DOWNGRADED AQ 3 YRAR INTERVALS:
DECLASSIFIE TER 12 YEARS
DOD RQC.10

s
N2,
NEE
QDS o
20 g
IENE P ﬁ
= N R '
it g
e \ 88 GUIDANCE AND NAVIGATION
S
B
] 0y
2 = 8 Zeibn Lvosi
WA RERS Approved P4
E Q\ X %é) EEE AN 2 <%y UAA\A—J\«I?I‘a(JE; 9 /o-él_—
[T} E 9& § o APOLILO GUIDANCE AND NAVIGATION PROGRAM
g By Qg ;
S :j Yoo e ‘_:“-e;‘.:'
- S $8 £ -uc—ll) o . ) . .
Slewdd e
:‘ é g)D.gJ,; "E ':..': '*:' . R
=] ) / w1
. ° ‘%cgﬁ 5 ;—i% Approved 4 : ,'. '-‘f‘_ s “ Loy Da";‘e :E{E g é‘ g
INSTRUMENTATION LLABORATORY

(Unclassified Title)
REPORT E-1410
MONTHLY TECHNICAL PROGRESS REPORT

PROJECT APOLLO GUIDANCE
AND
NAVIGATION PROGRAM

July 1963

INSTRUMENTATION
LABORATORY

CAMBRIDGE 39, MASSACHUSETTS

. copy # OF _ZU</opiEs
THIS DOCUMENT CONTAINS __£ 2 PAGES

) SRR e ™




ACKNOWLEDGEMENT

This report was prepared under the auspices of DSR Project 55-191,
sponsored by the Manned Spacecraft Center of the National Aeronautics and

Space Administration through Contract NA59-1533

This document c‘ohtains information affecting
the national defense of thef United States within
the meaning of the Espic/}{;age Laws, Title 18,
U.S.C., Sections 793 )And 794, the transmission
or the revelation of which in any manner to an

unauthorized person is prohibited by law.

ii




PREFACE

This Monthly Progress Report consists of Milestone Charts covering
schedules for components and assemblies of the Apollo Guidance Equipment,
together with comments about each chart.
There is also a tabulation of all meetings attended by MIT/IL Apollo
personnel.
This report concludes with a bibliography of the reports published by

the MIT Instrumentation Laboratory under the Apollo program.
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PROGRESS SUMMARIES

Figure I-1 shows the delivery schedule for guidance and navigation systems
to be used in the Command Module, NASA approved, on 1 August 1963, MIT/IL's
proposed change in the composition of Blocks I and II, thereby making AGE 13 the
first system in Block II. However, MIT/IL's flow plan (Figure 1-2) providing for
shipment of G & N systems intended for flight directly to AMR, was not approved
pending further evaluation within MSC.

NASA's decision as contained in Datafax letter, SG (PEE:wb) dated 1 August
1963, from D. Gilbert to M. Trageser was as follows:

"The flow plan which provides for shipment of Guidance and Navi-
gation systems intended for flight directly to AMR cannot be approved
at this time. This flow plan is considered to be desirable from the
point of view that less running time will be on a flight system than if it
were shipped to the spacecraft manufacturer, tested at that point as well
as tested prior to launch at AMR. It will be necessary to secure the
opinions of a number of MSC divisions before this flow plan can be
approved. For present planning purposes it should be considered that
all systems will be shipped to the spacecraft manufacturer for test
and assembly with spacecraft prior to shipment to AMR. ASPO will
undertake to resolve this flow plan with other elements of MSC as soon

as possible.

"The delivery schedule presented for the Command Module shows
a change in Block II delivery from a previous change point at System 9
to a new change point at System 13 coincident with delivery of the first
LEM Guidance and Navigation. This change in Block II starting point
is considered satisfactory with the condition that Command Module
systems must not be delayed because of the LEM System Design
Release.

"The flight plans for AFRM 009 call for this to be an unmanned

ballistic flight and a guidance and navigation system will not be



provided as part of the on-board systems. G & N System No. 5,
previously allocated to AFRM 008, will now be allocated to North
American's House Spacecraft No. 1. Since the basic electrical
and mechanical integration of the G & N with the spacecraft will
be performed on House Spacecraft No. 1 instead of ARFM 009, it
is imperative that this system be delivered on time as indicated
in the G & N recovery plan. No relaxation will be permitted in

the delivery requirements for G & N System 5. "

MIT/IL submitted a proposed Apollo Guidance Equipment Flow Pfan to
NASA in letter AG-382-63, dated 23 May 1963, as reflected in Fig. 1-2. This
proposal has not yet been approved nor has any alternate been adopted. After a
flow plan has been approved, Fig. I-2 will be modified to indicate the respective
airframes to which the various AGE's will be assigned.

Figure I-3 shows a proposed LEM flight test schedule (flow plan) giving the
allocation of LEM Guidance and Navigation Systems (LGE) to LEM vehicles. This
proposal was presented to NASA by MIT/IL in May 1963, and is documented in
MIT/IL letter AG-382-63 dated 23 May 1963.

A meeting was held in July to determine status of AGE-4 hardware (Fig. I-4).
(Reference Apollo Project Memo #659, dated 24 July 1963, by P. J. Sarmanian).
The following paragraphs have been abstracted from the above named memo, and
supplement the AGE~-4 schedule information contained in last month's report.

"Delivery of PSA-4, and therefore the start of Inertial Sub-
systems testing has slipped about one month, from 15 August to
15 September. It is expected that on 15 September those trays of
electronics necessary to start Subsystems tests will be available,
Hopefully, the remaining trays will be delivered in time to prevent
delaying the completion of Subsystem tests.

"AGE-4 Systems tests, as a result of the one month slip indicated
above, should start on 15 October, rather than 15 September (see
enclosure I of APM #603). ACSP has indicated that delivery of the
preproduction GSE will slip from 15 August to 10 September.

"The interim AGE-4 J-Box and harness have slipped from 26 July
to 7 September, leaving about five weeks of marriage and checkout
time. J. Flanders' test PSA J-Box will follow two weeks later.

D. Test will have one cold plate built for PSA-4 rather than depend
upon NAA's delivery.




NASA confirmed on 1 August 1963 a change in flight plans for Airframe
009, into which AGE 5 was to be installed (Fig. I-5).

As noted in last month's report, alignment and calibration work on the AGE-5
Inertial Subsystem is scheduled for the period from 15 September to 15 November
1963. On 15 September, IMU-5, the breadboard PSA, the consignment breadboard
GSE, and the interim AGE-5 CDU's should be available; after a short period of
marriage and functional checkout, actual alignment procedures can be started. As
with the AGE 4 Inertial Subsystem, this time schedule is considered tight, and a
two-shift operation will be employed so that the subsystem will be available to start
systems testing on 15 November.

The blue module PSA -5 is scheduled for comnletion on 15 Qctcher:

D 4 2 R

2

-5
delivery slippage of two to three weeks, and subsystem down time in changing
over, may be prohibitive. Consequently, initial use of PSA-5 may occur in the

of the breadboard PSA at that time is possible. However, an anticipated P

systems lab.

System assembly and test of AGE-5 is scheduled to begin 15 November 1963.
The following hardware or suitable substitutes must be available and ready on that date.
a) IMU-5
b) PSA-5 (blue module)
¢) Preproduction GSE
d) CDU-5
e) Cooler
*f) AGE-~5 harness and J-Box
(married and checked out)
*g) D&C-5
*h) N, B.-5
*{) AGE-5 Optics Subsystem
*j) AGC-5
*k) AGE fixture (including cold plates)
The asterisked equipment is required in the systems lab on 15 October for marriage

and functional checkout prior to systems tests.

Figure I-6 showing the Apollo Milestone Chart for AGE-9 will be deleted from
future Technical Progress Reports. In accordance with the directive in Datafax
letter SG (PEE:wb) dated 1 August 1963 from D. Gilbert to M. Trageser, all work
on AGE-9 has ceased and efforts are now toward delivery of AGE-13 as the first
Block II AGE system in its stead.

A schedule for Guidance Theory and Programming is shown in Figure I-7.
It is planned to replace this chart with a schedule derived from the existing PERT
chart covering this effort.

Figure I-8 gives the delivery schedule for all guidance computers. AGC-4,
an MIT/IL breadboard unit, is functioning and will be available for use with AGE-4




when required. The present outlook for AGC-5 is that it will be scveral weeks late.
It is planned that AGC 4B, the Raytheon Learner Model, will be used in its place
during system assembly and test of AGE 5. However, the latest PERT forecast is
that AGC 4B will be delivered on 24 February 1964, approximately twelve weeks
later than its scheduled date of 1 December 1963. AGC 6, scheduled for delivery
to AC Spark Plug on 15 January 1964, is expected to be delivered on 8 April 1964,

approximately twelve weeks behind schedule.

Figure I-9 shows the delivery schedule for all IMU's. Thermal testing is
continuing on IMU 1. IMU 2 will be rebuilt with new stub shafts and vibration tests
will be rerun. IMU 4 is undergoing functional checkout and alignment tests as part
of the AGE 4 inertial subsystem marriage and checkout.

IMU 5 intergimbal subassemblies are being wired and resolvers aré being
checked. All other parts for IMU 5 are available except the PIP's and case, which
should be available in the near future. IMU assembly drawings are approximately
75% released.

Figure I-10 gives the PSA delivery schedule. PSA 1 (Thermal) was delivered
by ACSP to MIT/IL on 7 June 1963. PSA 2, under construction by MIT/IL, is
approximately four weeks behind schedule. The vibration model PSA (VM) was
delivered to MIT/IL by ACSP on 5 July 1963,

Delivery of PSA 4, and therefore the start of AGE 4 Inertial Subsystem test-
ing, has slipped about one month, from 15 August to 15 September. It is expected
that on 15 September those trays of electronics necessary to start subsystem tests
will be available. PSA 4A (rack mounted) is complete except for the temperature
control electronics modules which should be available by 15 September.

PSA 5 (Class B), scheduled for completion by 15 October, is approximately
four weeks behind schedule. PSA 5A, scheduled for completion by 1 August, is
about two weeks behind schedule.

Note: PSA Junction Boxes for early tests of PSA 4 and 5 will be "test",
not "flight", configuration. Fabrication of these test junction
boxes is on schedule to support these early tests. Flight configuration
will be available for scheduled shipment of PSA 4 and 5 from MIT/IL.

e
Figure I-11 shows the delivery schedule for CDU subsystems. In May 1963,
MIT/IL issued T.D. A-147 to AC Spark Plug calling for delivery of 15 CDU's to the
schedule shown below. AC Spark Plug's current estimated delivery dates are as
follows:




Scheduled
Delivery ~ ACSP Expected
Quantity Date Delivery Date Dcoumentation Use
2 8/1/63 8/20/63 Less than Class A  Optics
3 9/15/63 10/19/63 Less than Class A Inertial
3 10/15/63 11/30/63 Less than Class A [Inertial
2 10/15/63 11/30/63 Less than Class A Optics
2 11/1/63 11/16/83 Less than Class A  Optics
2 11/1/63 11/18/83 Legs than Clasg A Optics
1 11/1/63 12/14/63 Class A Vibration

Figure I-12 shows the delivery schedule for all Navigation Bases. The
Navigation Base for AGE 2, scheduled for delivery to MIT/IL by ACSP on 30 June
1963, is now expected on 1 September 1963. The delay is due to a problem of brazing
the individual beryllium members which form the navigation base. (To alleviate the
problem, consideration is being given to using a solid navigation base for AGE 6 and
subsequent systems).

The Navigation Base for AGE 4 was delivered to MIT/IL on 12 July 1963,
The Navigation Base for AGE 5, scheduled for delivery on 1 October 1963, is ex-
pected on 18 September 1963.

Figure 1-13 shows the delivery schedule for all D & C subsystems. The
breadboard D & C panels (G & N Indicator Panel, IMU Panel, and D & C Optical
Shroud) under construction by AC Spark Plug and scheduled for delivery on 1 July
1963, are expected to be delayed until 21 September due to a delay in honeycomb
panel delivery. D & C 1 and D & C 2, scheduled for delivery on 1 August 1963, are
expected on 16 September 1963. D & C 4, scheduled for delivery on 1 September 1963,
is expected on 1 October 1963. D & C 5A, scheduled for delivery on 1 August 1963,
is expected on 9 August 1963.

D & C 5: The G & N Indicator Panel, scheduled for delivery on 1 November
1963, is expected on 15 January 1964 due to a revised estimate of Class A SCD draw-
ing releases and firm definition of long lead parts. The IMU Panel, scheduled for
delivery on 1 November 1963, is expected on 24 December 1963 due to late release of

Class A drawings and procurement of long lead items.

Figure 1-14 shows the Optical Subsystem Schedule. In July, MIT/IL issued
TD K-82 authorizing the mechanical assembly of optical subsystems 1, 2, and 3.

This assembly shall be accomplished at KIC as an in-house manufacturing effort,



rather than the originally contemplated resident effort at MIT/IL. It is understood
that Kollsman will deliver optical subsystems 1, 2, and 3 on either of the following

schedules:
A B
Optics 1 10/15/63 9/15/63
Optics 2 11/15/63 10/15/63
Optics 3 12/15/63 10/30/63

Alternate A is based on the assumption that Optics 4 and 5 are to be delivered
in accordance with the schedule indicated in 11 March 1963 NASA Statement of Work
for KIC, Alternate B is based on the assumption that Optics 4 and 5 are to be delivered
by 15 November 1963 and 15 December 1963, respectively. MIT/IL has recommended
that NASA approve the alternate B delivery schedule.

The optical subsystem for AGE 5A was delivered to MIT/IL on 26 July 1963,
Figure I-15 shows the delivery schedule for all Map and Data Viewers.

MDV 1 and 2 are considered by KIC to be approximately six weeks behind
schedule. MDYV 4 is reported by KIC to be about four weeks behind schedule, and
MDYV 5 is considered to be on schedule.

Figure 1-16, covering Midcourse Guidance Studies is included only to avoid
discontinuity in reporting. In future reports this figure will be replaced by a schedule

of guidance studies that will be derived from the PERT printout of this program.

Figure I-17 shows the delivery schedule for Raytheon's ground sﬁpport equip-
ment.

Computer Test Sets. The first breadboard computer test set, originally
scheduled for delivery in May, is expected to be delivered to MIT/IL on 23 August
1963. Final modifications to Breadboard Test Sets #1 and #2 have caused the delay
in delivery. Estimated delivery dates for subsequent test sets are as shown in
Figure I-17,

Computer Simulators. Computer simulator #3, originally scheduled for de-
livery in June, is expected to be delivered to MIT/IL on 16 August 1963. Design
changes to Computer Simulator #2, reflecting additional procurement, have caused
the delay in delivery. In June, MIT/IL issued T.D. R-5L authorizing Raytheon to
fabricate one additional computer simulator to Block I CM configuration. This sim-
ulator is to be delivered to AC Spark Plug by 1 March 1964,

Computer Calibration Equipment. NASA authorizedthe following delivery
schedule for Computer Calibration Units in order to satisfy MIT/IL's request for a
second calibration unit at MIT to conduct crystal oscillator aging tests (reference
NASA TWX SGP 6-361 to MIT/IL dated 20 June 1963):




Unit Destination Delivery Date
2 MIT 8/23/63
3 ACsp 8/30/63
4 NAA 9/30/63
5 MIT 10/30/63 then to
AMR 6/1/64
6 MSC 11/30/63

Raytheon reports that Calibration Unit #2 is expected to be delivered to MIT/IL
on 27 September 1963.

Figure 1-18 shows the delivery schedule for AC Spark Plug ground support

equipment.

Test Stations. ACSP hasindicated that delivery of the preproduction GSE,
scheduled for delivery to MIT/IL on 15 August, will slip to early October. This
late delivery could delay the start of system testing on AGE 4. The next preproduction
GSE, allocated to ACSP and scheduled for completion on 1 October 1963, is expected
to slip to late November, The first production GSE test station, scheduled for delivery
to NAA on 1 December 1963, is expected to slip to March 1964,

Rotary Tables: TD A-122 dated 21 February 1963 and amended by MIT/IL
letter AG-280-63 (29 April 1963), authorizes AC Spark Plug to procure 10 Ultra-Pre-
cision Rotary Tables in accordance with procurement specification PS 1002065 dated
6 February 1963. In accordance with this TD, Rotary Table Numbers 6, 9, and 11
shall be delivered directly from the vendor to the allocations identified below, and
AC Spark Plug is to arrange source inspection and acceptance on these units at the

vendor's facility.

Serial No. Allocation Delivery Date
6 MIT System 9-1-63
Lab/NAA
9 MIT System 9-1-63
Lab ‘
11 MIT System 3-15-64
Lab/AMR

Rotary Table Numbers B, 1, 2, 4, 7, 8, 10 are to be delivered to ACSP, Milwaukee.

The Inertial Component Temperature Controller (ICTC) consists of two units:
a Portable Temperature Controller (PTC) and a Battery Pack and Alarm System,
each enclosed in a combination case. The PTC has been designed and will be pro-
cured by MIT/IL and furnished GFP to AC Spark Plug. AC Spark Plug will fabricate
only the battery and alarm pack. The ICTC delivery schedule is shown in accordance
with AC Spark Plug's statement of work dated 28 January 1963, and MIT/IL TD A-135.




Portable Temperature Controllers: Under the provisions of AC Spark Plug's
statement of work (28 January 1963) and TD A-135, ACSP is obliged to deliver a
complete Inertial Component Temperature Controller containing the GFP Portable
Temperature Control Unit. To accomplish this AC Spark Plug has requested the

delivery schedule shown below. (Reference ACSP letter AP-M-992 dated 31 July

1963).
ICTC Delivery

Unit _Date_ Allocation PTC Required (GFP)

B 10/1/63 - MIT 9/15/63

1 12/1/63 - ACSP 6 wks prior to delivery
2 1/1/64 ACSP 6 wks prior to delivery
3 2/1/64 ACSP 6 wks prior to delivery
4 3/1/64 NAA 6 wks prior to delivery
5 4/1/64 MsSC 6 wks prior to delivery
6 4/1/64 NAA 6 wks prior to delivery
7 5/1/64 NAA 6 wks prior to delivery
8 6/1/64 AMR 6 wks prior to delivery
9 7/1/64 AMR 6 wks prior to delivery

The IMU Shipping Container is to be used to control the temperature of the
IMU and to protect it from excessive shock and vibration environments during ship-

ment. The delivery schedule shown is in accordance with AC Spark Plug's Statement
of Work dated 28 January 1963.

The IMU Transportation Carts will be used for transportation of the G & N

units in the manufacturing, engineering, and test preparation areas.

Figure I-19 shows the Kollsman GSE delivery schedule as contained in Kollsman's
statement of work dated 11 April 1963, with appropriate modifications as listed in the
recovery plan authorized by NASA TWX SGC 4-233 dated 11 April 1963, It is planned
to present this schedule in a different format as soon as the revisions are checked

out and approved.

In June 1963, MIT /IL issued TD K-75 authorizing Kollsman to design and pre-
pare for manufacture optical GSE items listed below:

Item Delivery Date
1. Precision Test Fixture 10/1/63
2. Functional Tester 10/1/63
3. 5 inch collimator 10/1/63
4. Mirror alignment fixture 10/1/63
5. 2-1/2 inch collimator 10/1/63
6. Short retroreflecting periscope 10/1/63

and alignment equipment.




In July, MIT/IL issued TD K-85 directing Kollsman to purchase and fabricate
parts for two Precision Test Fixtures per NASA Drawing 1016910 and subassembly
drawings thereof,

Figure I-20 shows a PIP delivery schedule. During July, the following PIP's
were acceptance-tested at Sperry: Serial numbers 1 AP-22, 1 AP-23, 1 AP-24,
1 AP-25, 1 AP-26,

On 23 July 1963, the following PIP's were delivered to AC Spark Plug for
use in their Learner Model IMU:

APOLLO 16 PIP

1 AP-9
1 AP-14

For the third pendulum required in the IMU, MIT/IL has designated that Sperry

pendulum (APOLLO 16 PIP) Serial # AP-4, which was at ACSP for Pendulum console
checkout, be used.

Figure I-21 shows an IRIG delivery schedule. As noted in last month's report,
the last of ten ACSP IRIG's were received at MIT/IL in May.

On 23 July 1963, the following IRIG's were delivered to AC Spark Plug for
their Learner Model IMU:

APOLLO 25 IRIG
1A-4
1A-5
1A-7

Three IRIG's for AGE 5 (Serial numbers MIT 69, 1A-8, 1A-10) have left the
IMU Test Lab, W7-153) to be installed on the AGE 5 inertial platform.

During the interval between 1 July and 31 July, MIT/IL Apollo Project per-

sonnel attended meetings as shown on Table L.
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Table I
Meetings Attended by MIT/IL Apollo Personnel
Period 1 July through 31 July 1963

Date Location Subject

7/1, 2 S&ID GSE Coldplate Meeting

7/2, 3 MIT S&ID/MIT Mig. #60B, PACE

7/2, 3 GAEC GAEC/MIT Mtg. #1.10B, Dynamics

7/8-20 MSC LEM/CM Interface & Project Plans

7/8 MIT Spacecraft Integration Mtg.

7/9, 10 KIC Mo. KIC Mtg.

7/15, 16 GAEC LEM/G&N Coord. Mtg. #1A

7/15, 16 GAEC G&N Discussion

7/186 MSC GOSS Panel

7/16 GAEC Thermal Meeting _

7/16 S&ID NASA-Saturn/Apollo Guidance Implementa-
tion

7/17, 18 MSC Check-out Panel

/17 S&ID S&ID/MIT Mtg. #61B, Thermal Interface

7/18, 19 ’ MSC Sys. Mtg. #6 - Entry Guidance

7/18, 19 S&ID NASA Tech. Coord. Mtg. #10A

7/19 MsSC Measurement Panel

7/22 MIT Apollo Computer

7/23, 24 MIT S&ID/MIT Mtg. #62B, Exchange of GSE
Technical Information

7/25 MIT Status Review Mtg./ACSP

7/25, 26 MIT S&ID/MIT Mtg. #63B, Integrated System
Test Working Mtg.

7/30 NASA Hdq., LEM Working Group

Washington

7/30, 31 MIT In-flight Test, GAEC/MIT #L11B

7/31 MSC LEM Stability & Control Mtg. #5

7/31-8/1 MIT Simulation Mtg. #4

7/31-8/1 AMR PACE Mtg.
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BIBLIOGRAPHY
TECHNICAL PROGRESS REPORTS

No. Type Period Ended
E-1067 Monthly August 11 through September 13, 1961 (C)
E-1068 Monthly September 13 through October 4, 1961 (C)
E-1099 Monthly ‘October 4 through November 9, 1961 (C)
E-1116 Quarterly Period ended December 11, 1961 (C)
E-1117 Monthly December 11, 1961 through January 16, 1962 (C)
E-1139 Monthly January 16 through February 1962 (C)
E-1140 Quarterly Period ended March 11, 1962 (C)
E-1157 Monthly March 11 through April 11, 1962 (C)
E-1177 Monthly April 11 through May 1, 1962 (C)
E-1199 Quarterly Period ended June 11, 1962 (C)
E-1236 Monthly June 11 through July 17, 1962 (C)
E-1237 Monthly July 17 through August 21, 1962 (C)
E-1238 Quarterly Period ended September 11, 1962 (C)
E-1302 Monthly September 11 through October 11, 1962 (C)
E-1303 Monthly October 11 through November 13, 1962 (C)
E-1304 Quarterly Period ended December 11, 1962 (C)
E-1305 Monthly December 11, 1962 through January 11, 1963 (C)
E-1306 Monthly January 11 through February 11, 1963 (C)
E-1307 Quarterly Period ended March 1963 (C)
E-1308 Monthly April 1963 (C)
E-1378 Monthly May 1963 (C)
E-1389 Quarterly Period ended June 1963 (C)
E-1410 Monthly July 1963 (C)
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E-1054

E-1074

E-1077

E-1078
E-1087

E-1091

E-1092

E-1097

E-1100

E-1101

E-1103

E-1104

E-1106

E-1113

BIBLIOGRAPHY (Cont'd)
ENGINEERING REPORTS

J. Rocchio, Analysis of the PNP and NPN Latch Circuit, Septem-
ber 1961 (U)

D. Shansky, Erasable Ferrite Memory, MOD 3C Computer, October
1961 (U)

R. L. Alonso, J. H. Laning, Jr., and H. Blair-Smith, Preliminary
MOD 3C Computer Program, November 1861 (U)

Development Plan, November 27, 1961 (to be revised) (C)

Documentation Handbook, Levy, May 1963 (U)

E. J. Hall, Assembly Procedures and Specifications for Apollo 25
IRIG, June 1962 (C)

J. H. Flanders, IMU Preliminary Operational Duty Cycle, December
1961 (C)

Work Statement for Industrial Support, January 1962 (C),
Addendum, February 1962 (C)

M. Sappupo, Work Statement for PIP MOD D, December 15, 1961 (C)

E. J. Hall, Work Statement for Apollo 25 IRIG, December 15, 1961
(C)

E. J. Hall, Assembly Procedures and Specifications for 25 IRIG
MARK 45 MOD 2, December 15, 1961 (C)

M. Sappupo, Preliminary Assembly and Test Manual 16 PIP MOD D,
January 1962 (C)

P. G. Felleman, Analysis of Guidance Techniques for Achieving
Orbital Rendezvous, January 1962 (U)

System Identification Data List, (SIDL), issued August 20, 1962

(to be revised and supplemented monthly)
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E-1114

E-1118

E-1124

E-1125

E-1126

E-1130

E-1131

E-1134

E-1142

F-1144

E-1158.

E-1161

E-1164

E-1167

BIBLIOGRAPHY (Cont'd)
ENGINEERING REPORTS (Cont'd)

J. E. Levy, Glossary of Terms and Symbols, April 1962 (C)
(Revised July 1962) (C)

R. A. Scholten and P. J. Philllou, Investigations of Midcourse
Maneuver Fuel Requirements, March 1962 (C)

J. S. Miller and J. J. Deyst, Preliminary Study of Aborts from
Circumlunar Trajectories, March 1962 (U)

R. L. Alonso, Preliminary Resolver Angle Measurements,
February 1962 (U)

A. L. Hopkins, Jr., AGC MOD 3C Computer Circuits General,
February 1962 (U)

J. E. Levy, Maintenance Plan, March 1962 (U)

J. S. Miller and R. H. Battin, Preliminary Summary of Data for

a Variety of Circumlunar Trajectories, February 1962 (U)

A, C. Hardy, Photometric Units in the MKS System, March 1962
(U)

J. E. Levy, Weight and Balance Report, 15 March 1962, révised
July 1962, (to be revised monthly) (C)

J. E. Levy, Apollo Guidance and Navigation Interfaces,(to be
published) (C)

D. Shansky, Erasable Store MOD 3C, July 1962 (U)

I, Halzel, Technical Directive Procedures for Apollo G & N
System Participating Contractors, May 1962 (U)

F. D. Grant, The Relationship between IMU Drift Misalignments
and Target Errors, May 1962 (C)

Drawing Standards, 15 June 1962 (U)
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b2

E-1172

E-1173

E-1179

E-1186

E-1195

E-1196

E-1203

E-1212

E-1215

E-1230

E-1233

E-1256

E-1257

E-1260

BIBLIOGRAPHY (Cont'd)
ENGINEERING REPORTS (Cont'd)

A. C. Hardy, The Vigibility of Stars, June 1962 (U)

R. M. Jansson, The Heat Transfer Properties of Structural

Elements for Space Environment, June 1962 (U)

R. G. Scott, Rope Core Tester, July 1962 (C)

Technical Data Release Procedures, August 1962, (revised
December 12, 1962) (U)

N. E. Sears, Earth Orbital Rendezvous, May 1962 (C)

M. W. Johnston, Analysis of Two Lunar Landing Techniques

Providing Direct Landing Site Visibility Prior to Touchdown,
July 1962 (U)

G. A. Davidson and H. H, Seward, Calibration Techniques for

Precision Rotary Components, August 1962 (U)

¥, D. Grant, Error Data Summaries for Various Trajectories,
(Preliminary), September 1962 (C)

T. C. Taylor, Thermal Models for High Density Computer Circuit
Structures, September 1962 (U)

J. E. Miller and J. H. Flanders, Comprehensive Alignment Tests
for IMU, (to be published) (C)

T. C. Taylor, Technique of Circuit Fabrication with State-of-the-
Art Weldable Multilayer Boards, October 1962 (U)
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