of the program. T.D.'s were
received calling for the specific following efforts:

1. Manufacture five subsystems for Block I and assemble.
2. Manufacture five MDV's.

3. Fabricate a wooden OUA mock-up.

‘4. Fabricate an MDV simulator.

5. Fabricate OUA breadboard parts.

6. Fabricate LER eyepieces.

7. Design and manufacture G5SE for OUA.

8. Design and manufacture GSE for MDV.

During this period, internal engineering was faced with a dual
task of getting the manufacturing personnel started by providing
them with the tools, equipment and know-how and, at the same time,
monitoring design changes, drawing releases and cut-in's to mini-
mize schedule and cost impact.

To accomplish a cut-in and design control, engineering estab-
lished a Design Review Board. The board, attended by cognizant
disciplines became the controlling instrument through which a most
effective coordination was achieved and which enabled many design
changes of Class I and Class II nature to be smoothly cranked into
the production cycle with minimum schedule and cost impact.

Additionally, engineering reviewed all the prime equipment
assembly and test flow charts to ensure they were compatible with
the factory test equipment. Manloading and test equipment loading
charts were prepared and given to Manufacturing.

Concurrent with this design and fabrication of required factory
test equipment and tooling was accomplished. In this area, internal
engineering actually simulated the optical parts of the SXT and
telescope. These simulated optical assemblies were utilized in
laboratory tests to verify that the design parameters of the FTE,
especially the precision test fixture were compatible with the
design of the OUA.
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A specific accomplishment during this period was the pre-
paration and submittal to MIT of all existing and new process sneci-
fications considered dppllcable to the fabrication of Apollo equip-
ment. In this area, engineering also provided additional inform-
ation that was required to support the delivery of an optical sub-
system.

l. Weight, Center of Gravity and Moment of Inertia reports.
2. Purchase specifications.

3. Material specifications.

4. Guidance and Navigation interface specification.

The design section of internal engineering had achieved a
major effort during this period also. They developed an outline
drawing covering the purchase and installation of a dual envi-
ronmental chamber. The design criteria included viewing parts,
alignment target parts, sun simulator parts and cyrogenic shield
arrangements. Preliminary engineering was performed in developing
design specs for vibration and shock fixtures also.

As indicated in the preceding paragraphs, internal engineering
was continually monitoring and controlling design changes and the
issuance of release drawings. De51gn review boavrd periodically
met and achieved a high degree ol performance in not only releasing
drawings but on making review comments on Class B drawings which
were forwarded back to MIT.

With many drawings released, procurement and vendor problems
started to mount and in this area, engineering performed a KI/
vendor/MIT liaison and succeeded, even in those areas where the
"state of the art" was being taxed, to get acceptable material and
parts fabrication. Some significant vendor problems that threat-
ened schedules were as follows:

l. Leam splitter
2. Reticles

3. Worm shaft

4. 64X resolver

5. Optical base

6. Projection lamp
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Due to the concentrated efforts of KI's internal engineering
group, all of these problems were solved without undue schedule
slippage.

4.2.2.1 Optical Unit Assemktly Status

Changes in disposition of the first three Optical Units were
made at this time. Instead of furnishing "parts only" on AGE 1,
2 and 3, assembly of these systems was accomplished at Xollsman
at MIT's request. Upon completion, these units were furnished to
Reliability for Thermal Integrity and Structural Integrity tests.
These three systems did not require the accuracy that was to be
maintained on AGE 4 but rather were built to specific parameters.

At this time, major emphasis was concentrated on the fabri-
cation and procurement of detailed parts for all systems. Ex-
pediting and engineering liaison both with vendors and in-house
received special attention to facilitate the earliest possible
receipt of parts. This effort continued until all the necessary
components were available.

4.2.2.2 MDV Status

Also at this time, family trees for the Map and Data Viewer
were updated and furnished to MIT. The process chart was also re-
viewed and released. A procedure was started during this period
wherein the status of parts that were crucial for conforming to
schedule requirements was furnished to MIT by TWX. Extremely
close supervision was maintained on critical parts to remove ob-
stacles as they occurred.

Release of the projection lamp was a problem. Samples of the
MIT X1 configuration were received from Sylvania but preliminary
tests revealed that these samples were unsuitable. The lamp de-
veloped by GE suffered a setback which was attributed to filament
coil design. The new filament coil design was formulated and as-
sembly procedures were developed for the mounting of filaments to
stems and of stems to bases.

Preliminary samples of new projection lamps were received
from GE and evaluation tests performed at MIT/IL. Results of the
tests indicated that GE was proceeding satisfactorily with their
development program -- color temperature filament separation and
power consumption of these samples were close to design require-
ments. GE was proceeding with refinements of these parameters,
as well as investigating the possibility of appiying a silver
coating and a dichroic coating to the bulb. The locaticn of the
filaments in the sample lamps was 0.125 inch closer to the socket
than originally intended. As a result, the insulation ring which
holds the lamp required changes to build up the lamp socket by a
corresponding 0.125 inch. '
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4.2.2.3 Laboratory Investigation

Optics - A precise method for measuring the test plates for
all lenses was established. The test plates were manufactured and
calibrated using tha Watts Spherometer to measure the critical
radii of curvature. The relay lenses and the objective lenses were
completed.

An engineering evaluation was made of fabrication, mounting
and cementing of the dove prism assembly. This investigation
showed that a method of air curing, to avoid extreme strain and
stress and maintain resolution criteria, was successful for the
dove prism. This method vas employed in production of these prisms.
A process of grooving the dove prism (for free aperture) was also
successfully demonstrated during this engineering evaluation,

Deviations from thoe specifications on the drawings of both the
polaroid filter and SXT beam splitter were analyzed with the ap-
propriate vendors considering the requirements of the program and
the capabilities of the vendors. Criteria for these items were
established for mutual benefit and firm orders were placed during
this quarter.

Electronics - During the reporting period, a breadboard-type
amplifier and a solder-type amplifier were fabricated to investi-
gate the electronics for the Map and Data Viewer. These two units
were tested for gain and stability characteristics in the labor-
atory.

4.2.2.4 AOT Status

1. LEM Internal Project Engineering Assignments - Effort
continued in establishment of Internal Engineering
(T.D. K-2L) and Project Management (T.D. K-3L)

2. LEM Documentation Assignments - Effort continued under
the authorizatior of a technical directive fcr Docu-
mentation (T.D. K-4L)

3. LEM External Project Engineering Assignments - Effort
continued to be expended on the Resident Effort (T.D.
K~-1lL) and Design Analysis (T.D. K-5L).

This period proved to be highly charged and volatile and pre-~
sented a unique challenge to internal engineering. In summation,
engineering handled all facets in a most admirable manner. They
had successfully accomplished the f<llowing:




KOLLSMAN INSTRUMENT CORPORATION

1. PTE task, fixtures (Block I) had been designed and were
in fabrication.

2. Actual manufacture of Block I subassemblies had begun.

3. FProcess and material specs were in the process of being
finalized,

4, Parts problems, just begun, were closely monitored and
controlled.

5. Knowledge and understanding of the optical unit, in
terms of its high reliability requirements, had been
successfully disseminated.

6. Reliability fixtures and equipment for environmental
testing had been designed and were in fabrication.

7. Analyses were proceeding on all drawings and recom-
mendations consistently submitted to MIT.

8. Design changes and new releases were smoothly being fed
into the production cycle.

4.3 ENGINEERING - PERIOD ENDING 31 DECEMBER 1964

4.3.1 External Engineering

During the early part of this period, external engineering
again increased its personnel to support the Block Il phase of the
program. As per T.D. K-133 and T.D. K-149, the following changes
were made:

l. T.D. K-133 Block II Resident Effort - This effort was
for the accomplishment of detailed design of the Block
17 Optical Subsystem and the Map and Data Viewer includ-
ing engineering support for the star tracker/horizon
photometer design, GSE design and thermal/vacuum design
evaluation.

2. T.D. K-149 Block II Resident Effort - Provided for one
resident electrical technician to MIT for three months
to become familiar with troubleshooting procedures and
aid in testing of the star tracker/photometer electro-
nics.

The external engineering work during this period, although
much harder in scope, supported effectively the following areas:
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. Balance of Block I design and changes
. Block II

. Block 1I, with electronics

. AOT (LEM)

1
2
3
4. MDV design
5
6. Eyepieces, SXT and SCT
7

. Varied Analyses

The following enumerates some of the significant accomplish-
ments during this period:

4.3.1.1 Block II Design Status

The Block II design status was completed and detailed. The
design was an adaptation of a Kollsman design used previously for
phototracking.

Redesign of SXT Head Assembly ~ Redesign of all major compo-
nents was completed with the exception of the electronic package.
The design detailing was approximately 90% complete. Checking was
pending completion of the electronic package design and interface.

Redesign of SCT panel - A redesign for a clearance cut to ac-~
commodate a resolver change in the SCT shaft gearbox wdas initiated.

Redesign of Cptical base assembly - Changes in this area con-
sisted of addition of one tapped hole for additional connector
mounting plates.

Redesign of the Block II sextant shaft gearbox was wplanned in
order to eliminate the anti-backlash windup spring. Among the
proposed methods to be explcred is the introduction of split back-
lash gears. Although gear ratios and servo compounent spceds were
not affected by this change, it necessitated redesign of gearbox
plates and housing. When this redesign was completed, detailing
was initiated by Kollsman resident engineer.

Redes.gn of SCT shaft drive gearbox - This design and detail-
ing was completed and checked.

Additional Flexprints - Design of two new flexprints was com-
pleted.
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4.3.1.2 SXT Eyepiece Details

A minor redesign was made in the sextant eyepiece casting to
eliminate the requirement for two separate castings for regular
eyepicce and long eye relief assemblies. The sextant long eye-
relief eyepiece design has been definitized for a distribution of
the five~diopter focusing range. Now focusing will cover the
range of from +1 to -4 diopters in air.

The problem of focusing the sextant under space vacuum con-
ditions was resolved by the expedient of incorporating two reticles
in the optical svstem. One reticle is at the focus of the objec-
tive under suace -:d>nditions and the second reticle is in focus
under terrestvi.: a.mczpheric conditicns., The utilization of a
temporary shii: ~uv~-vided focusing for ground test (air) purposes.
The shim was removed fcor flight (vacuum) use.

A full scale wooden mockup of the MIT/IL design for a scanning
telescope, long eye-relief, full field-of-view eyepiece revealed
that incorporation of this MIT/IL design would create both mounting
and storage problems. Kollsman was nearing completion of a design
for a full field, long eye-relief eyepiece for the LEM telescope
which wculd result in some reduction in size and weight by com-
parison with the aforementioned MIT/IL eyepiece. The possible in-
clusion of this Kollsman designed eyepiece into the OUA awaited a
NASA decision to require full field capability in both Sextant and
Scanning Telescope with long eye-relief eyepieces.

Parallel with this effort, investigations were proceeding as
to the type of heaters that would be incorporated into the eye-
piece.

MIT/IL followed up on its lead for a supplier of sprayed-on
heaters fcr eyepieces. Techniques for use of this material to
meet the particular requirements was evaluated pricr to incorpor-
ating the heaters into the eyepiece design.

Eyepiece heaters of a formed blanket type was finally selected
and epoxy-cemented to the eyepieces. Electrical leads and con-
nectors were provided for hookup of the eyepiece heaters while in
launch or storage position. A set of prototype heaters for the
first test OUA were made up and testing would determine the re-
quired output in wattage of the final design of the heaters.

4.3.1.3 OUA - SXT Details
A redesign of the Sextant reticle assembly was made at MIT/IL
to separate the adjusting and clamping functions of components

within the assembly. The present design utilized tapered clamps
bearing against the reticle housing and glass reticle. The basic
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change in the new design incorporated a reticle mount which was

adjusted by clamping tapered wedges as in the current design; how-
ever, the wedges in this design bear against metal and not against
glass. The reticle itself was held in its mount by cement. After
the reticle housing has been adjusted for centering, it is clamped
by tightening three screws. The three adjusting wedges and their

respective screws are removed after the clamping screws have been
tightened.

4,3.1.4 Block 11 - Electronics

Design in the area of electronic interconnection had estab-
lished the location of the connector which couples the Tracker
electrenic packages to the shielded lead flexible conductor. This
sl.iielded lead is the counterpart of the flexprint used in the
interconnection of the servo systems.

It was decided that the interconnection of the tracker modules
within themselves would be accomplished by the use of a terminal
board. The connection of the terminal board of the flexible con-
ductor connector would be accomplished by the use of an inter-
mediary harness. Design effort was directed toward optimizing the

shape, layout and mechanical attachment of this terminal board to
the related assembly.

A fixture to mount a Block II Star Tracker Unit onto a Wild
T-3 Theodolite was designed by Kollsman resident effort. This
fixture was used for MIT/IL evaluation of a tracker assembly. The
fixture provided aiignment of the Tracker to the theodolite line
of sight.

Design studies were planned for the following areas:

l. A sun protection device and associated mechanics for
the Star Tracker and Horizon Photometer.

2. A light shield assembly within the outer cover of the
Scanning Telescope to reduce or minimize stray light
from entering the Scanning Telescope optical system
through the dove prism.

Error analyses were performed on the Precision Test Fixture,
Short Periscope, Alignment Mirror Assembly, and Optical Laboratory
Targets. Accordingly, reports were published presenting the de-
tailed results of each analysis.

A vibration analysis was performed and a report was published
on vcrious types of optical holding stands for supporting the
Laboratory Targets. The effoxt yielded conceptual design of an
optimized holding stand (in terms of resonant frequency) weighing
1,200 pounds and with a natural frequency cf approximately 288 cps.
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4.3.1.5

OPTICAL UNIT - BLOCK I - The status of drawings,
for Optical Unit is shown in Table 4-3.

KOLLSMAN INSTRUMENT CORPORATION

Drawing Status

at that time,

This tabulation includes

the drawings required to implement the Auxiliary Long Eye-Relief
eyepiece and the revised SCT eyepiece which replaced the turret

design.
sign.

DRAWING
Agsys
Details

S.C.D.'s

Table 4-3

OPTICAL UNIT
BLOCK I, DRAWING STATUS

DWGS COMPLETED

QUANTITY
REQUIRED QUANTITY PERCENT
102 102 100%
357 357 1008
53 51 96%

These figures do not include Block II Optical Unit rede-

DWGS RELEASED

CLASS "A"
QUANTITY ~ PERCENT
101 99%
355 99%

44 83%

OPTICAL UNIT - BLOCK II - The status of drawings at that time

for the Optical Unit is presented in Table 4-4.

Table 4-4

OPTICAL UNIT
BLOCK II, DRAWING STATUS*

DWGS COMPLETED

QUANTITY
DRAWING REQUIRED QUANTITY PERCENT
Assys 131 131 100%
Details 413 405 98%
S.C.D.'s 93 90 97%
*Not including electronics

DW~S RELEASED

CLASS "A"
QUANTITY  PERCENT
131 100%
405 986%
67 72%
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MAP AND DATA VIEWER - The status of drawings at that time for
the Map and Data Viewer is shown in Table 4-5.

Table 4-5
BLOCK I,

MAP AND DATA VIEWER DRAWING STATUS
(INCLUDING RECENT DESIGN CHANGLS)

DWGS RELEASED

QUANTITY DWGS COMFrwLETED CLASS "A"
DRAWING REQUIRED QUANTITY PERCENT QUANTITY PERCENT
Assys 60 60 100% 60 100%
Details 95 95 100% 95 100%
S.C.D.'s 35 35 100% 34 99%

LUNAR MODULE - The external engineering effort continued at
MIT/IL in these specific areas:

1. Residz=nt Effort
2. Design Analysis
3. Project Office

At this time, the LM telescope design was approximately 95%
complete. The upper or telescope design layout was approved by
the Design Review Board and was pending release for detailing.
The lower or eyepiece unit design layout was completed except for
design study concerning a flexible shaft coupled to the reticle
knob. The optical design data was completed except for information
regarding the spiral reticle from MIT/IL.

4.3.2 Internal Engineering

This was a very significant period in that actual hardware
deliveries were scheduled to begin. Internal engineering's support
rate, although still continuing in an overall mode, had to shift
heavily to the support of manufacturing and vendors. During this
phase, much of the previous planning and peripheral support began
to bear results. 1In effect, internal engineering concentrated on
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ensuring a smooth mesh and marriage of the Program's hardware and
software into a well integrated manufacuring flow.

The work completed during this period resulted in many refinci-
ments to the testing and assembly procedures in both the SXT and
SCT areas. The most significant improvements were in the procedures
of setting up shaft bearings, matching sensitive optical components
for enhanced resolution and elimination of parallax, closer control
of setting of trim pots and SCT Resolvers to eliminate bias errors
over the complete angular range. Generally, all of the inspection
methods to eliminate human error, whenever possible, were improved.

As was anticipated, problems arose in the vendor and manu-
facturing areas. The solving of these problems on an expeditious
basis was the highlight of this period. The following outlines
some of these difficulties:

4.3.2.1 Optical Unit Assemblies - Sextant

VENDOR PROBLEM AREAS - Polaroid filters to-date had been sup-
plied by repeated rework and reselection from reworked lots.
Under these conditions, results wers marginal and unsatisfactory.

The problem was that Polaroid had experienced difficulty in
maintaining tight flatness requirements of two light fringes.
Changes were processed to remove the coating. Polaroid was then
able to successfully rework four units and proceeded with the re-
work of the additional parts.

Bendix was experiencing difficulties in the area of accuracy,
insulation resistance, and mechanical tolerances in regards to the
64X resolver. KI Engineering and Quality Control kept in close
liaison with Bendix which culminated in a change to the Procure-
ment Specification which relaxed several troublesome requirements.
As a result, vendor promises were more realistic.

Delivery on reticles from D. Mann was extremely slow, but
through personal engineering visits and phone liaison, the rate of
production improved sufficiently to cover fabrication through
optical unit 6.

The suppliers of the 1010610 motor generator were having dif-
ficulty delivering the required quantity of motors because of the
axis error specification. Kearfott found that after burn-in only
35% of the units passed this requirement and they requested a
change to 4 mv, Investigation of the possible effect on system
accuracy was made by MIT. Table 4-6 shows the results obtained at
MI1.
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Table 4-6 b

MOTOR GENERATOR AXIS ERROR

MECH. ERROR FOR

ANGLE ERROR SENSITIVITY 4 mv. TACH.
SXT AT 3.4 mv/sec. l.2 sec.
SXT AS 9.6 mv/sec. .4 sec,
SCT AT .25 mv/sec. le sec.
SCT AS .25 mv/sec. l6 sec.

From this data, it was decided to purchase two different
motors against the drawing 1010610-1 with 2 mv axis error and
1010610-2 with 4 mv axis error. The 1010610-2 would be used in
the less critical applications and not in the Sextant Trunnion.

The delivery of relays were a critical item in that the vendor
was able to deliver only sma.l quantities at a time in conformance .
to all requirements of the drawing. Kollsman ordered additional
units from a second qualified vendor (the only other qualified
source) and sufficient units were in-house and on route to
Kollsman to satisfy requirements through AGE's 6, 7, 8, and 20.

MANUFACTURING PROBLEM AREAS - Engineering effort was also
concentrated on investigations for solutions to recurring problems
that had either retarded production or resulted in conditional

acceptance (via waivers). Among the problems worked on were the
following:

SXT Shaft Perpendicularity - The consistent perpendicularity
discrepancy between vertical and horizontal optical unit orienta-
tion was investigated. It had become apparent that the discre-
pancy was not attributable to the Optical Unit, but rather to the
PTF's references and the technique for their setting. The investi-
gation resulted in all existing PTF's being examined and estab-
lishing the necessary revisions to certification equipment and pro-
cedures to eliminate or substantially reduce this discrepancy.

SXT Reticle Eccentricity - Manufacturing had a problem of
securing the reticle and objective lens against shifting under
vibration. Engineering investigations resulted in the submission

of changes to MIT which were subsequently incorporated in Block II
systems.
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Specks on Reticles - Microscopic examinations had indicated
that the light baffling spring washers above the SXT and SCT
reticles tended to shed their optical black coating under stress
and strain. While alternate finishes and altered baffle designs
were investigated for Block 1I, special brushing and cleaning
techniques were employed on the remainder of Block I.

SXT Reticle Lamp Failures - It was concluded, through engi-
neering experimentation, that lamp envelope frac 1res were at-
tributable to the rigidity of the bonding agent used to retain the
lamps in their cavities. A change request was pursued which sub-
stitutes RTV 881 encapsulant for the Eccobond 45 adhesive presently
being specified.

Double Dove Prisms - The double dove prisms were a recurring
manufacturing and quality control problem in spite of extra effort
to improve quality. Careful investigation showed that theoretical
resolution values were closely approached but that the theoretical
resolution was itself marginal from the SCT functional requirements.
The prisms were a prcblem in mounting because of their small size,
delicate sensitivity to strain and large leverage on the final ac-
curacy. Progress was made in solving these problems by intimate
liaison with KI optical department and manufacturing personnel.

SCT Trunnion Stiction - The combination of worm drive and the
high speed differential were proving to be the source of repeated
failures for manufacturing to meet the specified friction level on
the SCT Trunnion. A recommendation was made after investigation
to reduce the stiffness of the anti-backlash spring and maintain
closer control of bearing end play in the gearbox.

SCT Shaft and Trunnion Accuracies - Research into the charac-
teristics of the Block I Optical Units assembled and gear train
analysis of the gearboxes involved indicated that the tendency to
exceed accuracies was inherent in the design. Two approaches were
taken to remedy the condition. One approach initiated was a re-
quest for a design change in which anti-backlash gears were uti-
lized at the critical mesh in each gearbox. The other approach
involved a change in the criteria for acceptance of gearboxes at
the subassembly level to insure improved accuracy characteristics
at final assembly. The criteria for acceptance of the final as-
sembly was reviewed for the purpose of substituting a mean accuracy
requirsment over the excursion range of the SCT instead of a point-
to-point accuracy requirement. The mean accuracy requirement was
found more useful than the former point-to-point technique.

Silicon Exudate - Preliminary tests had indicated that the
moisture which appeared between the optical unit panels and base,
when the unit was opened, exuded from the pores of the beryllium
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surfaces under the clamping pressure of the panel mounting screws.
Results of high temperature, high vacuum bake-out tests had been
encouraging and this technique employed to condition the remainder
of Block I bases and panels.

Leakage Rate Through Optical Unit - An internal operation
sheet controlled the leakage testing of the Optical Unit. A more
formalized test with improved fixturization was submitted for MIT/
1L approval as an addition to the FTM.

4.3.3 Internal Engineering - Block II (with electronics)

4.3.3.1 Block I (100 Series)/Block II Design

Initial engineering investigation of the Block I (100 Series)/
Block II design incorporating the Horizon Sensor and Star Tracker
was in progress also at the time.

The three tuning fork oscillators manufactured under the
amendment to T.D.-119 were delivered to MIT and worked satisfac-
torily. The remaining modules (2 power supplies and 2 photodetec-
tors and preamplifiers) were delivered by June 30. Originals of
sketches, which were used to manufacture these modules, were de-
livered to MIT. Kollsman investigated the feasibility of incor-
porating the complete electronics for the tracker and horizon
photometer in the Sextant head. Several alterrate design approaches
appeared feasible for incorporating these modi s in the Sextant
head.

A wooden mockup of the Sextant Head, incorporating the Star
Tracker and Horizon Photometer, was manufactured for the investi-
gation of assembly and interconnection problems associated with
the electronic modules.

A laboratory darkroom was set up, including an optical bench
and simulacrum, for engineering evaluation and checkout of the
electronic modules.

4.3.3.2 OUA Environment Testing

THERMAL - Concurrent with the above effort, the Reliability
segment of internal engineering carried out intensive analyses on
the OUA relative to Thermal and mechanical integrity. These were
accomplished in accordance with T.D. K-61, 60, and 98.

The thermal ar ' ;is, conducted in our new environmental
space chamber, resu. d in specific and significant contributions
to confirming the integrity of the design. [Ingineering took the
test data on the solar simulator cycle and electrical power dis-
sipation and converted it into computer input data. A computer




KOLLSMAN INSTRUMENT CORPORATION

run was performed and the data was plotted. Comparison with the
test results showed exceptionally good correlation, with only
minor adjustments required in the analysis model.

MECHANICAL INTEGRITY - OUA vibration tests were conducted in
accordance with the hard mount vibration specification for launch
and entry at the 1/3 level along each of the three axes. The fol-
lowing discrepancies were noted:

l. The SCT panel eyepiece window loosened (Failure Report
2951) .

2. The SXT reticle eccentricity shifted 9 seconds from the
baseline data.

3. Bolts were scored due to apparent relative motion be-
tween the Optical Base and the vibration fixture
(Belleville washer comgpression).

Using new mounting hardware, and after tightening the loose
window, vibration tests were conducted in accordance with the hard
mount vibration specification for High "Q" Abort, at the 1/3 level,

along each of the three axes. The following discrepancies were
noted:

1. The SXT reticle shifted 14 seconds from the position
following the launch and entry test.

2. The bolts were scored as above, indicating a definite
compression of the Belleville washers.

The SXT reticle was readjusted and a baseline FTM was per-
formed in preparation for the shock tests.

Shock tests were performed at 15g, 20g, 25g, and 30g, 6 milli-
second terminal peak sawtooth pulse, along the *X,y, *¥Yecm, and
*Zcm directions, two (2) drops per level, per direction.

Acceleration tests were performed at 20g, 259, 30g, 35g, and

40g along the *Xcm, tYom, and tZgy directions for five minutes per
direction.

Acoustic tests were performed for five minutes in accordance
with the spectrum specified in the test procedure.

An FTM was performed following these tests and showed no de-
gradation of the OUA.
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STRESS ANALYSIS - A vibration analysis of the OUA was now
performed to determine the dynamic behavior of selected elements
of the assembly. In addition, evaluation of unusual and excessive
shock loading on the OUA, imposed during earthlanding was con-
ducted specifically in terms of crew safety requirements. These
analyses were used to determine critical areas and were very help-
ful in determining points of measurement for the AGE 2 mechanical
integrity tests (T.D. K-61).

The final report on this analysis effort was completed and
issued.

With the conclusion of the above testing, a review and stgdy
analysis was made of all testing performed to-date and conclusions
were derived therefrom. All data was transmitted to MIT.

A brief report was also published containing information de-
rived from the AGE 1 test cycles I, II and III1. The specific data
(requested by the Apollo Reliability Group) pertained to minimum
and maximum temperatures in the vicinity of the proposed location,
in the Block II configuration, of the photo tube and optical errcrs
in the precision angle observed in the test cycles mentioned above.

In accordance with various conclusions drawn from several
meetings held between MIT/IL and Kollsman, evaluation group loca-
tions for three thermocouples were chosen for the AGE 20 unit. The
locations were chosen so that North American Aviation could main-
tain the proper theimal input to the structural interface between
the Command Module structure and the Optical Unit.

4.3.4 Internal Engineering - MDV

4.3.4.1 Design Analysis Conference

A meeting was held among cognizant Kollsman MDV Project Engi-
neers to discuss design problems needing immediate and/or long
range rectification by MIT and Kollsman.

The design problem areas listed below were discovered during
fabrication and design evaluation vibration of the first Map arnd
Data Viewer:

RELAY SWITCHING - The four latching relays used for film di-
rection control were not switching in the correct sequence in one
module. 1Initial breadboard testing of switch network indicated an
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interdependence between relays, relay inductances, relay position
and C8, C9 capacitance values. The present design of the relay
circuit used for f.lm direction control utilized the inductance of
the relay coil in an LC circuit to effect switching. Inductance

of the relay coil was not a controlled parameter of the relay
1006772-2 and in fact, varied approximately 3:1 between two ap-
proved manufacturers. In addition, one manufacturer indicated

that his relays in any batch could vary as much as 30%. DBreadboard
testing of the relay switching circuit indicated that it was neces-
sary to match capacitors with relays to obtain a correctly oper-
ating circuit. Further breadboard testing was under way as this
problem requiied immediate attention.

MODULE ENCAPSULATION - Immediate investigation was required on
the material being used as an encapsulant for the welded module as
the present material was unduly heavy. E & C Stycast #1090
(1010305) and Catalyst #11 (1010306) per ND 1002036 were recom-
mended in place of the clear encapsulant in current use.

TRIMPOTS - To effect improved reliability the trimpots were
removed. The trimpot function should be replaced with fixed re-
sistors selected at assembly to give equal slew rates in both
directions, or should be completely eliminated. Initial tests of
breadboard units indicated that the latter path gave satisfactory
operation with very much improved reliability.

AMPLIFIER ASSEMBLY - It was recommended that long range con-
sideration be given to redesica of the amplifier assembly into a
more compact unit. During the design study, a possible new loca-
tion Zor the welded module within the amplifier assembly was in-
vestigated.

LAMP INTENSITY SWITCH - Shrink sleeving currently used for
protecting the switch contacts was inadequate as it was by neces-
sity too large for the wire. Therefore, it was recommended that
the switch terminals be potted and the shrink sleeving be used for
the wire only.

CABLE CLAMP - An additional clamp was required for the harness
although, for temporary purposes, lacing tape was used.

RESOLVER WIRE SLEEVING - The sleeving on P/N 1011471 was too
rigid and impared the required flexibility of the harness, there-
fore, necessitating a change.

CLUTCHES - For reasons of reducing subsystem complexity and
thus increasing reliability, it was recommended that engineering
consideration be given to combining the slip and overrunning
clutch assemblies into a single unit. It was further recommended
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that slip clutch torque be increased to overcome film stiffness
and thereby ensure optimum windup of film on spools.

CLUTCH ENGAGEMENT - Investigation was needed for improving de-
sign of overrunning clutch eagagement. A method was needed whereby
positive clutch engagement may be implemented.

FILM DRIVE STOP - To prevent inadvertent wrong direction film
slewing, there was need for a film drive stop in the gearbox. For
example, if most of the 50 feet of film were on one spool of the
film cartridge and if the film was driven in a direction to con-
tinue takeup on this spool, the other end might be torn or discon-
nected from the feed spool.

SERVO MOTOR - There was indication that a stop motor drive in
lieu of a servo motor may substantially reduce subsystem design
complexity and it was therefore, recomm¢::::2d that a design study
be instituted in this area.

HANDWHEEL - On the present MDV's, the handwheel turns opposite
to the direction that a projected image moves. Frcm a human fac-
tors standpoint, this direction of the handwheel and image should
be the same.

VIEW SCREEN RETICLE - The reticle component did not impose a
design problem but was classified as a general problem due to lack
of reticle design requirement data from MIT.

The bearing blocks and adjustment screw assemblies needed
careful redesign study as the bearing blocks were inadequately
aligned, resulting in excessive friction on the adjusting screw
and the adjustment screw did not clear the manual drive knob at
the extreme left end of its travel.

It was recommended that redesign of the view-screen support
be considered, as the leaf spring assembly did not provide positive
support.

As presently designed, the door assembly fit was not adequate
since interference at the corners was noted. Hence, a dimensionel
analysis was recommended with appropriate tightening of tolerances
where required.

A light baffle was needed for the door assembly to adequately
preclude the exit of light into the spacecraft. Internal light
baffles were also required to limit stray or scatter light within
the MDV.
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A lightweight dust cover was needed for containing the entire
MDV. This cover, to encompass all the unit behind the front panel,
would prevent contamination of the internal mirrors and optics and
would also serve as a light stop.

A gasket was required for the MDV front panel interface with
the G&N Control Panel.

The bracket, and the support between the bracket and the
holding structure for the small mirror, although not critical,
would be revised to provide a more adequate arrangement.

Maximum stress area on the upper panel occurred near the con-
nector, at which point two holes would be removed, and this parti-
cular area strengthened by increasing the section. In addition,
if a dust cover was provided for the MDV, this would add to the
stiffness of the front panel.

If the film was not wound completely on one spool, the film
would wind until it touched the case. This resulted in increased
fi.n drag and possible film scratching. It was recommended that a
device be incorporated in the cartridge to prevent unwinding when
the cartridge was removed from the gearbox.

It was recommended that the film wrap further around the
sprocket so as to engage tw teeth rather than the present one.

A shipment of 100 pre-production samples of Projection Lamp
(P/N 1011413) was received a. MIT in Juvne 1964. These lamps were
currently undergoing evaluation and appeared to satisfy require-
ments of filament location, luminous output and color temperatures
to a greater degree than had been achieved in earlier samples.
Several of these samples had been consigned to KI by MIT, and
would be delivered with forthcoming AGE units.

Six Condition Light Assemblies (1011375) units were received
from Penn Keystone. The problem of reversal of pin polarity en-
countered in earlier units had been eliminated. Fourteen units,
which were on hold, were currently being fabricated fcr TDRR 08480.

All other problem areas including magazine retention, magazine
loading and film transport, optical deficiencies and housing,/door
interferences, had heen resolved by virtur of redesign. The new
manufacturing releases and new drawings presented a partial picture
of the results of these design investigations.

4.3.4.2 Status of Equipment, Map and Data Viewer

The Map and Data Viewers AGE's 1, 2 and 4 were completed and
accepted by NASA.
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The first Map and Data Viewer, AGE 1, was subjected to a pre-
liminary vibration test.

4.3.5 1Internal Engineering - AOT

The AOT effort, at ihis time, was also beginning to move for-
ward with a rapidly increasing work-load.

Operations were initiated for requisitioning raw glass for the
LM AOT breadboard model. Additional effort in this regard was
underway for finalizing tooling requirements. Preliminary "make or
buy" meetings were held for the purpose of determining the feasi-
bility of fabricating all or part of the AOT beryllium components
at the Kollsman facility. A LM AOT family tree was prepared to
facilitate this effort.

A LM GSE Development Plan was being formulated. No work at
this time was started on the LM GSE Shipping Containers TD due to
the lack of necessary information. A study design layout was pre-
pared for the Telescope Alignment Fixture.

4.3.5.1 Drawing Status

Three design review meetings were held and full time de 'ign
checking of detail drawings was undertaken during the period.

The project management effort included extens: a .7 staffing
.or the LM AOT program,

Documentation effort was concerned with preparation of a fam-
iliarization wmanual for the AOT and a uevelopment plan for the
overall program.

4.3.6 Internal Engineering - FTE/GSE

The support effort rendered by internal engineering to the de-
sign and fabrication of FTE, during this period, was of phenomenal
note. Not only were there pressing in-house problems to solve in
this area, but equipment scheduled for delivery to AC, Milwaukee
had to be accelerated for their test uses.

In thic area, engineering not only succeeded in maintaining
production, using interim jury rigs where required, buc: they
simultaneously performed the debugging on these completed items,
coordinating changes with in-house documents and specs. All ¢~
this was achieved with minimal impact to manufacturing.
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There were countless discrete problems that were solved rela-
tive to each of the many and complex pieces of equipment. Again,
the knowledge and perseverance of this group served to maintain
the program momentum that they initially helped to get started
three years before.

4.4 ENGINEZRING ~ PERIOD ENDING 31 DECEMBER 1965

4.4.1 External Engineering

The requirement for design effort TD K-133, Block II Resident
Effort at MIT/IL on the CM/LM optical systems was completed as of
28 October 1965. The design and drafting team returned to Kollsman
while the resident group engaged in CM/LM liaison, electronic and
systems engineering problems pertaining to the guidance and navi-
gation systems for the CM and LM. The Kollsman Resident Group also
worked on design of the environmental test fixtures for the LM to
be used Ly MIT/IL at Cambridge.

4.4.1.1 Command Module Engineering:

Finalization of Block II Resident Effort was accomplished as
follows:

(1) The redesign of SXT reticle assembly was completed in
detail and incorporated into the OUA by means of TDRR's
for both the Block I-100 and Block 1I series.

(2) The design of a light shield assembly for the outer cover
of the SCT, to minimize stray light within the SCT optics,
was completed in detail. This design was checked by
Resident Effort before submittal to the DRB at Kollsman
for inclusion in Block I-100 and Block II OUA systems.

(3) A light shield for the Star Tracker assembly was designed
and detailed to elim‘nate light leaks around the re-
duction mirrors and Tuning Fork housing. This lig}
shield waes incorporated into the OUA by means of 1u.<R's,

(4) Resident effort at MIT/IL designed and built the fixture
for mounting a Block II Star Tracker unit onto a Wild T-3
theodolite. The fixture was assembled, checked and pre-
pared for photomultiplier tube studies.

(5) The outline drawings were completed on eyepieces for
Block I-100 and Block II for the stowage compartment de-
sign in the space vehicle manufactured by North American
Aircraft Co.
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General test equipment was designed for use by MIT/IL
in both environmental and component testing.

Design studies were continued on repackaging of the Star
Tracker-Horizon Photometer high voltage (lIV) power
supply to incorporate improved quality filter condensers.

A sun-protective device for the phototube was designed
for incorporation into the Star Tracker Assembly. The
design was based on a commercially available rotary
snlenoid. The size of the unit was well suited to the
design. Incorporation of this sun-protective device
into the tracking system required study by MIT/IL and
Kollsman resident engineers to determine the best means
of obtaining the operation signal for the sun-protective
device.

Design of the new SXT eyepiece, including heater and
quick disconnect features was completed. 1Included in
the design is thz normal eye relief eyepiece with a new
mirror housing incorporating a heater, thermcstat and
thermal insulation blanket. The mirror housing also in-
corporated the quick-disconnect feature.

Both normal and LER eyepieces were retained for the SCT.
The new casting for these 3CT eyepieces was required to
incorporate the thermostat heater and thermal insulation
blanket.

An aiternate design fnr the SCT eyepiece providing ap-
proximately *4 diopters focusing range was completed,
detailed and checked.

The prism housing for the SCT eya2piece was redes:gned to
incorporate the quick-disconnect feature. The SCT prism
housing also included a thermal insulation blanket.

The in-flight cleaning kit was resolved by inclusion of
books of plain and silicone treated, lens-cleaning tis-
sues and one cotton handkerchief. These items are
readily available and are covered under FED Specifica-
tions, therefore, no SCD drawing release was required.
The only item which is not definitely specified is the
container or pouch for the cleaning kit elements. A
commercially-available polyethylene envelope with a
molded-in plastic zipper was under evaluation.

The Tracker HVPS was modified to eliminate component
problems associated with the Star Presence Indicator
circuitry.
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4.4.2 LM'External Eggépeering

A design study was completed to incorporate the new eyepiece
into the Alignment Optical Telescope (AOT) configuration.

A change was generated to replace the teflon packing used in
the AOT rotating knob shaft with an "0" ring seal.

The design of the new reticle element, which incorporated an
aspheric surface, presented a requirement for redesign of the
reticle assembly, its mounting and adjustment.

Rework of at least one major component was required to adapt
the new eyepiece to the AOT.

Continued support to Manufacturing was provided ror purposes
of developing improved manufacturing assembly alignment, and test
procedures to facilitate delivery of the AOT breadboard, pre-pro-
duction and production models. As a result of such efforts, two
AGT breadbhoards were delivered and one production model was as-
sembled and tested. Qualification testing of the AOT Shipping
Container was completed and delivery of the first prcductvion con-
tainer was accomplished.

Procurement of all parts and assemblies necessary to fabricate
and ship the AOT Learner Model, Thermal Breadboard, Mechanical
Breadboard and Trainer Simulator was completed. However, it was
necessary to ship the first three units less the Strain Isolation
Pressure Seal (PN 6011096) because of vendor difficulties in fabri-
cating this part.

Fixturization was designed for thermal-vacuum and vibration
acceptance testing of the AOT and fabrication was completed. Fix-
tures for AOT leakage tests were also completed.

Several design recommendations on the reticle drawing and the
drawing of the rubber interface seal between the AOT and the LM
spacecraft were forwarded to MIT/IL. The rubber seal was under-
going further evaluation and some changes were anticipated.

Functional evaluation of the AOT breadboard optics was con-
tinued. Seven aspherics were fabricated in the course of develop-
ment of methods for producing the AOT aspheric lens.

Analytical design efforts concerned with developing wooden
mockups of the AOT were completed. Analytical work was moving
toward mockup design simulating the body geometry, weight and c.g.
A F;brication and Test specification was prepared for this type of
- mockup.
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The Internal Engineering Staff assisted the Documentation
staff with development of assembly and test procedures for the AOT.
Other work in this area included development of assembly test and
flow charts.

LM engineering provided support to the fabrication and test
of the Learner Model AOT. Several potential design problem areas
were noted and discussed with MIT/IL. During testing of the Ob-
jective Assembly (P/N 6011809), the centration and axial alignment
control of the first two lenses were not adequately controlled.

Subsequent meetings with MIT/IL resulted in an agreement to
redesign this portion of the assembly and the effort was in pro-
gress. Kollsman recommended retrofit of the redesigned lens cell
into the Thermal and Mechanical breadboards and MIT/IL considered
this action. Several alternative procedures and tests for cali-
brating the AOT power under operational vacuum conditions were de-
veloped. These tests and procedures were submitted to MIT/IL for
consideration.

Change Control recorded completion of seven outstanding TDRR
actions in May and six in June. (See Table 4-7.)

Table 4-7

FINALIZED TDRR ACTIONS

Request No. TDRR No. Summary of Changes
K-2056 20025 Modification for addition of adapter.
K-5023 19850 To correct drafting error.
K-5026 19840 To increase tolerances.
K-5029 19842 To correct drafting error.
K-5034 19849 To assure mechanical compliance and
reliability.
K-5035 19841 To correct drafting error.
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Design studies were continued on fixturization to test AOT
leakage. A fixture designed to test the overall instrument leakage
was released to munufacture. A fixture for isolating and testing
each leakage source was developed. Five leakage sources included:
the rubber seal, packing at the eyepiece and upper section inter-
face, the gas ejection valve, the positioning mechanism seal and
defects (perforations) in the various mechanical comporients.

LM Engineering extended support to Space Division Manufacturing.
The objective was to develop and refine AOT assembly, alignment and
test techniques. As a result of these efforts, six AOT's were
shipped. One unit (Simulator I) met all Procurement Specification
requirements, with the exception of excessive bias error shift in
the Lead pr.sm during exposure to acceptance level violation. This
was evalunated by Kollsman and MIT/IL, and resolved by securing the
prism with epoxy, effective AOT 601.

A written formal request was submitted to MIT/IL recommending
that the TDRR Proposal K-2092 (CRN MK-267) modifying the LEM Pro-
curement Specification 6011000 be cancelled and replaced with new
TDRR Proposal K-5069.

It should be noted that both TDRR Proposals similarly described
changes to PS 6011000 for the performance of specific functional
tests on the AOT under space vacuum conditions per MIT/IL design
requirement. Within the new TDRR Proposal, however, the changes in
functional testing under vacuum environment were based upon a test
adapter to present FTE and GSE configurations. This adapter, with
associated vacuum pump, vacuum gauge, etc., was easier and more
economical to fabricate and use than the more elaborate and costlier
replacement vacuum test fixture previously planned.

This test adapter consists of a windowed hemisphere which was
placed over the head prism section of the AOT instrument so that
it then sealed the head prism from ambient pressure conditions.
Because the spacing between the telescope hood and prism mount
forms a labyrinth seal and because the instrument is sealed at its
lower internal end, evacuation may be readily accomplished by this
method. Vacuum measurements would be accomplished through the
"purge valve". Vacuum conditions within the telescope (space side)
will be 1 x 10~ 2mm Hg. or less which is an adequate vacuum for
simulating space conditions with regard to expected change in index
of refraction. The hemisphere has two plano~plano windows strate-
gically placed so that target coliimators used on FTE and GSE may
be utilized. The hemisphere can also be rotated on an axis parallel
to the instrument shaft axis so that refraction errors due to prism
window alignment may be negated.

The new TDRR proposed K5069 was incorporated as part of
Kollsman's revised Engineering Revision Plan (ERP K76Rl), and
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submitted to AC Electronics for approval. The proposed production
cffectivity would be incorporated on the first AOT and GSE units,
three and one-half months after receipt of authorization to "qo-
ahead”. All production AOT units delivered as air-focused units
were recommended for retrofit at KI,

Other accomplishments included improvement of AOT power match
test techniques both at the objective assembly level and at the
end-item level. Also, vibration, leak test and thermal-vacuum test
procedures on the AOT at assembly and end-item levels were success-
fully developed. All of these tests were performed on the AOT
Simulator No. 1 without difficulty.

KPS 11K &§011829 and KPS 11K 6011807 were utilized for prelim-
inary test on the Mechanical Positioning Assembly, and Mirror
Housing and Window Assembly, respectively. Both test procedures,
although requiring minor modifications such as adjustment of torque
values and addition of helium concentration to test data sheets,
proved adequate. Both assemblies exhibited leak rates which were
well within the limits specified by their respective procedures.
The test of the Mirror Housing and Window Assembly, PN 6011807 un-
covered the need for a torque requirement for tightening of the
Locking Ring, PN 6011030.

The Mechanical Positioning Assembly was also tested against a
15-psi pressure differential and still exhibited a leak rate which
was well under the limit imposed by KPS 11K 6011829, In addition,
a test fixture was improvised for dynamic leak testing of the Mech-
anical Positioning Assembly, PN 6011829 during rotation of the
positioning knob. During this test, the Mechanical Positioning
Assembly, PN 6011829, still exhibited a leak rate which was below
the limit allowed by KPS 11K 6011829,

4.4.2.1 Problem Areas
(1) Strain Isolation Pressure Seal, PN 6011096

LEM Project Engineering performed leak testes on an
engineering sample of the pressure seal NASA PN 6011996.
The purpose of the tests was to obtain definition of an
acceptable procedure for testing compliance with the
maximum leak rate required by Note 6B of NASA PN
6011096. Early results were obscured by rapid, high-
level permeation of helium through the large area
silicone rubber surface of the seal. Further experi-
ments indicated that a procedure which allowed pulsing
helium into a backfill chamber delayed the ocnset of
helium permeation for a sufficient time to allow dis-
crimination between actual leakage and helium
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permeation. Delivery of Class A pressure seals were
tested for compliance in accordance with the acceptance
and qualification requirements (Notes 6B, 7 and 8) of
NASA PN 6011096.

(a) Leak and Deflection Tests -~ Each of the pressure
seals was subjected to leak test and deflection
test in accordance to Note 6B, PN 6011096, All
seals were found to exhibit leak rates well below
3 x 1073 1b. (05)/hr. defined by the drawing leak
requirement. In addition, all seals tested for
diametral deflection exhibited deflections of less
than 1/2 inch. This was below the 9/16 inch al-
lowed by Note 6B and remained uniform within the
1/16 inch requirement.

(b) Thermal Leak Test - The seal (SN 8) was selected
for leak testing over the ~-45°F to 160°F range as
specified by Note 7, NASA PN 6011096, The seal
exhibited a leak rate well below 3 x 10-5 1b.
(02)/hr. allowed by the drawing.

(c) Rupture Test - The same seal (SN 8) was tested in
accordance with Note 7 of NASA PN 6011096 to ob-
tain the diametral deflection versus the pressure
differential curve. The seal ruptured at a pres-
sure differential of 60 psi, which was well above
the 30 psi failure point specified by the drawing
requirement.

Vibration Test - One seal (SN 4) was selected for
testing in accordance with the vibration leak test
requirad by Note 8 of NASA PN 6011096. The vibra-
tion input was a tl/8-inch displacement for

1 x 106 cycles at a vibration frequency of 25 cps.
Leak rates were measured after 3 x 1n3, 2.5 x 105,
5 x 105, 7.5 x 105 and 1 x 106 cycles. The maxi-
mum leak rate recorded was well belrw the leak
rate of 3 x 10-5 1lb. (02)/hr. allowed by Note 8.

Conclusion - Based upon the above test results, it
was concluded that all seals tested were found to
be in Class "A" compliance with the drawing re-
auvirements.

(2) Addition of new Thermostat Switch to AOT Eyepiece
Heater Design Change.

(a) The addition of a n=»w thermostat, PN 1012548, to
the present AC” configuration 6011000-000 by MIT/IL

4-41



(3)

(4)

(5)

(b)

KOLLSMAN INSTRUMENT CORPORATION

revised the original Change Request MK 262 to MK
281 and MK 262B. MK 262 included addition of
heater and insulators to the AOT Eyepiece. The
addition of a thermostat required remachining of
the existing "Housing, PN 6011106", for proper
installation. The requirement to rework "Housing,
PN 6011106", to accommodate the thermostat re-
sults in a part non-interchangeable feature and
thus changed the original configuration to
6011000-011. It should be noted that new assembly
drawings had been created as a result of the re-
vised change request.

A design review was conducted at KI to evaluate
all drawing affected by the MK 262A and MK 28l.
Several comments and recommendations which related
to the thermostat, heater, and potting materials
were made by the Design Review Board. All com-
ments and suggestions were submitted to MIT/IL for
evaluation and implementation of change to the

drawings.

Prism, PN 6011427 - Interference between the prism
and the Prism Mount, PN 6011017, was detected at

assembly, and verified by dimensional analysis. The
chamfer on the prism edge was increased to elimi-

nate this problem. Simultaneously, the Luxorb was re-

placed by 3M coating and clear areas were located on
the prism base, to permit sealing of the prism
directly on the three flat pads on the Prism Mount,
PN 6011017. These changes were telecon-approved
by MIT/IL prior to the rework of the parcs.

Housing and Spring Positioning Mechanism Assembly.
PN 6011823 - The inability to hold the 0.D. of thu
PN 6011822 to .7615 maximum after spotwelding the
PN 6011026 to PN 6011027 caused interference at
the PN 6011823 level. An engineering proposal

has been submitted to MIT/IL to allow machining
of PN 6011822 to a 1.750 0.D, after spotwelding.

Lens Spacers, PN 6011000 - Based on the vertex-
to-vertex lens separations required by the optical
design of the AOT, a dimensional analysis was
performed on the seven lens spacers used in the
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AOT optical system. The analysis indicated that
all spacer dimensions were adequate except the
PN 6011013 which was almost 0.20 oversize. The
width of this spacer was reduced from 0.620 ¢
.005 to 0.600 * .001. This change was telecon-
approved by MIT/IL.

Counter Window, PN 6011122 - The counter window
interfered with the shade of the counter during
assembly. Consequently, an additional slot was
added to the window to correct the above inter-
ference. A telecon-approval was received from
MIT/IL to implement this change.

The reticle control knob on the Learner Model

AOT appeared to be exceptionally free in rotation.
Since this may cause problems in the stability of
measurement exercises under orbital dynamic con-
ditions, suggestions were forwarded to MIT/IL
concerning an increase of torque on this device.

Design Recommendations - As a result of assembly-
level testing on the AOT Learners Model, Thermal
Breadboard, and Mechanical Breadboard, centration
and axial orientation control of the first two
objective lenses were found to be inadequate.
Subsequently, at a meeting with MIT/IL, design
change recommendations were presented and were
currently being considered.

Ball-to-disc welding problems were encountered on
the Spring and Disc Assembly (PN 6011822). The
problem was corrected by an alternative brazing
process., '

4.4.2.2 Ground Support Equipment (GSE)

(1)

TDK-14L-LM Shipping Container (PN 6014000). The
shipping container was subjected to Qualification
Tests and a report was prepared. The container
successfully passed the quaiification tests after
having its suspension system revised to eliminate
a previous deficiency. Delivery of the first pro-
duct’ °n container was effected.
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TDK-15L-LM Alignment Optical Telescope Tester
(AOTT), PN 6014003. A First Article Test (FAT)
to demonstrate field site capabilities was planned
for accomplishment at GAEC. A FAT Development
Plan, dated 29 November 1965, was issued in Apollo
format. Recent development however, required re-
vision of the AOTT mounting base requiring that
the overall height ¢nd weignt of the fixture be
reduced to acceptable limits. A revised Mech-
anization Drawing, replaced the original version
which was pending review by MIT/IL prior to
altering the already completed fixture. A new
hoisting sling was to be supplied so that the
existing hoist at all sites under consideration
could be used. An ERP was in preparation, de-
scribing the additional effort to be expended

in the performance of FAT. This included base-
line AOT calibration using Factory Test Equipment
(FTE) (on the Learner Model AOT) and the pre-
paration and performance of tests at GAEC, in-
cluding procedures and other documentation.

LM Optics Cleaning Kit - This item was shipped.

Vacuum Test Adapter-ERP-K-76 Revision 1 was dis-
tributed revising the ACT Procurement Specifi-
cation 6011000 to include testing under simulated
vacuum environment. This specification revision
necessitated design modifications to the existing
AOT Final Test Fixture (FTE) and AOT Tester (GSE).
A mechanization drawing, assembly and detail
drawings for the added vacuum test adapter were
completed for both FTE and GSE with production
break-in effectivity three and one-~half months
after go-ahead. No authorization to manufacture
was received.
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4.4.3 1Internal Engineering

4.4.3.1 OUA Fabrication

BLUCK I - The OUA Block I fabrication effort was highlighted
by the completion and delivery of AGE 17 and AGE 12, as well as
the spare (formerly AGE 10) OUA.

The AGE 17 was shipped to AC two days ahead of scheduled deliv-
ery date, despite a last-minute design change which entailed the
replacement of the trimming module with a newly designed breadboard
module requiring realignment of the OUA and further testing after
installation. AGE 17 also represented the successful culmination
action which considerably improved the OUA.

Experience with AGE 12 proved fairly siwilar to AGE 17. HKow-
ever, a new problem became evident in the tendency for some motor-
generators to develop over-limit stictional characteristics which
necessitated their replacement. AGE 12 also represents the first
Optical Unit Assembly (OUA) with built-in, vacuum-defocus compensa-
tion. The SXT eyepiece was focused intermediately on the reticle
for ground testing. By removal of a spacer, sandwiched between the
SXT Panel and the eyepiece, the SXT was optimally focused for re-
mota targets in space. This change was received only a few days
before the unit was shipped and it was incorporated imme:diately.

Seven Block I-100 OUA's and two Block I-100 retrofits were
accomplished. In addition two Block I-50 retrofits were completed.

AGE 121 was completed and shipped to AC. AGE 121 represented
the first unit built and tested to meet the full requirements of
the Block II OUA Procurement Specification PS 2011000. Acceptance
testing was conducted in accordance with KPS 11K-2011000-1, Revision
C. Tbhe buildup and testing history for this unit ia documented in
Acceptance Data Package (ADP) No. 38. :

AGE 102 was completed and delivered to KI Apollo Analysis and
Evaluation for thermal analysis. This unit was built and tested
to meet modified requirements of PS 2011000. These modifications
were authorized by AC Directive KD-2105. Acceptance testing was
conducted in accordance with KPS 11K 2011000-1 AGE 101/102 Revision
I. The buildup and testing history for this unit is documented in
ADP, No. 45.
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AGE 17, previously shipped to AC, represents the first of the
Block I-50 OUA's returned to Kollsman for retrofitting of stray
light suppression features and @ double SXT reticle. This rework,
involving approximately 50 percent teardown, was completed and the
unit reshipped to AC. The unit was acceptance tested to Block I
OUA requirements in accordance with FTM 1011000, Revision F. The
history of this retrofit is documented in ADP No. 19, Revision A.

AGE 121 was returned to KI in September for retrofit of stray
light suppression features, electronics ground isolation, anu in-
stallation of antibacklash gears in accordance with RIB 0106011
and KD's 2190 and 2194. This work, involving approximately 40
percent teardown, was completed and the unit returned to AC. The
unit was acceptance tested in accordance with PS 2011000 Revision
C, KPS 11K 2011000-1, 001, and wWaiver No. KI C-95 which deleted
tracker and photometer operation as a selloff rejuirement. The
history of this retrofit is documented in ADP No. 38, Revision A.

AGE 20 was the second of the Block I-50 OUA's returned to KI
for retrofitting of stray light suppression features and the air/
vacuum SXT reticle in accordance with RIB's 0106011 and 0106012.
This work, involving approximately 5 percent teardown, was com-
pleted and the unit returned to AC. The OUA was acceptance tested
in accordance with FTM 1011000, Revision F. The history of this
retrofit is documented in ADP No. 16, Revision A.

AGE 110 was diverted from KI Quaiification Testing for repairs
and retrofit of electronics ground isonlation. This work, involving
approximately 25 percent teardown, was completed and the unit sent
to AC. This OUA was acceptance tested in accordance with PS
2011000, Revision D, KPS 11K 2011000~1, Revision L, and Waiver No.
KI-C-107 which deleted tracker and photometer operation as a sell-
off requirement. The history of this retrofit is documented in
ADP No. 46, Revision A.

AGE 122 was completed and shipped to AC. This unit was built
with « functioning but untested tracker and photometer. The OUA
was acceptance tested in accordance with PS 2011000, Revision D,

KPS 11K 2011000-1, Revision L, and Waiver No. KI-C-96 which deleted
the tracker and photometer testing. The buildup and testing history
of this unit is documented in ADP No. 63.

AGE 109 was completed and shipped to AC. This unit was also built
with functioning but untested tracker and photometer. The OUA was
acceptance tested in accordance with PS 2011000, Revision D, KPS
11K 2011000-~1, Revision L, and Waiver No. KI-C-105 which deleted
the tracker and photometer testing. The buildup and testing history
of this unit is documented in ADP No. 64.
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AGE 123 was completed and shipped to AC. The electronics
module associated with the tracker and photometer functions were
deleted from this unit and a compensating weight was substituted to
maintain YT shaft balance. The OUA was acceptance tested in ac-
cordance with PS 2011006, Revision E, KPS 11K 201)000-1, Revision
P and Waiver No., KI-C-139 which deleted the tracker and photometer
functions and substituted the balance weight. The buildup and
testing history of this unit is documented in ADP No. 62.

BLOCK II - Redesign of Tracker and Photometer Electronics
(Block II) was applied to a single OUA, AGE 200, SN 010. This OUA
was delivered to MIT/IL as an evaluation unit. The new design
involved revision at the module assembly level. (reference Table 4-8)

The Block II Learner Model (LM) and AGE 101, as well as the
electronic breadboards, were assembled and tested. The LM, AGE 101
and Breadboards No. 1 and No. 2 were completed. Concurrent with
fabrication and test, the Block II OUA procurement specification,
PS 2011000, was finalized. 1In addition, test techniques specified
in the sub and final assembly test procedures were refined. Four
versions of the final OUA test were generated for the following
applications:

BLOCK II LM FINAL TESTING - A composite OUA KPS consisting of
modified Block I and interim Block II JDC's (JDQ's). This procedure
permitted testing the LM with the Block I Position Test Fixture
(PTF) , the Functional Tester, and temporary equipment for tracker
and photometer test configurations.

EVALUATION UNIT FINAL TESTING - An interim Block II OUA KPS
consisting of Block II procedures modified to reflect the subpro-
curement specification standards to which AGE 101 and AGE 102 were
being built. This KPS incorporates the Block II PTF and Functional
Tester, yet reflects the use of interim equipment for tracker and
photometer configurations.

STANDARD OUA FINAL TESTING - A KPS incorporating procedures
and FTE for Block II production OUA's to substantiate their conform-
ance to the Procurement Specification was completed.

FIRST ARTICLE TEST (FAT) COMPATIBILITY - An abbreviated version
of the Standard Optical Unit Final Test KPS designated to verify
compatibility betwean GSE &nd FTE.

SYSTEM DATA - A KPS was issued to perform alignment tests on
the SXT Index Head, PN 2011701, and OUA subassembly stage 2, PN
2011890, with interim and final test equipment. Method books to
accomplish these tests were released. The focusing fixture (FTE) to
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set Tracker and Horizon Sensor Optics was complete and operational.
The potting specifications for Phototube fabrication was revised
to 120°F at longer cure times to eliminate high temperature tube
problems.

Table 4-8

MODULE ASSEMBLY REVISIONS

Block II
Title Elock I (100) Dwg No. Redesign Dwg. No.

High Voltage Power S5Supply 2007030 2007030-011
Tuning Fork Assembly 2007023 No Redesign
Head Electronics Assembly

(Tracker) 2007024 2007176

Head Electronics Assembly

(Photometer) 2007025 2007179

4.4.3.2 Test Equipment
GROUND SUPPORT EQUIPMENT (GSE)
BLOCK I

1. TD K;74 Five-~inch Autocollimator - The last unit was deliver-
ed and the TD completed.

2. TD K-92 Two and one-half inch Autocollimator (SCT) - The last
unit was delivered and the TD completed.

3. TD K-86 G and N Installation Qualification Fixture - Three
units were completed and delivered.

4. TD K-86 Azimuth Reference Fixture - Three units were com-
pleted and delivered. The last two units were in the final
assembly stage.

5. TD K-86 Certification Fixture (for 3. and 4. above) - Three
units were completed and delivered.
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TD K-107 Theodolites and Supporting Equipment - The reticle
retrofit was performed on four units. The final three reticles
were faulty and were rejected. The¢ vendor manufactured new
reticles.

TD K-108 Two and one-half inch Autocollimator (SXT) - The last
units have been delivered anc the TD is now completed.

TD K-132 Retroreflecting Prism - One prism has been delivered.
The second unit had indications of an internal fault and was
returned to the vendor. The first prism certification fixture
was accepted and delivered.

FACTORY TEST EQUIPMENT (FTE)

BLOCK II
1. SXT - SCT Transmission Tester
2. Eight-inch reflecting Collimator
3. Dual Preamplifier Tester
4, Trunnion Mirror Flatness Tester
5. Precision Balls
6. Dual Photodector and Preamplifier Assembly Tester

7. Dual High Voltage Power Supply Tester
8. Dual Tuning Fork Oscillator Tester
9. Electronics Assembly Tester
10. Stiction Tester
11. Narrowband Amplifier Simulator
12. Tracker-Photometer Focusing Fixture
13. Phototube Peaking Fixture (PTF)
14. PTF Modification
15. Functional Tester Modification
1l6. Star-Horizon Simulator
17. Star-Horizon Certification Fixture
18. Auxiliary PTF
19. Narrowband Simulator (Photometer)
20. SXT Mirror Interferometer
21. Phototube Tester
22. Horizon Calibration Unit
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GROUND SUPPORT EQUIPMENT (GSE)

BLOCK II

1. Functional Tester (FT)

2. Variable Deviation Wedge three units
3. Portable Light Assembly four units
4. Shaft Accuracy Tester one unit

5. Yoke Position Fixture two units
6. Alignment Mirror Assembly one unit

7. Autocollimator Plate Assembly (0°) five units
8. Autocollimator Plate Assembly (45°) three units
9. gz:iuggrtgggcgtmulator Certification five units
10. G and N Fixture Stand nine units

SXT HEAD MIRROR INTERFEROMETER - Kollsman received a Perkin-
Elmer Modified Twyman Green Interferometer. This instrument applies
the Michaelson interferometer to the precise evaluation of optical
systems. As the instrument is used on the Apollo SXT, it supple-
ments the data obtained on the flatness of mirrors obtained individ-
ually in the Davidson Fizeau Interferometer.

This instrument enables much more precise evaluation than was
possible by calculation from the individual mirror reports because
the addition is automatic and has double sensitivity. This is due
to the configuration which caused the beam of light t¢ traverse the
mirror assembly twice.

The results of this technique confirmed the work done prior to
acquisition of the instrument, in cases where the mirrors used had
regular contours. However, with mirrors having irreqular depar-
tures from flatness, only the new technique i3 reliable. The tech-
nique has also shown that the mounting design and practice has
maintained the expected mirror performance.

Kollsman planned to conduct tests using this new instrument
to determine how the mirrors perform under varying temperatures,
thereby enhancing means to improve thermal stability.



KOLLSMAN INSTRUMENT CORPORATION

4.4.3.3 Problem and Study Analyses

COATED MIRRORS - [nitial difficulties were experienced by the
vendors in supplying Kollsman with SXT Head Mirrors. The surface
flatness requirement of 1/8 A proved difficult to maintain through-
out the reflection enhancement coating operation. A joint investi-
gation, initiated by KI with the mirror vendor and conducted at
the latter's facility, proved that control of flatness was lost
when the mirror was subjected to the high coating temperatures
required for enhanced reflection. Stress relief at a higher tem-
perature and careful regulation cf heating and cooling rates brought
the problem under control.

MOTOR GENERATORS - Excessive starting voltage values were
registered when the motor was energized in a vacuum of 10-4 torr or
higher. Investigation disclosed a high temperature gradient be-
tween the motor housing and the rotor. Binding resulted when this
gradient, transmitted through the bearing, caused the inner race
to expand at a higher rate than the outer race, thereby removing
the allowable radial play. Corrective action was taken by autho-
rizing a drawing change to permit the use of larger radial play
bearings.

TUNING FORKS - KI revised the electrical data on the SCD to
comply with parameters noted in repetitive testing of production
units of “he Tuning Fork. Materials Review Board (MRB) action on
Beryllium housing discrepancies was studied and a complete delivery
of parts was made to American Time Products for rework to incorpor-
ate the necessary changes, Dual trucker forks were installed in
the laboratory tracker housing for experimental purposes. Pro-
duction probhlems caused by the use of 32-gauge wire were solved by
changing to 26-gauge wire, thus minimizing lead breakage.

Failure reports were requested on two tuning fork units for
tracker use. A cecil circuit failure was discovered on one Engi-
neering Evaluation (serial number EE-1l) unit after delivery to KI
and a pinched lead was noted on a second nnit. Corrective action
was accomplished on both units. The vendor submitted a procedure
to measure tuning fork imbalance, SPO1l563A, which was approved
after minor correction.

PHOTOMULTIPLIER TUBES - Proposed and/or completed changes to
the Photomultiplier Tube SCD included:

(1) deletion of Figure I and Figure II (Time resclution and
typical anode characteristics.)

(2) relocation of anode rise time and electron transit time
from Table II to paragraph 3, Design Requirements,
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(3) tightening envelope dimensions of the Photomultiplier
tube,

(4) provision of an alignment hole in the tube base.

A request was issued to remove paragraph 5, Special Condition-
ing and tc downgrade QOC provisions from Class 2 to Class 3. The
request was not approved by KI, due to the condition of the photo-
multiplier tubes inspected and delivered. Meetings at RCA and KI
to discuss bent leads and distorted tube envelopes resulted in a
program which got under way to eliminate these defects. As agreed
with the vendor, three class A tubes, which had off center cathodes,
were returned.,

Approximately thirty-five photomultiplier tubes were delivered,
completion of a total order of sixty tubes was anticipated. A re-
order of one hundred twenty photomultiplier tubes was forwarded to
the vendor. Twelve tube module failures occurred in-house during
various phases of manufacture.

HEAD LLECTRONICS - The preamplifiers exhibited inconsistent
gain from unit to unit as well as a tendency to oscillate.

The inconsistent gain resulted from allowable parameter toler-
ances on the input Field Effect Transistor (FET) which caused some
units to operate in their saturation regions. This problem was
corrected by changing the value of a bias resistor.

I'limination of the oscillations was achieved by adding a capa-
citor to reduce high frequency and by shielding the high impedance
input FET. The shield prevents feedback from the output stage which
is adjacent to the input. A new layout was designeda ana the unit
performed well without the need for any shielding. The layout was
reviewed by MIL/IL.

Nonalignment of the phctomultipiier tube to the optics can
produce physical tolerance buildups in an assembly. A tester was
built to adjust this position and check the resultant operation.
However, the mechanical configuration did not permit the necessary
tube rotation. Kollsman designed a rotatable configuration which
was reviewed by MIT/IL.

HIGH VOLTAGE POWER SUPPLY (HVPS) MODULES - HVPS breadboards
were built and tested exhaustively. Several changes in component
values and minor circuit configurations were suggested and in-
corporated into the welded modules. These changes improved opera-
ting points, optimized scale factors, and reduced component power
dissipation.
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OSCILLATOR MODULES - The tracker fork drives did not activate

the forks to the proper drive cmpiitude and lacked the proper

phase relationship for the reference output. Circuit changes were
implemented and several welded un.ts were built which proved satis-
factory.

BLOCK II FUNCTIONAL TESTER - A Fine Indicator Receiver was in-
corporated in the Block II Functional Tester to permit precise
positioning of the Shaft and Trunnion. The size 11, two-minute
receiver acts as a load on the 64X resolver transmitter on the
Sextant Trunnion. A series of tests for accuracy were conducted
to determine the amount of error introduced into the 64X resolver
output angle with the receiver as a load. Using two receivers,

SN 6384 and SN 6388, two accuracy tests were performed every one
degree from zero to 30 degrees of mechanical rotation. See Fiyure
4-1, Two additional accuracy tests were made to compare the peak-
to-peak errors. (See Figurec 4-1,) One test was made in accordance
with the PS 1012065 procedure and the other under no load with
output windings floating. The insignificant effect exerted by the
Fine Indicator Receiver on the 64X resolver transmitter readout is
clearly indicated in the following data and associated Figures 4-1
and 4-2,.

p-p error (per PS 1012065) 6.7 sec.
p-p error (unloaded) 7.3 sec.
pP-p errer (SN 6384) 6.5 sec.
p-p error (SN 6338) 6.8 sec.

RESOLVERS - The availability and delivery of all high precision
resolvers (64X and 16X) was ahead of scheduled requirements. The
delivery of 1X receivers and transmitters was also meeting required
schedules. A change to the accuracy requirements was under consid-
eration to insure uninterrupted delivery while remaining compatible
with the new Block II OUA specifications.

(a) 64X Resolver - A review of all the documented discrep-
ancies did not disclose any problems directly attributable
to the 64X Resolver. However, in order to insure that
a sufficient amount of data was available in the event
of a deviation or failure, the JDQ's associated with
the SXT Trunnion Accuracy and zero were expanded to
include information on the 1X and 2X resolvers.

(b) 16X Resolver - The SXT Shaft Drive Axis (SDA) exhibited
an unusually large number of deviations before and
after environmental exposures.
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The majority of the deviations occurred as an out-of-
specification condition at optical zero. The resolver
seemed to shift mechanically since an in-specification
measurement at zero moves to an out-of-spe~ification
condition after exposure to environment. The peak-to-peak
results of the JDQ's show that the resolver maintained
its basic harmonics and peaks and valleys. Although the
zero scemed to move, a plot of the error data indicated
that the resolvers maintained their characteristic shape.
The graphs in Figures 4-3 and 4~4 show a plot of the
errors, recorded at four different times for the first

22 degrees of rotation on AGE 110 and AGL 123. The peak-
to-peak values for the four curves are tabulated as fol-
lows:

AGE 123 AGE 110

(ADU reading x 1077 (ADU reading x 10~

3)

Max.

(d)

(e)

F- SN BT, I -
e o o
[eaR i S I e}
DAY T O
e ¢ o
~NWw o

diff. = .6 x 10°° = 2.16" Max. diff. = .9 = 3.24"

NOTE

The large peak recorded on one
of the curves for AGE 123 at 1°
was ignored in the precading
tables since it was subsequently
found to be in error.

The maximum differences noted in the preceding tables
amount to about 10 percent of the allowable peak-to-peak
tolerance (44 sec.). This same variation was noted in

both published and unpublished data on AGE 121, AGE 111,
and AGE 122. The zero shift phenomenon results in

changes that amount to several seconds where the allow-
able error is 10 seconds. This is equivalent to variations
of 25 percent and higher.

An investigation into the effect produced by the trim

module indicated that for AGE 123 the trim module was

performing in accordance with the theoretical calcula-
tions. Calculated gradient for the trim module is



ADU READING x 103

KOLLSMAN INSTRUMENT CORPORATION

{\

NUAN
3
o)

TN
Q72 SINTANE
NS B A BB\ A
U N

DEGREES

Figure 4-3. JDQ 03004, AGE-123



ADU READING x 10™5

KOLLSMAN INSTRUMENT CORPORATION

\-

=

N

>)
S~

>__.

<
Ny

AN
Vi
Y%

16

DEGREES

Figure 4-4 JDQ 03004, AGE 110



KOLLSMAN INSTRU4ENT CORPORATION

15 mv/turn of the potentiometer which is equivalent
to 6.25 seconds/turn. On AGE 123 the voltage on the
trim was measured at 76 mv equals 32 seconds. The
zero was measured at 47 without the trim module and
14 seconds with the trim module. The difference of
33 seconds is contributed by the trim module. Tae
trim module obviously was not causing this type of
trouble.

(f) The result of further analysis of this problem in-
dicated that a physical movement of either of the
two parts of this resolver would result in a zero
shift while still maintaining peak-to-peak accuracy
within readable limits. Since complete data on the
1X resolver associated with this unit was not avail-
able, changes were incorporated into the JDQ's.

MOTOR GENERATOR - The six sample servomotors, with the black-
ened drag cups, were delivered and tested at KI under the proposed
special conditioning (+ 150°F and -40°F). All servomotors per-
formed satisfactorily and the qualification to the drag cups was
incorporated into all servomotors in process and at Solvere. 1In
addition, the motors were returned to Solvere for incorporation of
rikthon retainer bearings and the new drag cup design.

PHOTOMULTIPLIER TUBES - Considerable progress was made in up-
grading the gquality of the tube leads. Difficulty in devising a
guantitative criteria of lead acceptability prevented resolution
of the problem. To alleviate this problem, KI and the vendor selec-
ted a single tube, SN 900, as representative of the minimum «ccept-
ance criteria for lead quality. Acceptable leads are those cqual
to or better than the criteria of the sample tube. The relation-
ship between tube noise, dark currents and mode sensitivities were
investigated. Results indicated that the relationship between
tube noise and mode sensitivity was not clearly defined or readily
predictable and that tubes rejected on the basis of poor signal-to-
noise ratio (ratio measured at sensitivities of 100 amps/lumen)
may perform satisfactorily at the lower sensitivity levels used in
the Tracker. Phototube studies continued in the foregoing areas,
and additional tests were made to determine photocathode quality
and predictability of response.

ZENER DIODES INVESTIGATION - As a result of extended perfor-
mance testing at KI, the reliability of the 1010830-11 zener diode
(tracker preamp star presence circuit) was questionable. Tests
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indicated that a large percentage of KI stock failed to meet the et
mcisture leak requirements (ND 1002054), Follow through investi-

yation at the vendor's facility revealed that the vendor was aware

of the noncompliance, but neglected to recall the units in question.

Suitable documentation and assurances were furnished to KI indicating

that the problem would be eliminated in future shipments.

BEAMSPLITTER, P/N 2012222 - In the first lot of beamsplitters
obtained from the vendor, acceptance was based on the evaluation
of spectrophotometric curves of two samples in the lot. Subseqguent
system tests indicated that some of these filters did not meet the
latest part specification.

Spectrophotometric checks on the second lot of 12 beamsplitters
indicated that they satisfied conditions required by Revision D,
llowever, further check on flatness requirements rejected all but
SN's 1015, 1017, and 1019. SN 1016 was retained for engineering
evaluation.

The vendor indicated difficulty in maintaining the flatness
of the blanks through its coating process. A closer liaison with
the vendor together with change to a more stable substrate (PN
2012222, Revision G) increased the number of acceptable parts.

One lot of four beamsplitters were coated with the new substrate.
In view of the critical nature of these parts, KI engineering con- _—
tinued to monitor their progress.

Additional procedures for inspection were instituted which
included 100 percent spectro-transmittance measurements by the
vendor to insure final qualification. A test procedure was set up
by KI Quality Control with the vendor for a step-by-step inspection,

In measuring the transmittance of a beamsplitter in a spectro-
photometer at 45° incidence, the measurement beam deviated from the
center of the photometer sensor by the thickness of substrate. To
compensate this beam deviation, the spectro-transmittance of the
beamsplitters was measured two at a time. The resulting spectro-
curve represents the product at the two spectro-transmittances.
Should the transmittances of the two beamsplitters tested prove
identical, then their individual transmittance is the square root
of the aforementioned curve. However, this does not always apply.

To ensure that the spectro-curve obtained by the spectrophoto-
meter represents a single beamsplitter, an uncoated substrate was
used with the beamsplitter to compensate for measurement beam
deviation. Since the attenuation of the uncoated substrate is
easily determined, the spectro-transmittance of the beamsplitter
along can be factored out.

gl
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SXT HEAD MIRRORS (BERYLLIUM) - The production facilities of
the Star Line of Sight (SLOS) mirrors were increased. The control
procedures were reviewed and updated with the various vendors in-
volved., Technical coordination affecting all vendors improved.
All parts in process at coating were heat-treated in accordance
with the latest revisions. These mirrors were lapped more to the
concave side of the tolerance. It was anticipated that these
revisions would produce more stable mirrors as the result of the
coating process, which causes the mirrors to move in a convex
direction., A material reduction in the percentage of parts re-
quiring rework to meet the drawing requirements became evident.,

Anodized Beryllium Components - KI, MIT/IL and AC met to
implement NASA's request to improve the corrosion resisting charac-
teristics of the OUA. At this meeting it was determined that the
exposed beryllium components, i.e. optical base, SXT and SCT
panels and their seal gasket frames, should be black anodized. Mini-
mum requirements were established for anodize characteristics and
areas to be anodized. A target for implementation of the anodize
requirements was set at AGE 203 and a team was selected to make
inquiry and visit potential vendors for the anodize finish., It was
further agreed that, based on the findings of the team, AC would
authorize KI via TWX to proceed with placement of an order for
anodizing based on a budgetary estimate.

The team contacted and visited several vencdors and concluded

.at Brush Beryllium of Cleveland, Ohio was the best suited to the
‘ask. On the basis of the bid from Brush, a TWX was sent to AC
with the estimate and a request for approval to anodize the AGE 1
optical base for MIT/IL's evaluation. AC refused approval on the
grounds that MIT/IL could handle the anodizing more efficiently.
AC further indicated that the urgency of implementing the anodizing
requirement by AGE 203 was superseded by the more radical design
revisions (Tracker and Photometer deletion).

The Photometer HVPS was manufactured without difficulty. Test
cables and terminal boards were prepared and used to select the
high voltage (HV) level for proper Photometer output. Special
handling reduced lead breakage and an SCD was submitted to MIT/IL
for more flexible wire to further reduce the breakage.

The Tracker HVPS was a continuing problem. Units which fell
within specification requirements were assemhled by selecting a
resistor, a zener diode and a transistor. These components were
difficult to obtain, as the manufacturers would not provide compo-
nents in the narrow range of the parameters needed. In addition,
the HV and Star Presence outputs drifted for approximately one-half
hour after the unit was in operation. KI prepared and tested
several alternate circuits. These circuits were submitted to
MIT/IL for evaluation and development of a new design for Block II.
Tests, performed due to initial difficulties in adjusting prototype
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mocels of the supply, indicated that, while the design is operable,
an improvement in the adjustment provisions of the supply was

highly desirable and could be effected with a relatively small
modification, See KI publication AA-65-260, "Report of Assembly
High Voltage Power Supplyv Star Tracker PN 2007175" dated 16 December
1965,

FOCUSING AND PEAKING (HS and ST) - Positioning of the objective
lens on the Horizon Sensor (HS) and Star Tracker (ST) for optimum
focus at 350 and 400 microns respectively were performed at FTE
level., To reduce operator error due to readout ambiguity, a narrow-
band pass green, filter was added to visual readouts. This permit-
ted more accurate observer's setting for visual focus which is
then corrected for the 350 and 400 micron positions,

In addition, the peaking fixture was re-oriented to vertical
position to eliminate the inherent error due to sag or fixture
imbalance. Vertical reposition required rework of the peaking
fixture,

ST peaking at the component level was introduced to account
for vertical position of peak photocathode output. The existing
FTL fixture for Head electronics was being modified and corres-
ponding revisions to the appropriate KPS to permit photocathode
survey in the vertical position for peak response were in effect.
Suitable spacers were installed at the assembly level to locate
this position with respect to STLOS.

RESOLVER ZLCROING AND ACCURACIES ~ A proposal to increcase the
allowable angular error of Resolver PN 1012157 from 2 minutes to
2.5 miniutes was rejected. This resolver affects performance cf
the Scanning Telescope (SCT) shaft and trunnion. It was expected
that the increase from 2 to 2.5 minutes would not affect the over-
all perforinance of the OUA, which is 4 minutes maximum for shaft
and 8 minutes maximum for trunnion. Out of 30 received, nine
resolvers with angqular error above the specification of 2 minutes
werce accepted. Insufficient system test data was available on
the use of these resolvers to indicate their effect on the overall
accuracy of the OUA. 1In AGE 121, SN 1012 (JDQ 3006) produced a
maximum error of 2 minutes which is half of the maximum allowable
for the Shaft Drive Axis (SDA). 1In addition, a change to the
gearbox was implemented, incorporating an antibacklash gear on the
resolver shaft to facilitate the zeroing procedure,

SXT INDEX MIRROR BALANCING - Static balancing of the SXT
Indexing Mirror and Mount Assembly, PN 2011712, about its trunnion
axis could not be accomplished on SN 10, SN 11, and SN 12, due to

an apparent lack of weight on the counterweight side of the assem-
bly.

The additional weight required to balance SN 11 was obtained
by manufacturing a left-hand counterweight, PN 2012457, and a
right-hand counterweight, PN 2012456, to the "high limits" of the
qimensional tolerances specified on the counterweiqght detail draw-
ings.
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In order to balance SN 10 and SN 12, new, heavier, left-hand
and right-hand counterweights were required. The additional weight
was obtained by increasing the thickness of the counterweight, and
by reducing the total tolerance limits of certain appropriate di-
mensions. The dimensional changes as outlined increased the weight
of each counterweight by approximately 18 percent of the original
weight.

Scanning Telescope (SCT) Trunnion Drive Axis (TDA) Assembly
Technique -~ Assembly methods used for the SCT TDA, PN 2011215,
were reviewed and revised to improve the repeatability of SCT TDA
accuracy after vibration. The improvement was accomplished bv
ensuring that the bearings in the SCT TDA assembly were properly
seated,

The telescope Trunnion Axis Assembly PN 2011215, required
seating of the bearings into a blind hole of the housing, and a
close tolerance fit on the worm-shaft, PN 2011198, Failure of
these bearings to seat in either the housing or che shaft, resulted
in shaft end play, indicated as non-repeatability, or accuracy .
problems in the SCT Trunnion Drive Shaft. The revised methods in-
corporated additional technigues and tooling to prefit and pressfit
the bearings into the housing and shaft without damaging the bear-
ings. A dimensional check of the individual parts in the assembly,
versus the overall assembly dimension, after the parts were assem-~
bled, was also referenced as an added check to assure proper seating
cf these bearings.

SCT OBJECTIVE ASSEMBLY TECHNIQUE - An SCT accuracy failure on
AGE 122 was caused by a loose objective lens, Conseaquently, a
revised Route and Tool (R and T) procedure was developed to ensure
proper seating and locking of the assembly. The new technique
uses dimensional and locking torque measurements toO ensure proper
assembly.

SCANNING TELESCOPE (SCT) OBJECTIVE AND RETICLE REDESIGN -
During this report period, failure of the SCT LOS to maintain
alignment through mechanical integrity became chronic. The first
diagnosis was that the SCT reticle had shifted. However, retight-
ening of the reticle changes failed to prevent another shift during
a repetition of the mechanical integrity vibrations. Further in-
vestigation disclosed that the cause of the failure lay in the
objective lens system. I+ was determined that the design was sus-
ceptible to failure for several reasons: Cocked or canted lenses
and/or spacers caused an unstable assembled condition upset by
vibration; air cushions prevented the lens stack from bottoming
completely; the "O" ring that should provide vibration-proofing
either failed in this function or acted to bind the lockring before
it was bottomed.
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The assembly requirement for minimum lens strain would act in
concert with the aforementioned possibilities in causing the failures
that were experienced. The immediate remedy that permitted continu-
ation of production was & change in assembly techniques. The shafts
that had failed were reassembled ' 1der controlled conditions, the
vibration-proofing "O" ring was lightly lubricated to prevent bind-
ing, and a maximum torque commensurate with the mechanical strength
of the assembled components was applied tc ensure that the "O" ring
and air cushion resistance were overcome. The stacked weight was
also compared to the sum of the individual element weights to ensure
that the assembly was completely compressed. As these precautions
proved successful on the reworked units, they became standards for
all follow-on shaft assemblies. As a result of the foreqoing ex-
perience in production, a design study of the shaft assembly was
conducted, This study yielded two design improvements as follows
which submitted to MIT/IL for incorporation.

The first redesign was prompted when the initial failure occur-
red in the SCT reticle mount. The present design approximated the
Block I SXT reticle design which had failed on several occasions in
Block I production. That SXT was redesigned for Block II and has
proven very successful., It therefore appeared logical that relia-
bility and prolonged precision alignment would ke enhanced by
utilizing the same reticle mounting arrangement for the SCT. Figure
4-5 demonstrates how to accomplish this with minimum rework or
scrapping ot parts. A modification at the Outer Telescope Tube
Assembly (PN 2011722) level is required, involving five new parts
and no change to the main beryllium telescope tube or the SCT reticle.
This new design duplicates the cemented reticle fliange, removable
pos .tioning cams, and positive locking features of the Block II
SXT reticle mounting arrangement.

The second redesign involves an improvement to the mounting of
the SCT Objective lens elements in the SCT shaft and is illustrated
in Figure 4-6. 1In this redesign, & positive banking surface is
provided for the third objective doublet, PN 2011709. The first
two doublets, PN 2011709 and PN 2011708 are mounted and locked into

place with the first locking riny which threads into the main beryl-
lium telescope tube. The third doublet is then clamped against the
first locking ring by a second locking ring that threads into the
first. The third doublet is then secured, independent of the first
two. This modification requires no changes to the optics or tele-
scope tube and only requires two new mounting rings.

SXT INDEX HEAD BALANCE -~ Initial design and fabrication of the
counterweight to replace Head Electronics was completed. Redesign
of this unit to provide a more rigid lug is in work. Installation
of this counterweight will be arranged by ECO to expedite manufac-
ture. Drawing No. 2012723 was assigned to this part.
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LUMINOUS TRANSMITTANCE - Both AGE 110 and AGE lll required
sell-off waivers when they were found to be nonconforming by fail-
ing a portion of a luminous transmittance acceptance test. The
requirement for transmittance through the SXT LLOS is 4 percent.
Both units measured approximately 3 percent for this parameter.
Investigation and analysis pinpointed the Beamsplitter, PN 2012222
as responsible for this failure. AGE 121 met luminous transmit-
tance requirements but contained a non-Class A Beamsplitter. AGE
110 and AGE 111 contained Class A Beamsplitters. A series of
transmittance tests with samples of both categories of Beamsplitters
from stock verified that the difference in transmittance between
the two categories of Beamsplitters corresponded to the difference
between the acceptable AGE 121 and the out-of-specification AGE 110
and AGE 1ll. See Table

(a) Luminous Transmittance Investigation - The problems
encountered in qualification of OU Luainous Trans-
mittance have been twofcld. One is the inability
to obtain a sufficiently accurate reading of the
LLOS Luminous Transmittance. Second, is the
acquisition of Beamsplitters which consistently
meet the part specification.

(b) Pritchard Photometer Calibration - The Pritchard
Photometer has been analyzed and found to be "red
deficient” (e.g. it is not as sensitive to the
longer wavelength of the visible spectrum as it
should be). In the search of a method to extract
meaningful data from the Pritchard, short of
elaborate spectrophotometric calibration at a
standards laboratory, an expedient method was
developed in which a correction factor was derived
fcr the Pritchard when measuring the LLOS.

In such a calibration, a source with monochrometer and a
calibrated thermocouple must be used. The thermocouple gives the
absolute energy emitted by the monochrometer while the photometer
gives the response to this emitted energy. By taking the readings
at regular intervals of the wavelength region a spectral sensitivity
curve of the phctometer can be obtained. This curve will be similar :
but certainly not identical to the ideal standard luminosity curve.
There is insufficient data at this point to ascertain the retention
of this calibration.

. After such a calibration is made, a correction factor will
still be necessary, should there be a deficiency in its red region
sensitivity.

The correction factor is the ratio of the theoretical and the

measured luminous transmittances of a gspecific "CF" filter. The
assumption is that this filter has essentially tlie same spectral-
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transmittance as the SXT LLOS and, by determining a cor "ection o
factor for it, a correction factor usable for measuring for the
LLOS is also determined.

For this specific CF filter, an actual beamsplitter has been
utilized. Its spectral-transmittance F(\A) was measured accurately
on a spectrophotometer. The energy of the illuminant "C", re-
quired for the test, through the CF filter as sensed by an eye of
standard luminosity S(\) was obtained by the following equation:

7000 2
B(A) O(A)® C(X) S(X) F(A) 4 A
4000
Where B()\) = spectral radiance of tungsten lamp at 2854°K
O0()\) = spectral transmittance of opal glass used as
diffuser

C(A) = spectral transmittance of Corning C-1-71 filter
used to correct 2854°K black body to illuminant C.

The theoretical luminous transmittance of the CF filter is
then given by:

7000 [ 2
B()A) O(A)® C(X) S(A) F(A) 4 A
4000

7000 r 2
B(A) O(A)T C(X) sS(X) A A

4000 |

In actually measuring this quantity, the Pritchard photometer
is substituted for S and the integrals are replaced by the cutput
of the photometer. However, each item under the integral are
physically present and pertinent.

Pritchard output with CF filter
Pritchard output of illuminant C only

'I‘m"'=

The correction factor CF is then simply:
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In the long run a certified spectrophotometric calibration on
a Pritchard photometer may still be made at a standards laboratory.

To facilitate better alignment of the photometer line of
sight with that of the SXT alignment fixtures are under considera-
tion. One of them is an inclined mirror to be attached to the
photometer lens used to aid the positioning of the photoneter.

Fixtures to insure the stability of the test configuration
are also under cor ‘ideration. These fixtures would retain a de-
gree of freedom in the vertical direction for the peaking of the
photometer.

HORIZON SENSOR OUTPUT PROBLEMS - The Horizon Sensor (HS) out-
put problem was due to light level changes and Auxiliary Precision
Test Fixture (APTF) calibration problems.

(a) An extensive investigation by KI, which included sky
measurements in optimum sky condition areas, con-
sultations with the National Bureau of Standards
(NBS) and conferences with MIT/IL, were completed,
and the certification equipment recalibrated.

(b) In order to determine the light losses due to use of
the APTF, KI measured, and had other optical manu-
facturers measure the reflection factors of the
Deflection Mirrors. 1In addition, a Normal Probe
Mounting Probe was designed to allow direct measure-
ment of simulator light as it enters the OUA.

HORIZON SENSOR (HS) ALIGNMENT PROBLEMS - In view of variations
in Photometer LOS alignment (PLOS) to LLOS, an error analysis due
to tolerance buildup was investigated. This review showed that the
PLOS was offset by .014 inches and, for the optical characteristics
of the photometer lens, .014 inches corresponded to 15 arc-minutes.
As a result, adjustments to this LOS were investigated. Two methods ;
for adjustment were available. One method readjusted the objective §
lens with respect to the objective lens. In both cases, the PLOS E
was adjusted with respect to the LLOS.

STAR TRACKER SIGNAL GRADIENT PROBLEMS -~ The Star Tracker ;
signal gradient was above specification recuirements in each system ;
produced to date. Calculations showed that, within the tolerance |
limits of all components as specified, the signal gradient could
vary from slightly below to more than ten times above the specifi-
cation requirements. Kl proposed one resistor, to be mounted on
the terminal board, to be selected as a HV adjustment at the OUA
level to set the gradient. MIT/IL rejected this approach, and
would rather adjust the gain of the Tracker Head Electronics module
at the subassembly level. Tests were developed at KI which de-
termined reliable subassembly test parameters, that would assure
OUA signal gradients which meet specification requirements.
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SN 103 - PN 2012
31 AUGUST 1965

222

Beamsplitter Percent
Filter Type Source Intensity Intensity Transmission
No filter,
different
source 30.0 3.6 12
Cs-l"'7l (SQ) 4.2 044 1004
Cs~-1-72 13.3 1.60 12
Corning
No. 5900 2.0 .19 9.5

SN 104 - PN 2012222
31 AUGUST 1965
No filter,
different
source 30.0 3.3 11
CS"'l"?l (SQ) 402 041 908
CS-1-71 (Rd4) 4.0 41 10.3
CS~-1-72 13.3 1.50 11.2
Corning
No. 5900 2.0 .185 9.3
SN 1005 - 1 SEPTEMBER 1965

No filter 29.0 1.7 5.9
CS~-1-71 (sq) 4.2 .175 4.17
CS‘1—72 1302 073 504
Corning
No. 5900 2.0 .078 3.9
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STAR TRACKER ALIGNMENT PROBLEMS ~- Final tests on Star Tracker
(ST) alignment indicated that the trunnion axis had in-specifica-
tion and out-of-specification tolerances on repetitive tests. This
condition was resolved wren such variations on the earlier OUA were
attributed to operator technique and readouts.

Holding twenty-second accuracy in Trunnion Axis as a require-
ment has been defined as a two-step operation. Basic alignment is
performed at the 2011701 assembly level by setting the fork housing,
and final alignment is completed at the 2011890 assembly level by
adjusting one Tracker Mirror. The ability to perform basic align-
ment at the 2011701 assembly level with FTE or with an optical base
has been included in the KPS to allow uninterrupted fabrication de-
pending upon completion of subassemblies.

Consistent readout of Trunnion Asix accuracy for the STIOS
before and after vibration tests was noted during OUA tests.
Familiarization of APTF setup for such tests is one of the im-
portant factors in maintaining in-specification conditioans.

STICTION PROBLEMS DURING THERMAL VACUUM TESTING - The high
stiction problems that were exhibited by Servomotor, PN 1012156,
during thermal vacuum testing have been solved by increasing the
radial and end play specifications.

A proposed change to the special conditioning was under con-
sideration, changing the room temperature requirements to a hot
(+150°F) and a cold (-40°F) cycle.

At the end of August, two Solvere servomotors were subjected
to the proposed special conditioning. The results of these tests
were presented to Solvere engineering. The tests were not 100
percent conclusive in favor of the Solvere design and a simple
modification to the present design was recommended. Since the
problem exists only at the cold temperature (where maximum tempera-
ture gradient occurs from rotor to case), a method of removing the
heat from the rotor had to be found. ‘At present, heat is conducted
from rotor through the bearings. Solvers proposed to blacken the
tachometer drag cup in accordance with MIL-F-495, thereby increas-
ing the heat transfer .throuch radiation. Six sample servomotors
were manufactured with the new drag cup and delivered to KI for
test and evaluation.

LEAKAGE TESTING PROBLEMS - During manufacture of the Block
I-100 series of OUA's, a problem was encountered in the use of
Block I Optical Bases (PN 1011631) used in the earlier AGE. 1In
this design the bellows mounting studs are epoxied in to form a
vacuum seal. In-process testing and environmental conditioning of
the units necessitates the assembly and removal of leak test caps
and bellows. The units on these bolts are torqued in accordance
with the requirements specified for assembling the bellows to the
OUA in the field. Leak testing disclosed that, after several of
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these assembly and removal cycles, minute leaks developed in the
studs, requiring rework. The Block I-100 Optical Bases do not
have this problem because of a design change incorporating blind
holes for the studs. This problem was not noticed on Block I units
because of the method of leak testing and the allowable leak rate.
These minute leaks were not of sufficient magnitude to cause rejec-
tion of a Block I unit, but would be cause for rejection of a
Block I-100 unit which has a leak rate 10,000 times lower than a
Block I unit.

This problem also became apparent in the environmental test-
ing of SN 10 OUA after retrofit. This is a Block I unit and met
the Block I leak rate requirements, which are incompatible with the
pumping capabilities of the vacuum chambars used for thermal vacuum
testing, thus preventing the chamber from reaching the required
level of pressure. KI requested that the seal lubricant used
on Block I-100 units be incorporated in the Block I retrofit units
in the form of a TDRR. This would help alleviate, but not com-
pletely eliminate, the problem.

OUA MOUNTING TECHNIQUES - Information was added to JDQ 03016
covering the technique and tools to be used in mounting the OUA
unit to the vibration fixture. This information shall prevent
damage to the high precision ball mounts and maintain the repeat-
ability of the OUA alignments.

CLARIFICATION OF THERMAL VACUUM TEST REQUIREMENTS - Informa-
tion was added to JDQ 03017 covering the technique and tools to be
used in mounting the OUA unit to the vacuum chamber bulkhead to
prevent damage to the ball mounts and maintain the repeatability
of the OUA alignments.

The "Procedure" section was revised for clarification and a
specific voltage was added for excitation of the OQUA during the
test and shutdown of test equipment between runs. The "Profile
Chart" was revised for clearer definition of the pumpdown phase,
test run starting requirements, and the duration of test.

Technical Directives TDK-60 /NND TDK-92 :uthorized the per-
formance of thermal analyses of the OUA and Map Data Viewer (MDV)
to determine temperature conditions of selected critical elements
for hot and cold orbits. Both the final MDV thermal analysis re-
port and the OUA thermal analysis final report were issued, there-
by completing the final effort.

Technical Directive TDK-61 authorized mechanical integrity
tests of the AGE 2 OUA. Specifically, the work consisted of
preparation of a test plan, design and fabrication of test fix-
tures, performance of tests and recording of analysis of data.
Following the tests specified below, a final report was issued,
thus completing the authorized effort.
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Vibration overstress tests were begun. Initial exposure to
the 125 percent level gave rise to repeated impact within the OUA.
This problem has been investigated and SXT and SCT shaft axes
bearing preloads were established at 120 pounds each.

Sinusoidal vibration testing was performed at 45 cps, and at
increasing levels up to a 6g peak. At this level, repeated impact
was evident. The Belleville washers were then flattened, and the
test was repeated. No impact occurred for levels up to a peak of
8g's. It was concluded that the OUA had not been secured properly,
and that the Belleville washers were beiny compressed. The re-
mainder of the overstress tests (random vibration) were conducted
with flattened Belleville washers.

A full FTM was performed prior to the start of the 125 per-
cent level tests. Vibration tests were conducted along the three
(3) C/M axes. An FTM performed following these tests showed no
degradation of the assembly. However, a slight shift in the opti-
cal axis alignment (2 seconds of arc) was measured.

Vibration tests were conducted at the 150 percent level along
the three C/M axes. Tests were completed along the X, and Yo
axes with no apparent malfunctions. Immediately after the start
of Z., vibration, failure occurred on the four (4) shoulder posts,
PN 18T1323 (suppert for the Flexprint connector in the SXT head).
The test was completed without making a repair. An FTM performed
following these tests showed an optical axis alignment shift of
two (2) seconds of arc. No other degradation in performance of
the unit occuried, except for loss in electrical continuity in the
Flexprint. This was attributed to the failure of the posts. The
Flexprint was reworked by resoldering the connectors to their re-
spective leads and repotting with a conformal coating. The posts
were replaced.

Testing was performed at the 175 percent level along the Xcgpy
axis. Degradation in performance was noted, since there was no
gear drive to the SXT Index Mirror. Investigation of this problem
showed that approximately five (5) teeth of gear, PN 1011346, had
been ctripped. Since this gear is used over only one-quarter of
its circumference, the repair was performed by repositioning the
gear on the assembly. Testing was continued along the Yem and Zenm
axes of the C/M. An FTM following these tests showed no additional
degradation in performance of the unit, except for the shift of an
optical axis alignment of about two (2) seconds of arc.

The oxygen overpressure test was completed. The GUA func-
tioned properly during exposure to this environment. The ex-
plosion test was completed. The OUA functioned properly during
exposure to this environment.
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The earthlanding shock test was completed. After this test,
the following discrepancies were noted:

(1) SXT Telescope Tube, PN 1011293, was broken into
two pieces.

(2) Black pasty residue had accumulated at the inter-
faces of the Sextant shaft bearing retainer,
PN 1011316, and the inner race of the bearing,
PN 1011607-2.

(3) The glass envelope of one of the Sextant reticle
lamps, PN MS 24367, was broken.

Each of the above discrepancies was considered to be unim-
portant inasmuch as crew safety, the only requirement for the
earthlanding shock test, was not affected.

The final report was issued by 30 June 1965, thus completing
the authorized effort.

Technical Directive TDK-83 authorized design evaluation test-
ing of the AGE 1 OUA which included thermal vacuum and humidity
exposure. Fcllowing the tests specified below, a final report was
issued, thus completing the authorized effort. '

The OUA was prepared for further thermal vacuum testing. The
SXT reticle was replaced and clamped with 15 ounce-inches of torque
equally applied to the three (3) clamping screws, in accordance
with the approved Assembly Test Procedure. New covers for the SXT
and SCT were obtained and painted in the manner outlined and with
the materials specified in Figure 3-3 of the Command Module
Quarterly Technical Progress Report, No. 10. The SXT shaft axis
bearings were preloaded to 75 pounds, in accordance with the latest
Assembly Test procedure. Thermocouples were mounted at loca‘tions
assigned by MIT/IL.

Evaluation of the SCT was performed by MIT/IL personnel at
KI , with KIC assistance. Continued investigation of the SXT
error was performed by MIT/IL personnel at KI , with KI assistance.

Intermittent cycling of the OUA under nominal thermal vacuum
conditions and typical operating conditions was begun. The first
ten (10) days of the 30 day cycle was completed. Evaluation of
the data shows SXT angular measurements (electrical versus optical)
to be within 32 seconds of arc. In general, operation of the unit
was satisfactory.
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Completed intermittent cycling test - the unit
functioned satisfactorily.

Leakage test - no measurable leak rate was
determined.

Ground temperature test - the unit functioned
satisfactorily.

Thermal vacuum overstress test - the unit
functioned satisfactorily.

Humidity test - formation of a corrosive-like
substance was observed on the beryllium (Be)
surfaces of the Optical Base. Chemical analysis

of

this substance was being performed.

4.5 ENGINEERING - PERIOD ENDING 31 DECEMBER 1966

Command Module Engineering

The following Block II OUA's were completed. In addition, a
Block I-50 retrofit was accomplished and a Block II SXT Head
Assembly (MIT/IL) evaluation was completed:

4.5.1

.
a0

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

AGE
AGE
AGE
ACE
AGE
AGE
AGE
AGE
AGE
AGE
SXT

124

12, s/N 11
201 s/N 012
202, S/N 013
1-201 s/N 014
203 S/N 015
204 S/N 016
205 S/N 017
206 S/N 018
203 S/N 020
Head Assembly S/N 040

The major part of Engineering's effort during this period was
spent on vendor and in-house technical problems. At this point in
time, enough engineering and manufacturing experience had been
gained so that time could more gainfully be spant on solving the
more subtle and design related problems. The following is a review
of this action.
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4.5.2 QUA Components and Subassembly Performarce

4.5...1 Solvere Motors

Kollsman, per TDRR 30916, performed all special conditioning
(thermal vacuum) tests on Solvere Motors prior to final acceptance.
To insure proper operation during these tests, Solvere incorporated
a .004 minimum end play (in-house) specification, since previous
data indicated units with lower ead play became marginal.

As a result of failures experienced in the qualification
system (OUA 124) several meetings were held at AC Electronics on
failure analysis with KI, and Solvere personnel in attendance. One
of the areas of investigation, and results of these studies are
presented in the following paragraphs.

As a result of the special conditioning tests performed by KI,
the maximum temperature of the generator output winding was found
to exceed the speacified value by approximately ten degrees. A re-
quest was forwarded to MIT/IL to lower the control thermocouple
temperature to 140°F from 150°F thereby lowering the maximum
generator temperature. The graph in Figure 4-7 indicates tempera-
ture on the right are calculated from the measured resistance
values on the left, using the following formula.

R, - R
Th = ——;———— (234.5 + TQ)

o
R, = Measure resistance (hot) ohms

Rb = Measure resistance (ambient temp.) ohms
T, ™ Ambient Temp. °C

'1‘h = Temperature rise °C

T, is then corrected to °F and added to the ambient tempera-
ture i“ °F.

At the suggestion of Solvere, the drag cup was dyed black to

meet the new requirements presented by Kollsman engineering. Cal-
culations leading to this suggestion are presented in Table 4-9.
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TABLE 4-9

CALCULATION OF RADIATED HEAT TRANSFER
FROM ROTOR TO STATOR

Parameters:
Motor Stator Taemperature 10°C
Motor Rotor Temperature 100°C
Motor Rotor Emissivity Constant (e} 0.3 2
Motor Rotor Area 0.47 in
Drag Cup Temperature 100°C
Drag Cup Emissivity Constant 0.66 2
Drag Cup Area 4.9 in
Dyed Drag Cup Emissivity Constant 0.87
Outer Stator Temperature -8°C
Inner Stator Temperature g8°C
Power Input to Rotor 1.7 watts

Power transferred to motor stator:

v e !eﬁﬁ?; 1

W o= e (3.68) (tg - t3) 10711 a

= (0.3) (3.68) (373% - 283%) 10711 (0.47 = 0.067 watts

Power transferred to outer stator = 0,859 watts
Power transferred to inner stator . = 0,781 watts
Total power transfer 1,707 watts

Power transferred via drag cup = 1.640 watts

To dissipate 1.640 watts using e = 0,87, a new drag cup
temperature was found which satisfied the power transfer equations.
This valus was 78°C, showing the rotor-stator temperature gradient
to be 22°C less if the drag cup were dyed black. Note also that
95 percent of the hecat transfer was from the drag cup.

g Solvere experienced an increase in starting voltage failures,
: due to the rotors which were purchased from Chase Electconies,

| New York. Kollsman Engineering and Reliability visited tb: ..ador
: to verify the manufacture and processing of the rotors. i(n-u:tiga-
% tion at Solvere revealed that during the machining of the ..ator

I.D., the lamination did not clean up. An internal dimensional
change was made to ensure proper clean of the stator I.D.
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MOTOR TACHOMETER RECYCLING - On 11 November 1966, AC K-D2353
cirected the cessation of production activities on AGE 207 and AGE
209. The directive also limited activity on units following those
portions of the OUA not associated with motors.

A joint meeting of Kollsman, AC and Solvere was held during
November 1966, to disassemble eight motor tachometers.

Visual and photographic inspection revealed a high degree of
manufacturing Tontrol and Quality Control. Contamination was found
to be the result of the disassembly process. Kollsman and AC met
{or a bearing analysis at the vendor's (NHBB) facilities December

966.

The basic Motor tachometer problem was inadequate lubrication
quantity of lubricant. Kollsman provided the bearing lubrication
procedure. Kollsman also provided detail procedures for disassembly,
cleaning and assembly of motor tachometers recycled to Solvere. End
play settings procedure was recommended. Kollsman provided and per-
formed a review of the telescope assembly as well as others to
determine possible elements contributing to motor-tachometers
stiction. Reference report AE-66-028.

To further expedite the motor recycling, three Kollsman
personnel were assigned to Solvere on a full-time residence basis.

4.5.2.2 Resolvers

1X RECEIVER ~- Clifton Precision experienced a high percentage
of rejects after the temperature cycling procedure. A change to
PS 1012157 was submitted to MIT/IL to give relief in the area of
high rejection rate. This change increased the maximum allowable
erroxr to 2.5 minutes and added a peak-to-peak error requirement of
3.5 minutes which was in accordance with the new OUA test pro-
cedures.

64X RESOLVER ERRORS - It was noted that the peak-to-peak
errors on the 64X Resolver at the 2012736 level of assembly ex-
ceeded the allowable specification. The units were within the
final sell-off specification. Since a high percentage of 64X
Resolvers purchased were at or near the maximum allowable tolerance
(10 sec. p~p equivalent to 20 sec. p-p LOS), a study of resolver
errors versus SXT TDA errors was performed. Tables 4-10 and 4-11
show the peak-to-peak data for each Resolver manufacturer. Figure
4-8 shows the TDA errors and resolver errors plotted for OUA 200,
201 and 203. Except for a bias error (to be expected) it appeared
. that the harmonic content of the error curves repeated satisfactorily,
indicating no changes in the resolvers. In addition, comparison of
KI final data on OUA 205 and tests performed at AC on OUA 205 indi-
cated the same type of repeatability. Checks of in-process data
show that the peak errors always occur at the same points, further
substantiating the integrity cf the resolvers.
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TABLE 4-10
64X RESOLVERS .
REEVES
P-P Error TDA
Resolver at Source Measured
oua S/N (X2) Sec P-P Sec
111 1006 14 12.6
109 1007 18.6 21.9
123 1901 17.2 9.7
200 1003 20.8 19.8
124 1002 13 15.8
201 1005 16.4 20.9
202 1004 17.2 20.2
TABLE 4-11
64X RESOLVERS E
CLIFTON ;
P-P Error TDA %
Resolver at Source Measured 2
oua S/N (X2) Sec P-P Sec
121 1502 16.4 13.3
102 1501 12.4 18
110 1503 16.0 8.65
122 1504 13.8 : 16.9
1-201 1517 | 18.6 21.2
203 1518 19.6 21.9
204 1513 15 12.6
205 1510 18.8 25.9
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4.5.2.3 Eyepieces (SCT and SXT)

DESIGN - Several significant changes were made on the SXT and
SCT eyepiees during the reporting period.

The fixed focus SCT eyepiece, PN 2012693, was replaced with an
adjustable eyepiece, PN 2012719. To avoid a schedule impact, modi-
fication of the SCT LER design allowed common use of casting,

PN 2012670, and insulating blanket, PN 2012714 and PN 2012715, for
both PN 2012719 and PN 2012691.

Modification of the Prism Housing Assembly, PN 2012667 assured
interchangeability of this assembly as a module. The original
design concept required OUA adjustments to accomplish field retro-
fit., It was expected that these modifications were incorporated
with no impact on the original schedule set for in-line and retro-
fit activities. ERP 108 was updated to include these modifications.

A special provision had to be made for Block I-50 in the form
of a modified P/N 2012667 released as a new assembly, P/N 1013010.
This new assembly may be used in Block I-100 and Block II units
with shim, PN 1013015 attached. For use on Block I-50 units the new
configuration shall be assembled without shim PN 1013015 and in ac-
cordance with special field instructions. Figure 4-9 illustrates
the application of these assemblies to units in the field. The
size of spacer, PN 2012712-2 or PN 1013014 is determined from the
field measurement described in paragraph 3.2.13.6. Spacers PN
2012750 and PN 1013015 are set ug in production to provide the Prism
Housing Air Equivalent of 3.835 X0.003 inches.

A change in the main housing of the SCT Long Eye Relief, (LER)
P/N 2012691 became necessary to assure that all units would meet
specification, regardless of tolerance accumulation.

PROCUREMENT - End item procurement philosophy was finalized
to reflect the following end item configurations:

2012699 - SXT Mirror Housing and Air Focus Shim Assembly

2012700 - SXT Standard Eyepiece

2012667 - SCT Prism Housing and Insulation Assembly (Block
I-100 and Block II)

1013010 - SCT Prism Housing and Insulation Assembly
(Block I-50)

2012719 - SCT Standard Eyepiece (Adj.)
2012691 - SCT Long Eye Relief Eyepiece
2012748 -~ SXT Long Eye Relief Eyepiece
2011000 - OUA (without eyepieces)
1011000 - OUA (without eyepieces)
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The previous scheme, although not finalized, did not include
provisions for 2012700 and 1013010. See Figure 4-10 for illustra-
tion of configurations.

MANUFACTURING - Engineering changes, especially new releases
reduced the lead time to a minimum although no schedule slippage
occurred.

TESTING - Optical Unit AGE 102, was supplied as a test vehicle
for eyepieces in accordance with Apollo Memorandum Ap-M-12383., The
original scheme for testing was revised to incorporate the Optical
Unit in lieu of test equipment which was not available during this
reporting period.

FAILURES - A single electrical failure took place in September
1966, (FR9873) in which an eyepiece cable broke away at the eyepiece
solder joint. Upon study of the assembly, the current method of
strain relief was adjudged to be inadequate. A layout was generated
for a technique of strain relief which was applied in the field and
involved no factory alteration to existing hardware.

A steel wire, slightly shorter than the electrical conductors
runs parallel to the conductors. The wire is firmly anchored to
the cable connector at one end, and to the eyepiece housing at the
other end, by means of wraparound clamps.

Assembly number 2012700, SN 2002, was returned from the field.
Focus adjustment was not attainable due to a jammed assembly.
Analysis at KI indicated damage to Key number 2012882 and slight
galling of adjustment thread. The probable cause was misassembly
in the field. The air focus shim may have been reversed, eliminating
necessary Key clearance which led to subsequent jamming. A caution
note was added to ADP's concerning this assembly.

4.5.2.4 Connectors

PROBLEM - An investigation was initiated by Kollsman, follow-
ing a failure report indicating grooving of OUA bulkhead connectors,
gold flaking causing contamination of the connector interface, and
failures on the Functional Tester cables attributable to excessive
wear on the aluminum coupling ring, caused by the scored steel balls.

INVESTIGATION RESULTS - Investigation and examination of failed
connectors by Engineering and Reliability indicated that the groov-
ing of the shell and the gold flaking contamination of connector
interface were caused by constant mating and unmating of connectors
during test cycles.
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Representatives of KI Engineering and Reliakility and AC
Electronics component parts group met at Deutsch Eiectronic Com-
ponents Division, Banning, California, on 12 and 13 May 1966, to
discuss the aforementioned problems.

The following items were discussed:

a. Grooves on shell due to steel balls on mating plug
b. Removal of gold plating on pins

c. Building of excessive gold fillings upon interface,
creating possible shorting path

d. Ruptured shell liner

e. Burrs around detent holes

f. Rough and irregular interior of socket contours
g. Irregular or high spots on wall of shell liner
h. Cracked plastic insert of Base Harness Plug.

As a result of this discussion, a test plan was formulated by
which a failure analysis was conducted by Deutsch Reliability Group
on each of the items listed.

An ERP was submitted to AC Electronics for the design and
manufacture of short adapter cables (6 inches long). These cables
were attached to the OUA bulkhead connectors. tThey remained on
the OUA during the production test cycle, thus avoiding grooving
and gold flaking contamination of connector interface.

Kollsman Engineering investigated the difficulties of bonding
to Teflon (wire insulation). A report of test results was pre-
pared which reflected an increase in holding power of two times with

the application of a new primer P/N 1010900. The results of these
pull tests are shown in Figure 4-11.

4.5.2.5 Flexprints

PROBLEM - Flexprint parts (PN 1012519 and PN 1012520) at KI
were at a low level continually due to a high rejection rate based
upon inspection rejects. All accepted flexprints required MRB
action with resulting "Use as is" disposition.

The major reasons for the rejects were:

l. Contamination between flexprint layers

~
de o

Undercutting, pinholes, scratches and nicks on conductors

3. Nonadherance of pottlnq to FEP (Teflon) insulating
material.
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TEST SPECIMENS-(2)

{

\
ETCHED & PRIMED (20)

1I0-WITH 1012513 PRIMER
I0-WITH 10i0900 PRIMER

WIRE #

1010789 -001 (24 AWG)
1010789~ 00|

1010416-10 (28 AWG)
1010416 - 10 -

PULL
(HUNTER PULL
D TESTER)
/ Y
RTV 88| CLAMPING
POTTING PLATE
COMPOUND
AVG. TEST
PFRiMER # READING LB53

1010900 1.5

1012513 0.7

1010900 2.7

1012513 (.2

Figure 4-11l. Primer Pull

Test
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APPROACH TO SOLUTION - In order to correct this situation, KI
had taken the following steps:

1.

2.

5.

Study of manufacturing operations, and suggestions
to vendors how to improve methods.

Development of detailed visual inspection criteria

by KI Engineering, Reliability and QC. These criteria
were then submitted to the vendors for comment and
approval.

Review of Kollsman Inspection procedures to assure
that quality is at the required high level, and to
eliminate the possibility of undue rejects, due to
misinterpretation of the written procedures.

Frequent visits to the vendors by representatives of
KI Engineering, Reliability, QC and Purchasing, as
required, to resolve any differences and to lend
technical support to improve the finished product.

Survey and evaluation of other vendors in an attempt
to develop additional and superior sources.

ACTI1ION

l.

Visits were made to Flexible Circuits, Inc., Hatboro,
Pennsylvania, and Sanders Associates, Nashua, New
Hampshire, to discuss the overall problem, observe
and review their manufacturing and inspection pro-
cedures and develop more definitive visual inspection
criteria.

KI investigated several areas, and submitted sugges-
tions for changes in the cleaning, etching and
potting procedures. These recommendations were
accepted by both vendors and were implemented.

The humidity requirements were removed from both
SCD's (TDRR 27259 and 27260). Although the flex-
prints failed the humidity portion of their qualifi-
cation tests, they are not subject to such extremes
in actual use.

KI developed and evaluated a pull test to check
potting adherence. This pull test was accepted by
both vendors, and the process was added to the
purchase orders. The following paragraphs discuss
the calculations of force on connectors and descrip-
tion of pull test setup.

KI developed a group of visual inspection criteria
that were satisfactorv to Engineering, Reliability
and QC. These were submitted to the vendors for
review and comment.
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6. KI established a procedure whereby KI inspectors
source-inspected the flexprints after soldering
and after potting. This is to verify that in-
process manufacturing provides a satisfactory
product for end use. Previously, these parts were
fully completed, then inspected and invariably re-
jected due to in-process workmanship. This revised
inspection procedure called out those units that
indicated substandard workmanship, early in pro-
duction to avoid additional effort.

RESULTS - The effort mentioned in the above paragraphs
resulted in improved workmanship and quality of recent flexprints
reviewed at KI and in work at the vendors. Contamination between
FEP layers was reduced in number and size whereby foreign particles
may not bridge conductors. Also, digs, scratches, and nicks in or
around conductors or insulation were reduced to a minimum and under-
cutting of conductors or pinholes in conductors due tu etching
were substantially decreased and held to an acceptable level neces-
sary for OUA use.

PULL TEST

KI requested that current fiexprint vendors perform a pull
test between connector and ribbon. This test should verify
potting adherence for improved reliability and quality. KI flex-
print vendors indicated concern in meeting this pull test.

Herewith is a review of the loads OUA flexprints may en-
counter based on vibration requirements in PS 2016206.

Paragraph 3.3.2 of PS 2016206 for the OUA states vibration in
each axis shall be as follows:

".0054g—2— at 20 cps incressing to ‘02gE§E at 70 cps and

cps
constant to 1000 cps. Then, decrease to .004gE§§ at
200 cps with a -3db limit (for the entire profile)."

Graphically, the vibration profile appears in Figure 4-12.
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Figure 4-12. Vibration Profile

Converting the energy under the entire cu.ve into gravita-
tional units provides a maximum force of approximately 5-1/2g2.
This is obtained as follows:

A, = 1/2bh = 1/2 70-02(.02-0059%5§) = 1/2 50 x .015g% = .275g2 -
A, = bh =  1000-70(.02-005) = 930 x .015g° =  13.75g°
2 2

Ay = l/2bh = 1/2 1000(.02 x 004) = 1/2 1000 x .0l6g” = lég

o ~ 2 ~ 2
A, = bh = 2000-20(.0045) = 1980 (.0045g°) = _8.4g
g = 6.2 38.53g°2

The flexprint area under concern is at the receptacle or
connector which is fastened to the SXT Index Head. The Connector
experiences local vibrations similar to the index head. For a
random input of 5-1/2g's to the OUA, the connector or Index Head
may encounter harmonics (due to flexibility) as high as 16 g's per
Report AA-66-307. The weight of potting compound and ribbon with
respect to connector is two ounces. For a 15g load, the force that
tends to separate ribbon from potting compound or ribbon and potting
compound from connector is 15 x 2 or 30 ounces (2 pounds) (reference
Figure 4-13).
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APPLIED FORCE (CONNECTOR SIDE B,DOWN)

4 ROD APPROX 1/8" @
POTTING COMPOUND

] SIDE B

CABLE LOOP l
(BEFORE Tssr\ | / CONNECTOR BASE
RIGIDLY SUPPORTED

"
' TT77777777

!
APPLIED FORCE “~CABLE LOOP
(POSITION DURING
TEST)

v

FORCE DURING TEST

Figure 4-13. Pull Test Set~Up OUA Flexprints
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VISUAL INSPECTION CRITERIA

Inspection Requirements for KIC Part Numbers 1012519,
1012520-1 and 1012520-2:

l. 1Insrection is to be performed under 5x magnification.
Greater magnification may be employed only to verify seemingly
suspected conditions.

2. A minimum of .010 separation shall be maintained between
conductors, and between any conductor and any edge.

3. Slivers and/or burrs emanating from conductors shall not
extend beyond 10% of the minimum conductor separation width. Con-
ductor edges shall be reasonably straight, however, irregularities
due to burrs, nicks and etc. that do nct wviolate minimum space or
conductor width, shall not be cause for rejection.

4. Black oxide coating of conductors shall be generally free
from copper exposed areas resulting from scratches, rubs, or
undercutting from etching. However, their presence shall not be
cause for rejection if those .onditions extend less than 20% of the
conducter width. Total conductor width must still meet: the .025
minimvii. requirement.

5. Contamination held to a minimum, and shall not, in any
‘ase, bridge conductors. Its presence shall not be cause for re-
jection, except where cable fails 1500 VDC high potential test.
Where contamination exists, and tests are performed, Flexible
Circuits, Inc. will certify that the cable has passed this test.

6. Surface of the teflon shall be smooth, continuous, and
generally free of imperfections. There shall be no dielectric
breakdown, and the test method shall not introduce surface im-
perfections. '

7. Connector body (except base) jack screws and the exposed
pins of the connector shall be clean and free of potting compound,
mold release, and/or other foreign material.

8. Nothing herein shall ke construed as a deviation/variation
of the blueprint and/or applicable specification requirements.

9. Flexible Circuits, Inc. will maintain in-house procedures
per manufacturing and inspection flow chart dated
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10. Pinholes shall not be cause for rejection except when total
conductor width across pinhole is less than .025". 1In addition,
two or more pinholes located within any 3 inch length of conductor
shall be cause for rejection.

NOTE: When 1500 V high potential test is required, it shall
be applied only across those conductors in question.

1l1. A pull test shall be performed in each flexprint to
verify potting adherence in accordance with the following procedure:

a. Rigidly support the connector body making
certain the connector is not damaged.

b. Apply a force of 3.5 pounds as follows:

(1) Uniform force to the calbe via a smooth 1.d
inserted through the cable loop.

(2) Force applied perpendicular to the face of
the connector.

(3) Apply and remove force 5 times in each of
the two directions.

c. Any separation between cable insulation and
potting compound visible during or after these
tests under 5x magnification shall be cause
for rejection.

4.5.2.6 Purge Valves

PROBLEM - Difficulties had been encountered with the purge
valves (see Figure 4-14) in seal failures and flow stoppage.

ACTION AND RESULTS - KI now opens and closes each.valve five
times at the panel assembly level and final OUA level. The valves
are leak checked and checked for flow stoppage at the two assembly
levels. In addition, a gas injection valve (Figure 4-15) was in-
stalled in the purge valve and shipped with the units. KI also
recommended the addition of a flowmeter (see Figure 4-16) to the
field purge kit. This will readily disclose whether there was any
flow stoppage and the amount of flow during purging.

4.5.2.7 Manual Adjust Knobs
PROBLEM ~ The "pop-out"” feature of the Manual Adjust knob was
occasionally sluggish and, at times, inoperative. The radial

operation of the knob was tight. Beryllium and rubber particles
were noted in the shaft threads.
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Figure 4-16. Flowmeter
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INVESTIGATION SUMMARY - PResults of tests performed, using a
Beryllium test block simulating the front panel and production
Manual Adjust Knob assemblies, was determined to be a lack of "O"
ring lubrication, and contamination by "O" ring particles and Be
material particles.

RECOMMENDATIONS - As a result of investigation, several
proposals were submitted as corrective action. Fiqure 4-17 shows
design revision.

1. (K753) - Remove sharp edge from beginning and end
of shaft thread; polish shaft thread.

2. (K780) - Revise lubrication note on panel assembly.

3. (K1471) - Remove burrs and sharp corners from spring.

4. K731 - SCT Panel 2012728. Lead-in chamfer for
large "0" ring to reduce number of rubber particles.

5. K732 - 2011784 Panel Assembly. Add spacer between
spring and spring seat.

4.5.2.8 Luxorb

PROBLEM - A Luxorb failure (Failure Report 4476, dated 28
March 1965) was observed on the Block 1 spare, SN 12. The OUA was
examined after thermal-vacuum and solar exposure. It was dis-
covered that the Luxorb in the lens assembly had bubbled and run
onto areas other than were it had been applied originally.

Some difficulty was also experienced by KI Manufacturing when
the Luxorb would be slightly dissolved during the usual lens clean-
ing operations.

The Luxorb on the lens of AGE 201A failed during qualification
testing where bubbling was observed after exposure to thermal-
vacuum and solar radiation (Failure Report 9685, dated 20 April
1966).

INVESTIGATION - In May 1965, KI Reliability prepared several
samples coated with Luxorb and exposed them to severe solar radia-
tion with resultant bubbling, flaking and 1l.,ss of material. MIT/
IL was informed of these results.

KI then prepared a TDRR proposal (K6Y94 dated 11 March 1966)
for replacing the Luxorb on the lens assembly with 3M Black Velvet
paint. A proposal to remove the Luxorb from the prism assembly
was not submitted at that time, as no failures had been found on
the prisms and Luxorb is more desirable than the 3M paint, from an
optical point of view, on the prism assembly.
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Figure 4-17. SCT Manual Adjust Knob
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MIT/IL responded to further KI questioning the use of Luxorb
by approving the TDRR (No. 28691 approved 11 May 1966) on the
basis that KI had difficulty in applying the Luxorb properly.

ACT”_.UN - rhe KI manufacturing change to 3M Black Velvet on
the ) - : was effective cn AGE 213 «~ per ECO 1l1€863, dated 23 May
1966.

4.5.2.9 Optical Measurement of Mirror Mourting Surfaces

PROBLEM - A study was conducted to provide information
concerning the condition of mirror mounting surfaces on OUA
Sextants in connection with a separately conducted investigation
of TDA shifts.

The study directed toward accomplishment of the fcllowing
objectives:

a. Establishment of criteria for intarpretation of
interference fringe patterns obtained when an
optical flat is placed in contact with three
mounting pads simultaneously.

b. Empirical verification of theoretical criteria
using laboratory test setup.

¢c. Photographic recording, and interpretation of
patterns obtained with available production test
equipment frcm mirror-mounting surfaces of OUA
Sextant AGE's 205 and 206 (after lapping of
surfaces for optical alignment), and of AGE's
210 and 211 (at subassembly levels prior to
lapping). ’

ACTION AND RESULTS - The results obtained indicate that a
significant degradation of flatness .d coplanarity of mirror
mounting surfaces can occur when t!i surfaces are lapped for
optical alignment. While no attampt was made here to evaluate
the impact of these findings on Sextant TDA shifts, the results
did point up the necessity for closer control of fiatness and co-
planarity of .adrror-mounting surfaces during the lapping procedure.
Accordingly, in-process monitoring of thease parameters on current
and future production units will be accomplished by introduction
of the requirement for the performance of tne ahove described
checks into the appropriate assembly alignment procedures.
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For complete details of this study, refersnce Project
Engineering Report, AE-66-013, "Interferometr.c Measurement of
Flatness and Coplanarity of SXT Mirror Mounting Surfaces", dated
6 June 1966.

4.5.2.10 10S shift in Thermal-Vacuum Tests

PROBLEM - The precision angle measurement, SXT SLOS/LLOS,
has been observed to change during the OJA exposure to thermal-
vacuum~-solar radiation. This change was first observed during
the Block I qualification tests (report AA-65-232, dated 31 July
1965). The same shift was observed again during the Block II
qualification tests (reports AA-65-245, 250 and 258).

This problem is not apparent on all QUA's as the precision
angle measurement is made before and after, but not during
thermal-vacuum exposure, and the angle returns to the preexposure,
exposure value after room ambient temperature is restored. A
setup was then prepared to monitor the performance nf a regular
production unit during final testing. The results of this test
(3ee Figure 4-18), as well as the past qualification tests, in-
dicate a shift of approximately 25 arc-seconds.

ACTION ANL RESULTS - It was empirically discovered that a
20-pound preload on the trunnion axis bearings will cause a 25
arc-second offset. It is also known that the length and diameter
of the trunnion drive shaft increase with higher temperature,
see Figure 4-19, and that both these increases will tend to raise
the preload on the bearings with a resulting change in the mirror
mounting plane. A layout was then prepared, see Figure 4-20,
using flanged bearings arranged so that an increase in shaft di-
ameter will raise the preload, and an increase in shaft length
will lower the preload. The contact angle will be selected
(calculations shown approximately 17°) so that the two effects
will offset each otlrer, thereby eliminating this source of shift.

Additional testing was indicated before any change war
implemented. Another OUA test, run with temperature and s.:ai.
monitoring, was performed to ascure that there were no causes of
shifc ocher than the bearing load. The flanged ber .ing configura-
tion should be checked to optimize the cancellation effect of
bearing load increase and decrease.
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4.5.2.11 Functional Tester Compatibility and MDA Tuning

PROBLEM - The compatibility of data between Functional Testers
in the telescope shaft and trunnion axes has been a source of
error in OUA testing.

ACTION AND RESULTS - Unlike the Sextant (SXT), the Scanning
Telescope (SCT) accuracy depends on the response of the Motor Drive
Amplifier (MDA). See Figures 4-21 and 4-22.

READOUT

.
@ FINE [\MD
IND
OBSERVER ~ — — v\\~//
|M0TOR'

Figure 4-21, SXT Readout Loop

DA
A

READOUT
64X _/FINE) M
)/
[MGTOR ]
b.—r-h-———
IXZX: : (;;;>’ P;;;:>>T
—/OBSERVER - — — — - ~2 , 7

MOTOR J

Figure 4-22. SCT Readout Loop

In Figure 4-21 the readout is taken from the same shaft that
is being observed by the operator. In Figure 4-22, the SCT read-
out comes from the SXT shaft while the operator is observing the
telescope shaft (Slave Mocde). A modified method of tuning the MDA
has been developed to make the response more nearly identical be-
tween amplifiers. The new procedure incorporates these basic

criteria.
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a. Overall in-phase gain approximately equal to 6000
b. Gain to quadrature adjusted to approximately equal to 500
and balance for 0 and 7 phase within 20 percent.

The data is presented in Table 4-12 indicate the improvement
in compatibility achieved with the modified method of tuning.

Table 4-12
FUNCTIONAL TESTER COMPATIBILITY
Original Amplifiers Retuned Amplifiers
SCT TLCA SCT TDA

Zero Error Zero Error

GSE No. 2 .010 FTE 103 .0646

GSE No. 3 .044 FTE 104 .0569

Max. Diff. .034 Deg. GSE No. 2 .054

GSE No. 3 .060

Max. Diff..0106

4.5.2.12 Anodize/Reanodize of Beryllium

PROBLEM - The anodizing of beryllium parts continues to pre-
sent problmes. A tendency exists for some portions of almost any
part that is black anodized to remain gray in color. This gray
condition has been most troublesome on Eyepiece Housing 2012708,
but has been less pronounced on the SXT and SCT Panels.

ACTION AND RESULTS - The degree of corrosive protection pro-
vided by a gray anodize was known with certainty at this time.
Checks made by measuring the thickness of the gray areas show them
to be within the requirements of the anodizing specification.

The standazxd test samples used for measuring thickness and
salt-spray Zurability were not adequate to measure gray area —er-
formancs, since the samples have not had the gray condition. Since
the graying is believed to be due to tooling problems of configura-
tioon and wear, a special sample has been made up to reflect these
problems as do the panels and the eyepiece housing. This sample
was subjected to salt-spray, with special attention being given to
the gray portions.

Uncertainty as to the feasibility of reanodizing beryllium
parts has been largely resolved. Three SXT Panels that were re-
jected for inadzquate anocdize coverage (&s measured by very light
gray ir some areas) have been reanodized, and the result is a better
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than average anodize condition. These panels were reworked by
stripping off the original oxide coating and reanodizing on bare
metal. Dimensional changes are less than 0.001 inch per surface.

Based on the results of this rework, that reanodizing of
beryllium appears to be a practical process.

4.5.2.13 Sextant Index Head Assembly

The final design of counterweight PN 2012723 was established
as described in Engineering Report AE-66-001. This part is of fixed
size and shape requiring no special balancing procedures for in-
stallation. It was satisfactorily shown on AGE 124 and AGE 201 to
compensate the imbalance created by the deletion of electronics.

4.5.2.14 Thermal Protective Shields (Contamination Prevention)

PROBLEM - Design and Evaluation of Astrosextant Passive Thermal
Protective Shields.

BACKGROUND - KI was directed per KD-2319 to implement the
following effort on - votective covers for the OUA. (These covers
are interfaced with _ne ablative covers, and provide protection
from reaction control system contamination.)

a. Evaluate a design previously generated by MIT/IL.
b. Develop alternate design solutions.

c. Provide estimates of cost and schedule impact for
each of the aforementioned designs.

ACTION AND RESULTS- An engineering review of the MIT/IL design
was held 9 September 1966, and Design Review Report No. 29 was
issued summarizing the comments on the review.

Apollo Project Design personnel undertook the development of
alternate protective cover proposals. One of these proposals was
reviewed 15 September 1266, and Design Review Report No. 30 was
issued accordingly. Two other concepts of protective covers were
also developed to the level of proposal layouts.

Flip charts were made up for each of the design approaches,
presenting a sketch of the design and a summary of the advantages
and disadvantages of each. These charts were used in the Quarterly
Presentation at AC Electronics.

Estimates of cost and schedule ipact were generated at KI for
each of the proposed desighs. A comprehensive report, "Contamina-
tion Protection Study - Ablative Parts", AE-66-021, was written to
present a complete comparative picture of all the designs. For
further details on the relative merits of the various designs,
reference AE-66-021,
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4.5.2.15 DBearings and Lubrication

Test performance of the ball bearings and lubricant used in
the OUA has not demonstrated a need for periodic maintenance or
other special procedures. However, there have not been any life
tests to provide data on performance after extended periods (two
years or more) in a static condition of storage, either before or
after assembly. Despite favorable performance to date, storage
life tests should be performed to dispel all reasonable doubt con-
cerning lubricant and bearing life.

BACKGROUND-Due to the finite life of the bearing lubricant and
to the relative delicacy and criticality of the ball bearinggs, KI
Engineering is aware of the possible need for some form of periodic
maintenance to prevent bearing failures in the OUA. 1In order to
predict the life of the ball bearings, study was made of the bear-
ings themselves, the lubricant properties, and the performance of
the lubricated bearing in actual application. Relevant information
was presented in each of these areas.

LUBRICANT PROPERTIES-The ball bearing lubricant is a mixture
of two General Electric components: G.E. Silicone 0il, Type F-50,
1012050, and G.E. Silicone Grease, Type G-300, 1012051.

Properties of the o0il that might result in lubricant failure
are as follows:

a. Life - 5-year shelf life

b. Temperature range - from -100°F to + 450°F

c. Vacuum durability -0.34% weight loss in 114 hours at
150°F and 10 °mm Hg.

These performance levels are fully adequate for OUA require-
rents, especially since the vendor had expressed confidence that
the useful life of the oil was considerably greater than the five
years stated on the drawing. 71he only OUA application that might
constitute a significant test of lubricant performance is the re-
latively high 'speed of the bearings in the 1012156 motor-tachometers.
Actual performance of the iubricant motcr special condictioning has
been free-of failures, despite the fact that estimated lubricant
temperatures over 300°F are reached during these runs. It must
also be recognized that these tests are of short duration, some 23
hours.

Thermal tests run on OUA's have shown that in operation the
bearing (lubricant) temperatures do not approach the +450°F ceiling
specified on the 1012050 silicone oil drawing. No deterioration
of the o1l was noted, either through breakdown of bearing perform-
ance or other evidence. These te-is involved severe conditions
(36 days total exposure to thermal-vacuum cycling), but do not pro-
vide a measure of passive life durability.
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Lubricant in storage at KI, due to the continuing manufactur-
1ng activity, has not been left undisturbed for sufficiently long
periods o{ time to provide meaningful test results of lubricant
life.

The 1012051 Silicone Grease, General Electric Type G-300,
might be subject to failure in the following areas:

a. Vacuum weight loss: 3% weight loss after 100 hours
at 150°F and pressure of 10~ °mm Hg.

b. Temperature range: -100°F to +450°F.

Life: One year shelf life; 3 years functional after
use.

Test performance of the OUA showed no evidence of failure of
the grease, as in the case of the silicone 0il. However, there
have been no test conditions that provide a measure of life of the
grease under long term storage.

Since the grease exhibits a tendency to separate when not in
a state of movement or agitation, its life under static conditions
(shelf life) is shorter than life in use. However, this can be
corrected through the simple expedient of stirring or shaking be-
fore application.

The principal function of the 1012051 grease in the grease-
. .xture is to provide a barrier to excessive creep of the
1012050 o0il. Since creep is a function of time, the most effective
test of the results of creep is to observe the bearing over a long
period of time and ~heck for the remaining oil film. Combined
times of bexring storage at KI, followed by the build cycle and by
field testing have resulted i1n some total bearing life times up to
two years. Although tests of bearing performance per se have not
been run on these unrits, bearing and lubricant performance as de-
termined by general OUA testing has been satisfactory.

BALL BEARINGS (EXCLUSIVE OF LUBRICANT CONSIDERATIONS) - The
actual applied bearing loads in the OUA are well within recommended
dynamic load ratings. The only recorded bearing failures to date
have been caused by the presence of foreign matter in the bearing,
or by failure of the wrong type of retainer. Due to the safe ratio
of actual loading to permissible load, the OUA bearings performance
becomes wholly dependent upon cleanliness and the adequacy of the
lubricant.

There is one area in which long term storage conditions could
prove to be critical-namely, the high axial loads applied to the
large shaft axis bearings. The durability of these bearings in
terms of possible brinelling of the balls and races due to axial
loads (although within bearing manufacturers' recommended levels)
can only be finally determined by storage life testing,

A
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CONCLUSIONS - Since no conclusive tests of lubricant and
bearing life over long storage periods have been performed, it was
recommended that these tests be initiated immediately. The results
of performance under operating conditions are known to be satis-
factory but, due to aging considerations for the lubricant and to
the separation tendency of the grease, a long period of two years
or more could prove to be the critical condition. Use of an OUA
that has been in storage for some time could provide an advantage
in that storage time to date may cover several months of the pro-
posed two year period. Such a test, however, would render the OUA
involved unavailable for any functional application during the test
period.

It was recommended that two gearbox assemblies be tested and
set aside to provide a means of submitting bearings and lubricant
to storage conditions and testing performance after one or two
years. This approach is more feasible and economical than use of
an OUA, but provides no check of the larger, axially loaded shaft
bearings. These could be checked by use of a fixture, or of scrap
parts needed to make up a shaft bearing and telescope tube sub-
assembly.

Aside from existing controls of storage conditions, no main-
tenance procedures are recommended. Since the principal causes of
bearing failure are believed to be grease separation, oil creep,
and brinelling of balls or races, the only recommended procedure
would be periodic operation of the OUA. This would serve to mix
the lubricant and redistribute the bearing loads that might cause
brinelling. None of the OUA's delivered have experienced an ex-
tended period of storage not interrupted by operating time.

4.5.2.16 SXT Vibration Shifts

There were numerous factors which potentially contributed to

SXT Vibration Shifts. The following areas were investigated to
determine the source of "shift" problem.

l. Resolvers

2. SXT Head Mirrors

3. Trim Module

4 SXT Head Mounting

5 OUA Mounting on PTF

6. PTF Repeatability

7. Functional Tester

8 Operator Repeatability

4-113



KOLLSMAN INSTRUMENT CORPORATION

One of the requirements for the Apollo OUA is that the Sextant
(SXT) snhaft axis (SDA) resolver be aligned to the Star Line of
Sight (STLOS) with a t l0-second maximum error at zero degrees of
shaf{t angle. Kollsman has comp.ied with this requirement on all
systems shipped. However, repeated tests of the SXT SDA resolver
alignments on the same OUA have indicated repeatability variations
as high as ten seconds of arc.

Additional testing of OUA's and checking of Factory Test Equip-
ment (FTE) has not provided a conclusive answer as to the source
of this apparent shift. Therefore, sources of possible shifts
have been examined in detail to pinpoint areas for further tests
and «valuations,.

In the Apollo Command Module (CM), the OUA will be used to
pirovide STLOS information to the Guidance Cimputer. The operator
will adjust a hand controller until the navigational star in ques-
tion is centered in a reticle pattern. The information concerning
the angle between a reference position on the CM and the star is
then supplied to the Guidance Computer by means of a precision,
multispeed resolver mounted on the OUA SXT shaft. Figure 4-23
describes this operation.

DESCRIPTION OF TEST - The SXT SDA resolver alignment is tested
by using the Precision Test Fixture (P1F) as a positior.al reference,
and by reading the resolver position via a commexrcial resolver
bridge located in the Functional Tester.

More precisely, the rotary table on the PTF is set to zero.
The SXT is then autocollimated off the 57° azimuth mirror on the
rotary table. This is accomplished by backlighting the SXT reticle,
and projecting the reticle on the 57° PTF mirror. When the inspec-
tor sees that the reticle and the reflected reticle image coincide
+he SXT 3DA is correctly positiioned. The SXT SDA 16X recsolver
position is then determined by balancing the resolver output against
a Decade Resolver Bridge (DRB), observing the null on a Phase Angle
Voltmeter (PAV), and reading the resultant angle on an Angular
Display Unit (ADU). The three pieces of resolver test equipment
are located in the Functional Tester. Figure 4-24 describes the
test setup.

RESOLVER SHIFTS - The SXT SDA resolver is a multispeed (1X and
16X) precision unit manufacturea by Clifton Precision Products of
Clifton Heights, Pa., NASA PN 1312066.

The specifications for this resolver are contained in PS
1012066B. The angular error of the 16X winding is required to be
within 20 seconds of the 11X mechanical shaft. More significantly,
from the point of view of the subject shift problem, the specifica-
tion contains requirements for angular repeatability after the
resolver is subjected to various environmental stresses. These
requirements are summarized in Table 4-13,
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Table 4-13

ANGULAR REPEATABILITY REQUIREMENTS

Environment 16X Repeatability

Vibration, 1i0 cps to 2000 cps, profile
range from .008 g /cps at 10 cps to
.06g2 /cps at 70 cgs through 420 cps,
reducing to .013g</cps at 2000 cps.

Shock 509, 12 shocks, 6 milliseconds.
Low temperature -45.5°C, 48 hours
High temperature +93.3°C, 48 hours
52°C Teniperature, 4 hours

Humidity, 95%, 68°F to 160°F cycles,

arc seconds
arc seconds
arc seconds
arc seconds
arc seconds

o i VN

7 cycles, 168 hours 5 arc seconds
Thermal Vacuum, 10-7mm Hg at -45.5°C no repeatability
and + 93.3%C requirement
Endurance, 464 hours cycling from : no repeatability

+37.8°F to -34.5°F requirement.

At the conclusion of the testing, listed in Table 4-13, the
angular error of the 16X resolver must remain within 20 seconds
of the 1lX resolver shaft.

These qualification tests are presently in process at Kollsman
but no test cycles have been completed to date. The vibration
levels required for qualification are approximately three times
greater than those required for OUA sell-off.

MIT/IL has performed vibration tests, during the week of 14
March 1966, on one of the subiect resolvers using vibration levels
that were twice the levels required for the optical unit. There
was no shift in the resolver electrical angle as a result of this
vibration. Vibration tests at MIT/IL on a completed OUA have pro-
duced shifts.

RESOLVER MOUNTING-The resolver rotor is mounted to the tele-
scope tube assembly by means of the rotor locking nut, PN 20113211
which is torqued to 100 in-lbs and then cemented with Loctite as
per route and tool book 2012736. See Figures 4-25 and 4-26 for
rotor and stator mounting details.
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