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PREFACE 

This Monthly P r o g r e s s  Report consis ts  of Milestone Charts  covering 

schedules for  components and assemblies  of the Apollo Guidance Equipment; 

together with comments about each chart .  

The re  is a lso  a tabulation of all meetings attended by MIT/IL Apollo 

personnel. 

This  repor t  concludes with a bibliography of the r e p o r t s  published by 

the MIT Instrumentation Laboratory under the Apollo program. 
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PROGRESS SUMMARIES 

. 

Figure 1-1 shows the delivery schedule fo r  guidance and navigation sys t ems  
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 11, thereby making AGE 13 the 
f i r s t  sys t em in  Block 11. However, MIT/IL's  flow plan (Figure 1-2)  providing for  
shipment of G & N sys tems intended fo r  flight direct ly  to  AMR, was not approved 
pending fur ther  evaluation within MSC. 

NASA's decision a s  contained in  Datafax le t te r ,  SG (PEE:wb) dated 1 August 
1963, f rom D. Gilbert t o  M. Tragese r  was a s  follows: 

"The flow plan which provides for  shipment of Guidance and Navi- 
gation sys tems intended fo r  flight direct ly  t o  AMR cannot be approved 
at th i s  t ime.  Th i s  flow plan is considered t o  be desirable  f rom the 
point of view that less running t ime will be on a flight sys tem than i f  it 
were  shipped t o  the spacecraft manufacturer ,  tes ted at  that point as well 
as tes ted p r io r  t o  launch at AMR. 
opinions of a number of MSC divisions before this flow plan can be 
approved. 
all sys t ems  will be shipped to the spacecraf t  manufacturer  fo r  tes t  
and assembly with spacecraft p r i o r  t o  shipment to  AMR. 
undertake t o  resolve th i s  flow plan with o ther  e lements  of MSC as soon 
as possible. 

It will be necessary  t o  secure  the  

For present planning purposes  it should be considered that  

A S P 0  will 

"The delivery schedule presented for the Command Module shows 
a change in Block I1 delivery f rom a previous change point at System 9 
t o  a new change point at System 13 coincident with delivery of the first 
L E M  Guidance and Navigation. 
is considered sat isfactory with the condition that Command Module 

sys t ems  must not be delayed because of the LEM System Design 
Release.  

Th i s  change in  Block 11 star t ing point 

"The flight plans fo r  AFRM 009 cal l  for  th i s  t o  be an unmanned 
bal l is t ic  flight and a guidance and navigation sys tem will not be 
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provided a s  par t  of the on-board sys tems.  

previously allocated to AFRM 009, w i l l  now be allocated to  North 
American 's  House Spacecraft  N o .  1. Since the bas ic  e lec t r ica l  
and mechanical integration of the G & N with the spacecraf t  will 
be performed on House Spacecraft  No. 1 instead of ARFM 009, it 

i s  imperative that this  sys tem be delivered on t ime a s  indicated 
in the G & N recovery plan. 
the delivery requirements  fo r  G & N System 5. ' I  

G & N System No. 5, 

No relaxation will be permit ted in 

M[T/IL submitted a proposed Apollo Guidance Equipment Flow Pian to  
NASA in le t te r  AG-382-63, dated 23 Msy 1963, a s  reflected in Fig. 1-2. This  
proposal has  not yet been approved nor has  any al ternate  been adopted. 

flow plan has been approved, Fig. 1-2 will be modified to  indicate the respect ive 
a i r f rhmes  to  which the various AGE'S will be assigned. 

A f t e r  a 

Figure 1-3 shows a proposed LEM flight t e s t  schedule (flow plan) giving the 
This  allocation of LEM Guidance and Navigation Systems (LGE) to  LEM vehicles. 

proposal w a s  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 t o  determine s ta tus  of AGE-4 hardware (Fig. 1-41. 
(Reference Apollo Project  Memo #659, dated 24  July 1963, by P. J. Sarmanian). 
The following paragraphs have been abstracted f rom 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 Iner t ia l  Sub- 
sys t ems  testing has slipped about one month, f rom 15 August t o  
15 September. It is expected that on 15 September those t r a y s  of 

e lectronics  necessary  to  s t a r t  Subsystems tests will be available. 
Hopefully, the remaining t r ays  will be delivered i n  t ime  to  prevent 
delaying the completion of Subsystem t e s t s .  

"AGE-4 Systems tests, as a resul t  of the one month s l ip  indicated 
above, should s t a r t  on 15  October, r a the r  than 15  September (see 
enclosure I of APM #603). ACSP has indicated that del ivery of the 
preproduction GSE will s l ip  f rom 15 August t o  10 September.  

"The interim AGE-4 J-Box and harness  have slipped f rom 2 6  July 

J. Flanders '  t es t  PSA J-Box will follow two weeks later. 
t o  7 September, leaving about five weeks of mar r i age  and checkout 
time. 
D. Tes t  will have one cold plate built f o r  PSA-4 r a the r  than depend 

upon NAA 's  delivery. 
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NASA confirmed on 1 August 1963 a change in flight plans for  Ai r f rame 

009, into which A G E  5 was to  be installed (Fig.  1-5). 

A s  noted in  last month's report, alignment and calibration work on the AGE-5 
Iner t ia l  Subsystem is scheduled f o r  the period f rom 15 September to  15 November 
1963. On 15 September,  IMU-5, the breadboard PSA, the consignment breadboard 
GSE, and the in te r im AGE-5 CDU's should be available; a f t e r  a shor t  period of 
marr iage  and functional checkout, actual alignment procedures  can be s tar ted.  
with the AGE 4 Iner t ia l  Subsystem, this t ime  schedule is considered tight, and a 
twoshi f t  operation will be employed so that the subsystem will be available to  s t a r t  
sys tems tes t ing on 15 November. 

A s  

The blue module PSA-5 is s c h e d i i l ~ d  fnr completinr? nr? 15 Gctsber; rep?azcmer;t 
of the breadboard PSA at  that t ime is possible. 
delivery slippage of two to  th ree  weeks, and subsystem down t ime in changing 
over ,  may be prohibitive. 

sys tems lab. 

However, an  anticipated PSA-5 

Consequently, initial use  of PSA-5 may occur  in  the 

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) 
c )  Preproduction GSE 
d) CDU-5 
e) Cooler 

* f )  AGE-5 harness  and J-Box 
(marr ied  and checked out) 

*g) D&C-5 
*h) N. B. -5 
* i) AGE-5 Optics Subsystem 
"j)  AGC-5 
:kk) AGE fixture (including cold plates) 

The  as te r i sked  equipment is required in the sys t ems  lab  on 15 October fo r  mar r i age  
and functional checkout p r io r  t o  systems tes t s .  

Figure 1-6 showing the Apollo Milestone Chart  for  AGE-9 will be deleted from 
future  Technical P r o g r e s s  Reports. In accordance with the directive in Datafax 

l e t t e r  SG (PEE:wb) dated 1 August 1963 f rom D. Gilbert t o  M. Tragese r ,  all work 
on AGE-9 has  ceased and effor ts  a r e  now toward delivery of AGE-13 as the first 
Block I1 AGE sys t em in its stead. 

A schedule fo r  Guidance Theory and Programming is shown i n  Figure 1-7. 
It is planned t o  replace th i s  char t  with a schedule derived f rom the existing PERT 
char t  covering th i s  effort. 

Figure 1-8 gives the del ivery schedule for  all guidance computers.  AGC-4, 

a n  MIT/IL breadboard unit, is functioning and will be available fo r  u se  with AGE-4 
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when required. 
It is planned that AGC 4l3, the Raytheon Lea rne r  Model, will be used in its place 
during system assembly and tes t  of AGE 5. 

that AGC 4R will be delivered on 2 4  February  1964,  approximately twelve weeks 

l a t e r  than i t s  scheduled date of 1 December 1963. AGC 6, scheduled for  del ivery 
to  AC Spark Plug on 15 January 1964, is expected to  be delivered on 8 Apri l  1964, 
approximately twelve weeks behind schedule. 

Tlie present outlook for  AGC-5 is that it w i l l  be acveral  weeks late. 

However, the la tes t  PERT forecast  is 

Figure 1-9  shows the delivery schedule for  a l l  IMU's. The rma l  testing is 

continuing on IMU 1. IMU 2 will be rebuilt with new stub shaf ts  and vibration t e s t s  

will be rerun.  IMU 4 is undergoing functional checkout and alignment t e s t s  a s  par t  
of the AGE 4 iner t ia l  subsystem marr iage  and checkout. 

IMU 5 intergimbal subassemblies  a r e  being wired and reso lvers  a r b  being 
checked. 
should be available in  the nea r  future. 

75% released.  

A l l  other pa r t s  for  IMU 5 a r e  available except the PIP 'S  and case ,  which 
IMU assembly drawings a r e  approximately 

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

PSA 2,  under construction by MIT/IL, is 

Delivery of PSA 4, and therefore  the s t a r t  of AGE 4 Iner t ia l  Subsystem tes t -  
ing, has slipped about one month, f r o m  15 August t o  15 September.  It is expected 
that on 15 September those t r a y s  of e lectronics  necessary  t o  s t a r t  subsystem tests 
will be available. PSA 4A ( rack  mounted) is complete except fo r  the tempera ture  
control electronics modules which should be available by 15 September.  

PSA 5 (Class B) ,  scheduled fo r  completion by 15 October,  is approximately 
four weeks behind schedule. 
about two weeks behind schedule. 

Note: 

PSA 5A, scheduled for  completion by 1 August, is 

PSA Junction Boxes f o r  ea r ly  tests of PSA 4 and 5 will be "test", 
not "flight", configuration. 
boxes is on schedule t o  support  these ear ly  t e s t s .  
will be available fo r  scheduled shipment of PSA 4 and 5 f rom MIT/IL. 

Figure 1-11 shows the del ivery schedule fo r  CDU subsystems.  In  May 1963, 
MIT/IL issued T. D. A-147 t o  AC Spark Plug calling for del ivery of 15 CDU's to  the 
schedule shown below. AC Spark P lug ' s  cur ren t  es t imated delivery dates  are as 
follows: 

Fabricat ion of these  test junction 
Flight configuration 
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c 

Quantity 
2 

3 
3 
2 
2 
2 

1 

Scheduled 
Delivery 

Date - 
8/1 /63  
9/15/63 
10/ 151 63 
1011 5/63 
11/1/63 
1 1  /l-/fY! 

11/1/63 

ACSP Expected 
Delivery Date 
8/20/63 

10/19/63 
11/30/63 
11/30/63 

11/16/63 
111 16/63  

1 2 1  14/63 

Dcoument at ion 
L e s s  than Class  A 
L e s s  than Class  A 
L e s s  than Class  A 
L e s s  than Class  A 
L e s s  than Class  A 
Less. thZE ChSS *A. 

Class  A 

Use - 
op t i c s  
Iner t ia l  
Iner t ia l  
op t i c s  
op t i c s  
@ti 2 8 

Vibration 

Figure 1-12 shows the delivery schedule f o r  all Navigation Bases.  The  
Navigation Base for  AGE 2 ,  scheduled fo r  del ivery to MIT/IL by ACSP on 30 June 
1963, is now expected on 1 September 1963. 
the individual beryll ium members  which fo rm the navigation base. (To alleviate the 
problem, consideration is being given to  using a solid navigation base for AGE 6 and 
subsequent systems) .  

The delay is due to  a problem of brazing 

The  Navigation Base  for  AGE 4 was delivered to  MIT/IL on 1 2  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 f o r  a l l  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, a r e  expected to  be delayed until 21  September due to  a delay in  honeycomb 
panel delivery. 
expected on 16 September 1963. 
is expected on 1 October 1963. 
is expected on 9 August 1963. 

D & C 1 and D & C 2, scheduled for delivery on 1 August 1963, are 
D & C 4, scheduled for delivery on 1 September 1963, 

D & C 5A,  scheduled for delivery on 1 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 est imate  of Class  A SCD draw- 
ing r e l eases  and f i rm definition of long lead par t s .  

delivery on 1 November 1963, is expected on 24 December 1963 due to  la te  release of 
Class  A drawings and procurement of long lead i tems.  

The IMU Panel,  scheduled for  

Figure 1-14 shows the Optical Subsystem Schedule. In July, MIT/IL issued 
T D  K-82 authorizing the mechanical assembly of optical subsystems 1, 2 ,  and 3. 
This  assembly shal l  be accomplished at  KIC a s  a n  in-house manufacturing effort, 
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r a the r  than the originally contemplated resident effort at  MIT/IL. It is understood 

that Kollsman will deliver optical subsystems 1, 2 ,  and 3 on ei ther  of the following 
schedules : 

A B - 
Optics 1 1 0/15 / 6 3 
opt ics  2 11 / 15/ 63 10/15/63 
Optics 3 121  15/63 10/30/63 

9 / 15 / 6 3 

Alternate A is based on the assumption that Optics 4 and 5 a r e  t o  be delivered 
in accordance with the schedule indicated in  11 March 1963 NASA Statement of W o r k  

for  KIC. 
by 15 November 1963 and 15 December 1963, respectively. 
that NASA approve the alternate B delivery schedule. 

Alternate B is based on the assumption that Optics 4 and 5 are t o  be delivered 
MIT/IL has recommended 

The optical subsystem for  AGE 5A was delivered t o  MIT/IL on 26 July 1963. 

F igure  1-15 shows the delivery schedule fo r  all Map and Data Viewers. 

MDV 1 and 2 a r e  considered by KIC t o  be approximately s ix  weeks behind 
schedule. 
MDV 5 is considered to  be on schedule, 

MDV 4 is reported by KIC t o  be about four weeks behind schedule, and 

Figure 1-16, covering Midcourse Guidance Studies is included only t o  avoid 
discontinuity in reporting. 
of guidance studies that will be derived f rom the PERT printout of this program. 

In future r epor t s  this  figure will be replaced by a schedule 

Figure 1-17 shows the delivery schedule fo r  Raytheon's ground support equip- 
ment. 

Computer Tes t  Sets. The first breadboard computer t e s t  set ,  originally 
scheduled f o r  delivery in May, is expected t o  be delivered t o  MIT/IL on 23 August 
1963. 

in delivery. 
Figure 1-17. 

Final modifications to Breadboard T e s t  Sets R 1  and #2 have caused the delay 
Estimated delivery dates f o r  subsequent t e s t  s e t s  a r e  as shown in  

Computer Simulators. Computer simulator #3, originally scheduled f o r  de-  
l ivery in June, i s  expected t o  be delivered t o  MIT/IL on 16 August 1963. 
changes t o  Computer Simulator #2,  reflecting additional procurement,  have caused 
the delay in delivery. 
fabricate one additional computer simulator t o  Block I CM configuration. 
ulator is t o  be delivered to  AC Spark Plug by 1 March 1964. 

Design 

In June, MIT/IL issued T. D. R-5L authorizing Raytheon t o  
Th i s  s i m -  

Computer Calibration Equipment. NASA authorized the following delivery 
schedule fo r  Computer Calibration Units in o r d e r  to satisfy MIT/IL ' s  request fo r  a 

second calibration unit at  MIT to conduct c rys t a l  osci l la tor  aging t e s t s  ( reference 
NASA TWX SGP 6-361 to MIT/IL dated 20 June 1963): 
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Unit Destination Delivery Date 

2 MIT 8/23/63 
3 ACSP 8130163 
4 NAA 9/30/63 
5 MIT 10/30/63 then to  

6 MSC 11/30/63 
AMR 6/1/64 

Raytheon repor t s  that Calibration Unit #2 is expected to  be delivered to  MIT/IL 
on 2 7  September 1963. 

Figure 1-18 shows the delivery schedule f o r  AC Spark Plug ground support  

equipment . 
Tes t  Stations. ACSP has  indicated that delivery of the preproduction GSE, 

scheduled for  delivery to  MIT/IL on 15 August, will s l ip  to  ear ly  October. 
la te  delivery could delay the s t a r t  of system testing on AGE 4. 
GSE, allocated to  ACSP and scheduled fo r  completion on 1 October 1963, is expected 
t o  s l ip  t o  la te  November. The  first production GSE t e s t  station, scheduled for del ivery 
to  NAA on 1 December 1963, is expected t o  s l ip  to  March 1964. 

Th i s  
The  next preproduction 

Rotary Tables:  T D  A-122 dated 2 1  February  1963 and amended by MIT/IL 

letterAG-280-63 ( 2 9 A p r i l  1963), authorizes AC Spark Plug to  procure 10 Ul t ra -Pre-  
cision Rotary Tables  in  accordance with procurement  specification P S  1002065 dated 
6 February  1963. In accordance with th i s  TD, Rotary Table Numbers  6, 9, and 11 
shal l  be delivered direct ly  f rom the vendor to  the allocations identified below, and 
AC Spark Plug is to  a r range  source inspection and acceptance on these  units a t  the 
vendor 's  facility. 

Ser ia l  No. 

6 

9 

11  

Allocation 

MIT System 
Lab/NAA 
MIT System 
Lab 
MIT System 
Lab/AMR 

Delivery Date 

9-1 -63 

9-1-63 

3-15-64 

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

The Iner t ia l  Component Temperature  Controller (ICTC) consis ts  of two units: 
a Portable  Tempera ture  Controller (PTC) and a Bat tery Pack and Alarm System, 
each enclosed in  a combination case. 
cured by MIT/IL and furnished GFP to  AC Spark Plug. AC Spark Plug will fabr icate  
only the battery and a l a rm pack. 
with AC Spark Plug 's  statement of work dated 28 January 1963, and MIT/IL TD A-135. 

The  P T C  has been designed and will be p ro -  

The ICTC delivery schedule is shown in  accordance 

7 



Portable Temperature Controllers: Under the provisions of AC Spark P lug ' s  
statement of work (28 January 1963)  and TD A - 1 3 5 ,  ACSP is obliged t o  deliver a 
complete Iner t ia l  Component Tempera ture  Controller containing the G F P  Portable  
Tempera ture  Control Unit. 
delivery schedule shown below. 
1963) .  

To accomplish this  AC Spark P lug  has  requested the 
(Reference ACSP l e t t e r  A P - M - 9 9 2  dated 31 July 

ICTC Delivery 
uni t  Date Allocation P T C  Required (GFP)  - 

B 
1 
2 

3 
4 
5 
6 
7 

8 

9 

l o /  1 / 6 3  
1 2 / 1 / 6 3  
1 / 1 / 6 4  
2 / 1 / 6 4  
3 / 1 / 6 4  
4 / 1 / 6 4  
4 / 1 / 6 4  
5 / 1 / 6 4  

6 / 1 / 6 4  

7 / 1 / 6 4  

MIT 
ACSP 
ACSP 
A CSP 
NAA 
MSC 
NAA 
NAA 
AMR 
AMR 

9 / 1 5 / 6 3  

6 wks p r io r  t o  delivery 
6 wks p r i o r  t o  delivery 
6 wks p r io r  t o  delivery 
6 wks p r i o r  t o  delivery 
6 wks p r i o r  t o  delivery 
6 wks p r i o r  t o  delivery 
6 wks p r i o r  t o  delivery 
6 wks p r i o r  t o  delivery 
6 wks p r i o r  t o  delivery 

The IMU Shipping Container is t o  be used t o  control the tempera ture  of the 
IMU and t o  protect it f rom excessive shock and vibration environments during ship- 
ment. 
of Work dated 28  January 1963.  

The delivery schedule shown is in  accordance with AC Spark Plug 's  Statement 

The IMU Transportation C a r t s  will be used f o r  t ransportat ion of the G & N 
units i n  the manufacturing, engineering, and t e s t  preparation a reas .  

Figure 1-19 shows the Kollsman GSE delivery schedule as contained in  Kollsman's 
statement of work dated 1 1  Apri l  1963,  with appropriate modifications as l is ted in  the 
recovery  plan authorized by NASA TWX SGC 4 - 2 3 3  dated 11 Apri l  1963.  It is planned 
t o  present  t h i s  schedule in  a different format  as soon as the revisions are checked 
out and approved. 

In June 1963, MIT/IL issued T D  K-75 authorizing Kollsman t o  design and p r e -  
pa re  f o r  manufacture optical GSE i t ems  listed below: 

I tem - 
1.  Precision Tes t  Fixture 
2. Functional T e s t e r  
3 .  5 inch collimator 
4. Mirror  alignment fixture 
5. 2-112 inch coll imator 

6. Short retroreflecting periscope 
and alignment equipment. 

8 
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1 0 / 1 / 6 3  
1011 1 6 3  

1 0 / 1 / 6 3  
1 0 / 1 / 6 3  

1 0 / 1 / 6 3  
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In  July,  MIT/IL issued T D  K-85 directing Kollsman t o  purchase and fabricate  
p a r t s  for  two Prec is ion  Test Fixtures  p e r  NASA Drawing 1016910 and subassembly 
drawings thereof. 

F i e r e  1-20 shows a P I P  delivery schedule. During July, the following PIP'S 
were  acceptance-tested at  Sperry: Ser ia l  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 t o  AC Spark Plug for 
use  in  the i r  L e a r n e r  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 P IP)  Ser ia l  # AP-4, which was  at ACSP f o r  Pendulum console 
checkout, be used. 

F igure  1-21 shows a n  IRIG delivery schedule. A s  noted in  l a s t  month's report ,  
the las t  of ten ACSP IRIG's were  received at MIT/IL i n  May. 

On 23 July 1963, the following IRIG's were  delivered t o  AC Spark Plug for  
t he i r  Lea rne r  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 Tes t  Lab, W7-153) t o  be  installed on the AGE 5 iner t ia l  platform. 

During the interval  between 1 Ju ly  and 31 July,  MIT/IL Apollo Pro jec t  pe r -  
sonnel attended meet ings as shown on Table  I. 
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Date 

711, 2 
7/2, 3 
712, 3 

-- 

7/8-20 

718 
719, 10 
7/15, 16 

7/15, 16 
7/16 

7/16 
7/16 

7/17, 18 
7/17 
7/18, 19  
7/18, 19  
7/19 
7/22 
7/23, 24 

7/25 
7/25, 26 

7/30 

7/30, 31 
7/31 

7131-811 
7/31 -8/1 

Table I 
Meetings Attended by MIT/IL Apollo Personnel  

Per iod 1 July through 31 July 1963 

Location 

SQID 
MIT 
GAEC 

MS C 
MIT 
KIC 
GAEC 
GA E C  
MSC 
GAEC 
S&ID 

MSC 
S&ID 
MSC 
S&ID 
MSC 
MIT 
MIT 

MIT 
MIT 

NASA Hdq., 
Washington 
MIT 
MSC 
MIT 

AMR 

- S U E t  

GSE Coldplate Meeting 
S&ID/MIT Mtg. #60B, PACE 
GAEC/MIT Mtg. #LlOB. Dynamics 
LEM/CM Interface & Pro jec t  P l ans  
Spacecraft  Integration Mtg. 
Mo. KIC Mtg. 
LEM/G&N Coord. Mtg. #lA 
G&N Discussion 
GOSS Pane l  

" 
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T h e r m a l  Meeting 
NASA -Saturn/Apollo Guidance Implementa- 

Check- out Panel  
S&ID/MIT Mtg. #61B, Thermal  Interface 
Sys. Mtg. #6 - Entry Guidance 
NASA Tech. Coord. Mtg. #10A 
Measurement Pane l  
Apollo Computer 
S&ID/MIT Mtg. #62B, Exchange of GSE 

Technical Information 
Status Review Mtg./ACSP 
S&ID/MIT Mtg. #63B, Integrated System 

Test Working Mtg. 
LEM Working Group 

tion 

In-flight Test, GAEC/MIT # L l l B  

LEM Stability & Control Mtg. #5 
Simulation Mtg. #4 

PACE Mtg. 



BIBLIOGRAPHY 
TECHNICAL PROGRESS REPORTS 

No. 

E- 1067 
E-1068 
E- 1099 
E-1116 
E-1117 
E-1139 
E- 1140 
E-1157 
E-1177 
E-1199 
E-1236 
E-1237 
E-1238 
E- 1302 
E- 1303 
E-1304 
E-1305 
E-1306 
E-1307 
E-1308 
E-1378 
E-1389 
E-1410 

Type 

Monthly 
Monthly 
Monthly 
Quarterly 
Monthly 
Monthly 
Quarterly 
Monthly 
Monthly 
Quarterly 
Monthly 
Monthly 
Quart  e r ly  
Monthly 
Monthly 
Quarter ly  
Monthly 
Monthly 
Quarterly 
Monthly 
Monthly 
Quarterly 
Monthly 

Per iod  Ended 

August 11 through September 13, 1961 (C) 
September 1 3  through October 4, 1961 (C) 
October 4 through November 9, 1961 (C)  
Per iod  ended December 11, 1961 ( C )  

December 11, 1961 through January 16, 1962 (C) 
January 16 through February  1962 (C) 
Per iod  ended March 11, 1962 ( C )  

March 11 through Apri l  11, 1962 ( C )  

Apri l  11 through May 1, 1962 (C) 
Per iod  ended June 11, 1962 ( C )  

June 11 through July 17, 1962 (C) 
July 17 through August 21, 1962 (C) 
Period ended September 11, 1962 (C) 
September  11 through October 11, 1962 (C) 
October 11 through November 13, 1962 (C) 
Per iod  ended December 11, 1962 (C) 
December 11, 1962 through January  11, 1963 (C) 
January  11 through February  11, 1963 (C) 
Per iod  ended March 1963 (C) 
Apri l  1963 (C)  
May 1963 (C) 
Per iod  ended June 1963 (C) 
July 1963 ( C )  
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BIBLIOGRAPHY (Cont'd) 
ENGINEERING REPORTS 

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 

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

D. Shansky, Erasable  Ferrite Memory, MOD 3C Computer, October 

1961 (U) 

- 

R.  L. Alonso, J. H. Laning, Jr . ,  and H. Blair-Smith, Pre l iminary  
MOD 3C Computer Program,  November 1961 (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 Prel iminary Operational Duty Cycle, December 

1961 (C) 

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

Addendum. Februarv 1962 (C) 

M. Sappupo, Work Statement fo r  P I P  MOD D, December 15, 1961 (C) 

E. J. Hall, Work Statement f o r  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, Prel iminary Assembly and Tes t  Manual 16 P I P  MOD D, 
January 1962 (C) 

P. G. Felleman, Analysis of Guidance Techniques f o r  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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BIBLIOGRAPHY (Cont 'd) 
ENGINEERING REPORTS (Cont'd) 

E-1114 

E-1118 

E-1124 

E-1125 

E-1126 

E-1130 

E-1131 

E-1134 

E-1142 

E-1144 

E-1158, 

E-1161 

E-1164 

E-1167 

J. E. Levy, Glossary of T e r m s  and Symbols, Apri l  1962 ( C )  
(Revised July 1962) (C) 

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

J. S. Miller and J. J. Deyst, Pre l iminary  Study of Aborts  f rom 
Circumlunar Trajector ies ,  March 1962 (U) - 
R. L. Alonso, Pre l iminary  Resolver Angle Measurements,  
February 1962 (U) 

A .  L. Hopkins, J r . ,  AGC MOD 3C Computer Circui ts  General ,  

February 1962 (U) 

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

J. S. Miller and R. H. Battin, Pre l iminary  Summary of Data fo r  
a Variety of Circumlunar Trajector ies ,  February  1962 (U) 

A. C. Hardy, Photometr ic  Units in the MKS System, March 1962 

(U) 

J. E. Levy, Weight and Balance Report, 15 March 1962, revised 
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  fo r  Apollo G & N 
System Participating Contractors,  May 1962 (U) 

F. D. Grant, The Relationship between IMU Drift Misalignments 
and Targe t  E r r o r s ,  May 1962 (C) 

Drawing Standards,  15 June 1962 (U) 
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BIBLIOGRAPHY ( Cont I d) 
ENGINEERING REPORTS (Cont'd) 

E - 1 1 7 2  

E - 1 1 7 3  

E - 1 1 7 9  

E - 1 1 8 6  

E - 1 1 9 5  

E - 1 1 9 6  

E - 1 2 0 3  

E - 1 2 1 2  

E - 1 2 1 5  

E - 1 2 3 0  

E - 1 2 3 3  

E - 1 2 5 6  

E - 1 2 5 7  

E - 1 2 6 0  

A .  C. Hardy, The Visibility of Stars ,  June 1 9 6 2  (U) 

R. M. Jansson, The Heat Transfer  P rope r t i e s  of Structural  
Elements  fo r  Space Environment, June 1 9 6 2  (U) 

R. G. Scott, Rope Core Tes t e r ,  July 1 9 6 2  (C) 

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

N. E. Sears ,  Earth Orbital  Rendezvous, May 1 9 6 2  ( C )  

M. W. Johnston, Analysis of Two Lunar  Landing Techniques 
Providing Direct Landing Site Visibility P r i o r  t o  Touchdown, 
July 1 9 6 2  (U) 

G. A. Davidson and H. H. Seward, Calibration Techniques fo r  
Precis ion Rotary Components, August 1 9 6 2  (U) 

F. D. Grant, E r r o r  Data Summar ies  fo r  Various Trajector ies ,  

(Preliminary),  September 1 9 6 2  (C) 

T. C. Taylor, Thermal  Models f o r  High Density Computer Circuit  

Structures ,  September 1 9 6 2  (U) 

J. E. Mil ler  and J. H. Flanders ,  Comprehensive Alignment Tests 
f o r  IMIT, (to be published) (C) 

T. C. Taylor, Technique of Circuit  Fabrication with State-of-the- 

A r t  Weldable Multilayer Boards,  October 1 9 6 2  (U) 

J. W. Hursh, Apollo Midcourse Guidance, November 1 9 6 2  (C) 

L. J. Lareau, Jr.,  Atmospheric Refraction as a Means of Horizon 
Determination, December 1 9 6 2  (U) 

P. K. Bryant, Procedures  of the Apollo Management, ( to b e  

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

E-1261 

E-1278 

E-1285 

E-1287 

E-1288 

E-1293 

E-1297 

E-1313 

E-1322 

E-1342 

E-1343 

E-  1344 

E-1350 

G. M. Levine, Application of Midcourse Guidance Techniques to  
Orbit Determination, December 1962 (U) 

G. Gilbert, MIT Space Implementation, Interim Report, 
January 1963 (U) 

A .  C. Hardy, Some Luminance Values for  Sun, Earth,  and Moon, 

January 1963 (C) 

J. M. Dahlen and J. H. Long, Backup Thrust  Vector  Control, 
February 1963 (C) 

F. D. Grant, Alignment E r r o r s  of the IMU Stable Member,  
February 1963 (C) 

R. Boyd, AGE Field Operations P r o g r a m  Plan, (Prelim. ) Apri l  1963 (U) 

J. H. Flanders ,  Inertial  Subsystem (ISS) Calibration Tests, 
(Preliminary),  June  1963 (U)  

T. C. Taylor,  Thermal  Grounding Analysis for  Circui t  Structures ,  
(to be published) (U) 

G. W. Mayo, Apollo G & N Fa i lu re  Reporting and Correct ive Action 
Plan, April  1963 (U) 

A ~ o l l o  Guidance and Navigation Equipment Familiarization Manual, 

__ 

(to b e  published) (C) 

G. Oberbeck, Ternary  Pulse  Torquing, May 1963 (U) 

D. G. Hoag, Consideration of Apollo IMU Gimbal Lock, Apri l  1963 

(C) 

W. Briggs, Statist ical  Decision Theory for Logistics Planning, 
May 1963 (U) 
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E-1353 

E-1359 

E-1363 

E-1374 

E-1381 

E-1385 

E-1386 

E-1395 

E-  1396 

E-1398 

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

E .  M. Copps, D. A .  Koso, K. Nordtvedt, and M. B. Trageser ,  
Ear th  Parking Orbit; Guidance and Navigation Measurements,  
(Prei iminaryj ,  (to be published) (C)  

J. Dahlen, T. Heinsheimer, J. Suomala, Flight Test  Plan - Apollo 
G & N System AGE 5, May 1963 ( C )  

T. Heinsheimer,  Status of Apollo Flight Safety System Design and 
- 
ueveiupmenr, June I Y O J  tu) 

J. Sciegienny, Propagation of the Altitude and Altitude Rate E r r o r s  
During the Suborbital Flight, (to be published) (U) 

R. Boyd, Data Analysis and Dissemination Instruction, (to be 
published) (U) 

(Prof .  ) Hardy, Yisibility Data and the Use of Optical Aids, (to be 

published) (U) 

S. Smith, Report on Clear  Resins,  (to be published) (U) 

J. McNeil, Date Console Job  Description Cards  fo r  Operations and 
Maintenance, (to be published) (U) 

J. McNeil, Date Console Reference Manual, (to be published) (U) 

J. Dahlen, J. Suomala, Landing Mission Design Plan of 15 Apri l  
1963, (to be-published) (C) 
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BIBL,IOGHAPEIY (Cont ' d )  

TECHNICAL REPORTS 

R - 3 3 9  

R - 3 4 1  

R - 3 4 2  

R- 348  

R-349  

R- 353 

R - 3 5 8  

R - 3 6 7  

R - 3 6 8  

R - 3 7 2  

R-  3 7 3  

R -  376  

M. B. T ragese r ,  Guidance and Navigation System Information f o r  
Apollo Spacecraft Bidders,  September 1 9 6 1  (C) 

R. H. Battin, Statist ical  Optimization fo r  Space Flight, September 
1961,  (Rev. May 1962)  (U) 

C. S. Draper,  W. G. Denhard, and M. B. T ragese r ,  Development 
Cri ter ia  for  Space Navigation Gyroscopes, October 1 9 6 1  (U) 

E. J. Hall, J. Miller and J. Aronson, A .  Lattanzi, Specification 
for  Procurement  of Apollo IRIG, December 1961 ,  (Rev. August 

1962)  (C) 

G. W. Mayo, Guidance and Navigation System Reliability P r o -  
gram, December 1 9 6 1  (U) 

R. H. Battin and J. S. Miller,  Circumlunar Tra jec tory  Calculations, 
April 1 9 6 2  (U) 

R. L. Alonso, A .  L. GI-een, H. E. Maurer ,  and R.  E. Oleksiak, 
A Digital Control Computer Developmental Model IB, Apri l  1 9 6 2  

(U) 

P. H. Gilinson, Jr., C. R. Dauwalter, and J. A.  Scoppettuolo, 
Multirange Prec is ion  Torque Measuring Devices, July 1 9 6 2  (U) 

G. W. Mayo and E. T. Driscoll ,  Reliability Handbook fo r  
Electronic Engineers,  August 1 9 6 2  (Rev. October 1 9 6 2 )  (U) 

J. H. Flanders,  Velocity Steering Studies for  the Apollo Mission, 

August 1 9 6 2  ( C )  

J. M. Dahlen, P. G. Felleman, R. D. Goss, N. E. Sear s ,  
M. B. T ragese r ,  R. L. White, Guidance and Navigation System 
for Lunar Excursion Module, July 1 0 6 2  (Rev. August 1 9 6 2 )  (C) 

R. E. Curry  (NASA), Two Impulse Abort T ra j ec to r i e s  f rom 
Translunar Flight, Oootber 1 9 6 2  (u) 
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BIBLIOGRAPHY (Cont'd) 
TECHNICAL REPORTS (Cont'd) 

R-380 

R-382 

R-383 

D ~ n c  *. Y"" 

R-386 

R- 387 

R-388 

R-389 

R-391 

R-393 

R-395 

R-396 

R-399 

Development of High Capacity Heat Storage Mater ia ls  Phase  1 - 
Study of Materials,  July 1962 (TJ) hy Cyro-Therm, 1r.c. 

R. H. Battin, Universal  Formulae for  Conic Trajectory 
Calculations, September 1962 (U) 

G. W. Mayo, Design Review Procedures ,  September 1962 (U) 

n -  L. ;;u~c;~;L~suu, IuerLiai ur ientat ion of tne Moon, October 
1962, (U) 

Max Petersen,  Earth Limb Definition Photography, MA - 7 

Mercury Flight, Cmdr.  Carpenter,  (to be published) (U) 

S. J. Madden, Jr., Orbital  Element Variation for a Body in 

Orbit  Around the Moon, July 1963 (U) 

D. G. Hoag, A P r o g r e s s  Report on the Apollo Guidance System, 

December 1962 (C) 

G. W. Mayo, Requirements of and Index to  Design Qualification 
and Reliability Test P r o g r a m ,  March 1963 (U) 

D. G. Shepard, The Effect of Retrorocket Exhaust on Visibility 
during Lunar  Touchdown, December 1962 (U) 

R. L. Alonso, A .  L. Hopkins, Jr . ,  and H. Blair-Smith, 
Logic Description fo r  A ~ o l l o  Guidance C o m m t e r  AGC 4. 

March 1963 (C) 

G. W. Mayo and G. Kruszewski, Guidance and Navigation System 

Reliability Apportionment and Initial Analysis,  February  1963 (C) 

E. T. Driscoll, Quality Assurance Plan,  Apri l  1963 (U) 

W. S. Crocker  and I. G. McWilliams, Design and Checking of 

Indexing, Apri l  1963 (U) 
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R-404 

R-405 

R-408 

R-410 

R-411 

R-415 

R-416 

R-417 

BIBLIOGRAPHY (Cont'd) 
TECHNICAL REPORTS (Cont'd) 

N. E. Sears ,  Radar  Requirements for  P r i m a r y  Guidance and 
Navigation Operation, (to be published) (C)  

E. T. Driscoll, Quarterly Reliability and Quality Assurance  Status  
Report, Apr i l  1963 (U) 

Eldon Hall, Design Concept of the Apollo Guidance Computer, 
June 1963 (C) 

Eldon Hall, Genera l  Charac te r i s t ics  of the Apollo Guidance and 

Navigation Computer, May 1963 (C) 

D. G. Hoag, A P rob lem in Man and Machine Integration, April 
1963 (C) 

D. J, Lickly, H. R. Morth, B. S. Crawford, Apollo Reentry 
Guidance, July 1963 (C) 

R.  Alonso, Apollo Guidance Computer, (to be published) (U) 

G. Cherry,  A Uniform Explicit Technique for  Per forming  

Orbi ta l  Insertion, Soft Landing, and Rendezvous with a Throt t le-  
able, Rocket-Propelled Space Vehicle, (to be published) 
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T-351 

T-352 

BIBLIOGRAPHY (Cont d) 
THESES 

M. A .  Lanman, Analysis of a Posit ion Control Servo Incorporating 
Qu-ntized Feedback, May 1963 (U) 

R. L. Fortenbaugh, Description and Analysis of the Apollo Space 
Sextant Simulator,  May 1963 (U) 

\ 
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Internal 
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