
































































































































Procedures for ''sell-off" testing have been worked out.

¢c. Portable CR$ ¢Portafam)

Still looking for a suitable tape transport for the Portafam.
Study and design of the AGC interface, tape, and control electronics

is in progress.
d. Routine Maintenance

Routine maintenance of AGC's and support equipment in use in

the STG Lab and hybrid simulation facilities was performed.

B. Components
1. 6321 & 6394 Au Ball Bond Failures

Later lots of Philco SCD 1006321 integrated circuits have exhibited
intermittent open bond failures during and after screen and burn -in.
These failures are characterized by notch initiated cracking between

the gold rich phases of the gold-aluminum eutectic.

Autonetics has performed extensive studies of this identical failure
mode and directions for corrective action were pointed out. Philco,
when performing matrix studies for determining contributing variables,

did not consider the variables suggested by Autonetics.

In D. D. Memo #389, MIT/IL made recommendations for areas of
investigation, particularly screening. To date, there has been no
response fromthe vendor. The most worrisome aspect of the failure
mode is a time dependence coupled with intermittency. An open bond
can be "closed" by as little voltage as 2V, so that ordinary testing can

temporarily heal the failure.
2., X-Ray Screening of 6321 Flat Packs

In D.D. Memo #393, MIT/ IL has set forth the potentials of X-Ray
screening of SCD 1006321 and 1006394 flat packs for bent leads, poor
seal, dense particles and poor die attach. MIT/IL has further suggested
X-Ray methods for detecting lifted chip which was proven feasible by
Raytheon. MIT/IL submitted a change to the flight specification

incorporating X-Ray screening of flat packs.
3. E-Memory Diode Failures

Open CDC SCD 1006399 diodes in E-Memory modules have been
detected. The cause was hypothesized to be either improper potting of
the modules or faulty diodes because of poor button to stud and/or poor

chip to stud contact. Later CDC diode lots have exhibited these poor
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contacts due to poor dimensional control coupled by the thermal mismat-
ches of the glass, studs and chip. Cracking of the diodes would exhibit

the same symptoms. The following facts have illuminated the subject:

a. All the diode failures have occurred only in E-Memory modules

where it was found that improper potting was performed.

b. There is no correlation of lots which generated module failures
to lots which generated contact failures during screen and
burn-in,

c. As suggested by MIT, Raytheon potted diodes by; (a) using no
protective coating under the hard potting, (b) using partial
protective coating under the hard potting and, (c) using full
protective coating under the hard potting. The results were 7/15
failures, no protective coating; 2/ 15 failures, partial

protective coating; 0/15 failures, full protective coating.
6323 1 Mil Al Wire Transistor Failures

Studies have been performed by MIT/IL to attempt to resolve the
contradictory data concerning SCD 1006323 1 mil aluminum wedge bond

failures. The findings and conclusions are to be reported in E-2218.

By two different measurement methods it was found that the thermal
time constant of the chip is of the order of twenty to thirty seconds
while the thermal time constant of the wire is approximately 0. 4 sec.
The heating of the wire is dominated by chip heating until DC currents
in excess of 450 ma are passed through the wire. The burn-in failures
at Raytheon and Motorola can be explained by heating due to the electro-
thermalmechanism where the cycling time is in the order of minutes.
However, the various life tests performed by Raytheon and MIT
simulating use conditions show either no failures or induced failures.

The module and field failures show no relation to the worst case current
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and power application. It is therefore concluded that field and module
failures of the 1 mil Al wedge bonded are not caused by fatiguing
caused by wire motion, but by mechanical stresses or previously

undetected intermittent failures.
5. 6310 PNP Transistor

The PNP transistor from Motorola was reported in the last monthly
report to exhibit a new failure mode. To solve this problem, Raytheon
submitted a purchase order to Fairchild for the 1006310 with a penalty
clause for late delivery. In the first group of devices fabricated by Fair -
child, the devices would not meet the 500 ma er specification and
Fairchild requested a relaxation in the specification. Thc transistors
arrived at Raytheon on the delivery date and supposedly met the relaxed
specifications. No test results from the Raytheon screen and

burn-in facility are presently available.

6. DSKY Redesign

The redesign of the DSKY has been continuing and the mechanical
design of the IDM headers was completed. This enabled the last of the
critical parts procurements, the IDM header. An indicator module was
received from Pin-Lite and a first prototype indicator module was
received from Tung-Sol. The prototype from Tung-Sol was an operating
module which contained the complete optical section but did not have

the final design on the header arrangement.
C. AGC Problems
1. AGC BL II Erasable Memory

MIT/IL letter AG 412-67 dated 25 Oct. 1967, enclosure ''Electronic

Packaging Memo #7-166" summarizes the Erasable Memory vibration problem.
D. ICD Problems
1. Clock Sync Transient

When LGC goes from standby to operate the clock sync- interface
signal goes out of spec. GAEC states that this will cause loss of tele-
metry for 1 second. NASA has indicated that this problem will be
resolved procedurally. MIT/IL has submitted an ICD change request
to GAEC. Problem still unresolved.
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PGNS Caution Display
NASA hag directed NAR and GAEC to delete the PGNS CAUTION

interface wiring from the spacecraft., This change has been incorpo-
rated into NAA ICD. GAEC has not submitted an ICD change request
yet,

VHF Ranging Unit
NASA has proposed a ranging capability for the CM-LM VHF voice
link. The interface with NAA has been approved on ICDs. G&N

harness changes are in preparation. AGC program has to be provided.

Noise on Uplink Line

In LM when turning power off the DCA or DUA units, noise is put on
the uplink lines causing a possible uplink too fast alarm. It has been
resolved by having an astronaut reset the program alarm and requiring
the ground to clear the register at the beginning of an uplink trans-

mission.

Computer Tray A Bulge

Computer Tray A bulges beyond ICD limits. ICD changes with NAA
have resolved the problem for the CM. A satisfactory resolution has
been reached for the LM however the ICD changes have not yet been
prepared by GAEC,

Increased in DSKY dimension due to flammability changes have been
documented by ICD change with NAR. GAEC has not yet responded
to MIT's ICD change request.
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SECTION 8

Apollo Guidance Computer Programming Summary
for the Months of November & December

Mission AS-501 (Solarium) Unmanned CSM

MIT has received data which have allowed an evaluation of the performance
achieved by the Apollo Guidance and Navigation System on its second unmanned
flight.

The whole 8. 5 hour trajectory was exceptionally close to that planned,
including the 5 hours of on-board Guidance System controlled operations
following two earth orbits and Saturn booster translunar injection simuiation
into a 10, 000 mile high apogee trajectory.

The G & N System provided automatic on-board determination of position
and velocity from the time of liftoff until the return to earth. It controlled
numerous attitude maneuvers and two major burns of the Service Module engine.
Twice the ground tracking system sent refined values of position and velocity
up to the Guidance System. These were necessary to replace the on-board
navigation measurements that are possible with the astronauts aboard. These
updates were within the expected magnitudes.

The second Guidance controlled burn was for 4. 5 minutes which provided
the lunar return entry velocity test of 36, 500 ft/sec. Ignition and turnoff
signals were to be automatically generated onboard. Due to delay in telemetry
signal transmission to the ground, the ground controller sent the turn-on
command to the spacecraft just after this signal had already been generated
automatically by the Guidance System. This ground controller action took the
rocket turn off responsibility away from the onboard system. Actual turn off
was commanded from the ground controller such that the rocket burned 13.5
seconds more than required for the planned entry test condition. The
resulting 200 ft/sec. overspeed provided a more rigorous and successful
atmospheric entry test both of the heat shield and for the on-board Guidance
controlled entry trajectory which include a controlled skip and re-entry to the

recovery point.
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The last optical attitude reference check for the Guidance System
occurred one day before liftoff and the system attitude reference remained
under inertial sensing control from then on without further correction. Until
liftoff the attitude reference was in a vertical-gyrocompass mode.

Total accumulated velocity change measured by the on-board accelerometers
was over 70, 000 ft/sec in this simulation. Kinetic energy per unit mass on hitting
the atmosphere atentry was overtwice that ofthe Gemini return from the earth orbit.

Guidance control of trajectory necessarily ended at 23, 000 ft altitude
when the drogue parachutes were deployed for final letdown in the sea 1,000
miles northwest of Hawaii. At this time the data reported the system had
indicated guidance control to within 1. 87 nautical miles of the programmed
aim point in the on-board guidance system.

NASA presently plans to fly the AS-502 mission with the Solarium Program
without changes. )

MIT is planning to perform minor testing upon receipt of a AS502
Operational Trajectory to assure the capability of Solarium for the AS502

Mission and the generation of the erasable load.
B. Mission AS-204 (SUNBURST) Unmanned LM

The released Sunburst Program contains four restrictions. None of
these restrictions are considered important by NASA/MSC and therefore no
program changes are planned.
The remaining major tasks for MIT on Sunburst are:
Generation of the Erasable Load.
An end to end run that will verify compatibility of the erasable load and
Burst 120.
Program support before and after the flight.

C. Mission AS- 205 (SUNDISK) Manned CSM

A First Article Configuration Inspection (FACI) Meeting was held at
MIT/IL on October 4, 1967. Level 5 testing was begun after the FACI. Level
5 testing consisted of 160 test runs which took 6 weeks to complete. There
were 103 program notes and discrepancies recorded during Level 4 and 5
testing. These items have been corrected by either program fixes, operational
constraints or considered as being insignificant.

SUNDISK Revision 267 was released and sent to Raytheon on November 15,
1967; upon receipt of direction from NASA/MSC rope manufacturing will begin.
Changes and retesting of the assembly is still being done under NASA Program
Change Request (PCR) direction.
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One ground rule adopted by NASA/MSC for the SUNDISK Program was that
no LM rescue rendezvous would be done by the program. If necessary such a
rendezvous would be by ground control and not G&N control when using the SUN-
DISK Progrm.

Mission AS-504 (SUNDANCE) Manned LM Earth Orbital
The SUNDANCE Program is presently in the level 3 testing phase which is

scheduled for completion on 22 December 1967, FACI for SUNDANCE is scheduled

for 15 March 1968.

MIT/IL is to provide GAEC with the erasable initialization and a Program
Tape of the LM DAP on 1 December 1967, This tape will be used for testing
and debugging on the GAEC simulator.

The major portions of the SUNDANCE Program Specification (GSOP Sections
4 and 5) are scheduled to be published in early December 1967,

A LM DAP review by NASA was held on 8 November 1967,

Mission AS-505 (LUMINARY) Manned LM Lunar Capability

The LUMINARY Program is presently in the level 2 testing stages with
level 3 testing scheduled to start in late December 1967, Publication of the
LUMINARY Program Specification (GSOP Section 4 and 5) are scheduled for
mid - January 1968. FACI for LUMINARY is presented planned mid - July 1968,

Mission AS-505 (COLOSSUS) Manned CSM Lunar Capability

The COLOSSUS Program is presently in the level 2 testing stage with level 3
testing scheduled to start in early January 1968. Publication of the COLOSSUS
Program Specification (GSOP Sections 4 and 5) are scheduled for late December
1967, FACI for COLOSSUS is presently planned for mid - June 1968,

The CSM DAP for COLOSSUS will be the same DAP that is presently in
SUNDISK except for some minor changes and a change to R03 for loading of auto-
pilot data. The VHF ranging capability has been added to the COLOSSUS GSOP
Specification.

Program Change Control Procedure

During the reporting period considerable effort has been applied to the
development and documentation of Program Specification Change Control Pro-
cedures. The objective being to promote orderly and timely development of
Mission Programs through control of the configuration of software detailed

specifications and the spacecraft computer programs.
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MIT/IL MASTER APOLLO SOFTWARE DEVELOPMENT PLAN B Ik

1968
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COLOSSUS CMC PROGRAM (AS-504)

FIXED MEMORY ALLOCATION CHART (ESTIMATED)

I. Utility and Service Programs

Interpreter, Single Precision Subroutines,
Fixed-Fixed Constant Pool

Executive

Waitlist, Longcall

Interrupt Lead Ins

Interbank Communication
T4RUPT

SXT Angle Monitor
Keyrupt-Uprupt

Downlink Program and 5 Lists
Fresh Start and Restart
Alarmand Abort

Delayjob

Restart Routine and Tables
Phase Table Maintenance
Pinball Program and Noun Tables
Displays, Priolarm

Program Select (V37, P00, R0OC)
Self Check

Extended Verbs

RTBOPCodes

SXTMARK

IMU Mode Switching

IMU Compensation

LGC Startup (P05)

LGC Power Down (P06)

IMU Status Check

Systems Test (P07)
Interpretive Constants

Flagup, Flagdown

DAP Data Load (R03)

End Bank Markers

TOTAL UTILITY AND SERVICE PROGRAMS
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328
240
52
88
800
75
70
500
420
63
30
400
183
3000
700
300
310
550
200
353
580
250
57
63
30
650
29
31
29
36
12679



II. Autopilot and Maneuver Programs Digital Autopilot

Entry DAP 850
CSM DAP 3421
Inertia Calc 100
Stroke Test 79
KALCMANU 710
Attitude Maneuver (R60) 60
Crew Defined Maneuver (R62) 16
Vecpoint 130
Rendezvous Final Attitude (R63) 30
Middle Gimbal Display 15
CM Body Attitude 200
TOTAL AUTOPILOT AND MANEUVER PROGRAMS 5671

III. Basic Math Routines

Inflight Alignment Routines 281
Powered Flight Subroutines 156
CSM Geometry 210
Time of Free Fall 300
Conic Subroutines 1050
Orbital Integration 1400
PERIAPO 100
Lattitude, Longitude, Altitude 170
Initial Velocity 175
Lunar and Solar Ephemeris 75
Planetary Inertial Orientation 280
TOTAL BASIC MATH ROUTINES 4203

IV. Targeting Routines

Transfer Phase Initiation Search 320
Return to Earth 1200
TOTAL TARGETING ROUTINES 1520

V. Navigation Routines

Measurement Incorporation 350
Preferred Tracking Attitude (R61) 310
Lunar Orbit Navigation 750
Lunar Landmark Selection (R35) 190
Rendezvous Tracking Sighting Mark & Backup (R21, R23) 90
Rendezvous Tracking Data Processing & Backup (R22, R24) 400
Landmark Table 150
Cislunar Navigation 330
TOTAL NAVIGATION ROUTINES 2570
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VI. Powered Guidance Routines

Servicer 500
Desired Thrust Direction (S40.1, S40,2, 3) 350
Cross Product Steering (S40. 8) 140
VG Calculation (540, 9) 100
Time of Burn Calculation (540, 13) 80
Initial VG (S41.1) 20
Entry Guidance 1200
TOTAL POWERED GUIDANCE ROUTINES 2390

VII, Alignment Routines

Coarse Align (R50) 75
Fine Align (R51) 90
Auto Optics (R52) 155
Sighting Mark (R53) 50
Star Data Test (R54) 65
Gyro Torquing (R55) 40
Pick-A-Pair 125
Star Catalog 223
Alternate LOS Sighting Mark (R56) 54
Optics Calibration (R57) 50
TOTAL ALIGNMENT ROUTINES : 927

VIII. Miscellaneous Programs and Routines

P27 - Update Program 320
R36 - Rendezvous Out of Plane Display 120
P30 - External Delta V Prethrust 250
P31 - General Lambert Maneuver 120
RO5 - S Band Antenna Display 85
R30 - Orbit Parameter Display 115
R31-R34 Rendezvous Parameter Display Routine 1 & 2 100
R32 - Target Delta V 100
R33 - CMC/LGC Clock Synchronization 24
TOTAL MISCELLANEOUS PROGRAMS AND ROUTINES 1234

IX, Mission Control Programs

PO1 Prelaunch or Service Initialization 38
P02 Prelaunch or Service Gyrocompassing 397
P03 Optical Verification of Gyrocompassing 130
Pl1 Earth Orbit Insertion Monitor 380
P15 Translunar Injection 250
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P17 TPI Search 150

P20 Rendezvous Navigation 160
P22 Orbital Navigation 100
P23 Cislunar Midcourse Navigation 100
P34, P74 TPI Prethrust 450
P35, P75 TPM Prethrust 100
P37 Return to Earth 250
P38, P78 SOR Prethrust 50
P39, P79 SOM Prethrust 50
P40 SPS Thrusting 560
P41 RCS Thrusting 150
P47 Thrust Monitor 100
P51, P53 IMU Orientation Determination & Backup 265
P52, P54 IMU Realign and Backup 260
P61 Maneuver to CM/SM Sep Attitude 320
P62 CM/SM Sep and Pre-Entry Maneuver 90
P63 Entry Initialization 25
P64 Post 0, 05G 20
P65 Upcontrol 20
P66 Ballistic 20
P67 Final Phase 40
P LM TPI Search 10
TOTAL MISSION CONTROL PROGRAMS 4485
MIT PAD 1100
GRAND TOTAL 36779
REMAINING FIXED MEMORY 85
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LUMINARY LGC PROGRAM

FIXED MEMORY ALLOCATION CHART (ESTIMATED)

I.  Utility and Service Programs

Interpreter, Single Precision Subroutines, 2262
Fixed-Fixed Constant Pool

Executive 328
Waitlist, Longcall 240
Interrupt Lead Ins 52
Interbank Communication 88
T4rupt (R10, R25) 850
Keyrupt-Uprupt 70
Downlink Program and 5 Lists 500
Fresh Start and Restart 420
Alarm and Abort 63
Delayjob ' 30
Restart Routine and Tables 350
Phase Table Maintenance 183
Pinball Program and Noun Tables 3000
Displays, Priolarm 700
Program Select Check (V37, P00, R00) 300
Self Check 310
Extended Verbs . 600
RTB OP Codes 200
Radar Rupts 230
AOTMARK (R53) o : 381
Backup Marking (COAS) 50
IMU Mode Switching 580
IMU Compensation 270
LGC Startup (P05) 57
LGC Power Down (P06) 63
IMU Status Check 30
System Test (P07) 675
Interpretive Constants 29
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Flagup, Flagdown 31

DAP Data Load (R03) 160
Radar Subroutines 710
End Bank Markers 36
TOTAL UTILITY AND SERVICE PROGRAMS 13848
II. Autopilot and Maneuver Programs
Digital Autopilot 3250
KALCMANU 680
Attitude Maneuver (R60) 60
Crew Defined Maneuver (R62) 18
Vecpoint 130
Rendezvous Final Attitude (R63) 30
Ball Angle Display 82
Middle Gimbal Display 75
TOTAL AUTOPILOT AND MANEUVER PROGRAMS 4325
III, Basic Math Routines
Inflight Alignment Routines 250
Powered Flight Subroutines 156
LM Geometry 96
Time of Free Fall 300
Conic Subroutines 1050
Orbital Integration 1400
PERIAPO 100
Latitude, Longitude, Altitude 170
Initial Velocity 175
Lunar and Solar Ephemeris 75
* Planetary Inertial Orientation 280
TOTAL BASIC MATH ROUTINES 4052

IV. Targeting Routines

* Predicted Launch Time 650
Coelliptic Sequence Initiation 440
Constant Delta Altitude 300
TOTAL TARGETING ROUTINES 1390
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V. Navigation Routines

Measurement Incorporation 350
Preferred Tracking Attitude (R61) 50
Rendezvous Navigation (LSR22. 3, RADARANG) 450
* Lunar Surface Navigation (LSR22, 4) 100
RR Search, Designate and Read 650

(R21, R22, R23, R24, R29, LPS20.1, LPS20,2
LRS22.1, LRS22,2, LRS24.1, CALCXY)

TOTAL NAVIGATION ROUTINES 1600

VI. Powered Guidance Routines

Servicer (R12) 850
Desired Thrust Direction (S40.1, S40. 2, 3) 230
Cross Product Steering (S40. 8) 75
VG Calculation (540, 9) 100
Time of Burn Calculation (S40.13) 105
* Descent Guidance (R11, R13) 923
* Ascent Guidance 700
TRIMGIMB (S41.1, S40.6) 65
TOTAL POWERED GUIDANCE ROUTINES 3048

VII. Alignment Routines

Coarse Align (R50) 75
Fine Align (R51) 80
Auto Optics (R52) 55
Star Data Test (R54) 56
Gyro Torquing (R55) 40
Pick-A-Pair (R56) 142
Star Catalog 223
TOTAL ALIGNMENT ROUTINES 671
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VIII. Miscellaneous Programs and Routines

R47 - AGS Initialization 100
R36 - Rendezvous Out of Plane Display 120
P27 - Update Program 320
P30 - External Delta V prethrust 150
* P31 - General Lambert Maneuver 120
R04 - RR/LR Self Test 102
* R0O5 - S Band Antenna Display 105
* R29 - Rendezvous Radar Flight Designate
R30 - Orbit Parameter Display 120
R31 - Rendezvous Parameter Display 90
R32 - Target Delta V 100
R33 - CMC/LGC Clock Synchronization 27
* R77 - Radar Spurious Return Test
TOTAL MISCELLANEOUS PROGRAMS AND ROUTINES 1354

IX. Mission Control Programs

* P10-P11 Predicted Launch Time 200
* P12 Ascent Guidance 200
P20 Rendezvous Navigation 200
P21 Ground Track Determination 50
* P22 Lunar Surface Navigation 20
P25 Preferred Tracking Attitude 70
P32-P72 CSI Prethrust 70
P33-P73 CDH Prethrust 100
P34-P74 TPI Prethrust 460
P35-P75 TPM Prethrust 95
*P38-P78 SOR Prethrust 50
*P39-P79 SOM Prethrust 50
P40 DPS Thrust 900
P41 RCS Thrust | 150
P42 APS Thrust 30
* P46 Separation Monitor 50
P47 Thrust Monitor 70
P51 IMU Orientation Determination 210
P52 IMU Realign 154
¥ PBT Lunar Surface Align 500
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* P63 Landing Braking 200

% P64 Landing Approach 150
* P65 Landing (AUTO) 100
% P66 Landing (ROD) 100
* P67 Landing (Manual) 100
* P70 DPS Abort 100
% P71 APS Abort 100
TOTAL MISSION CONTROL PROGRAMS 4479
MIT PAD 1615
GRAND TOTAL 36382
REMAINING FIXED MEMORY 482

* - Indicates program and routines that will be omitted from the Earth Orbital
LM Program (Sundance).
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SECTION 9

"E'" AND "R" NOTES PUBLISHED DURING THE REPORTING PERIOD

E-2172 Cloud Obscuration of Apollo Landmarks Derived from Meteorological
Satellite Observations, September 1967 (U)

E-2185 Landing Radar/LGC Interface Experiments, Part II - Flight Test Data
Package, September 1967 (U) :

E-1142 System Status Report (Rev. 53), October 1967 (U)
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