Foreword

The enclosed collection of memoranda were written by Howard W. “Bill”
Tindall, Jr., the former Director of Flight Operations at NASA’s Manned Spacecraft
Center in Houston. They document key technical decisions made between 1966 and
early 1970 for all unmanned and manned flights through Apollo 13, and became widely
know as “Tindallgrams.” Astronauts, flight controllers, and engineers took part in this
planning, and many have lamented that they had lost track of their copies, so we have
bound this set together for them. As Buzz Aldrin remembered, “Bill had a brilliant way
of analyzing things and the leadership that gathered diverse points of view with the
utmost fairness.”

In 1966, Apollo Spacecraft Program Manager George Low made Tindall
responsible for all guidance and navigation computer software development by the
Massachusetts Institute of Technology. Bill quickly grasped the key issues and clearly
characterized the associated pros and cons, sometimes painfully for us, but his humor,
friendliness, and ever-constructive manner endeared him to all of us.

In 1967, Low put Tindall in charge of a group called Mission Techniques,
which was designed to bring together hardware development, flight crew procedures,
mission rules, and spacecraft and control center computer programming. According to
former MSC Director Christopher Kraft, “Those meetings were the hardened core of
Apollo as far as operations planning was concerned. That’s where the famous
Tindallgrams came from.” He continued, “It would be difficult for me to find anyone
who contributed more individually to the success of Apollo than Bill Tindall.”

Those of us who took part in those meetings and other interactions with Bill will
always appreciate another aspect of his contribution. . . he made it a lot of fun!

May 31, 1996

Malcolm Johnston

The Charles Stark Draper Laboratory, Inc.,
Formerly the MIT Instrumentation Laboratory
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Spacecraft computer program requirements for AS-207/208, AS-503, and
AS-50L

On May 13 and 1%, 1966, a flock of MSC people met with MIT people in
Boston to discuss the spacecraft computer program requirements for mis-
sions AS-207/208, AS-503, and AS-504. This memorandum is probably one
of several on the subject you will be getting in the near future. My
main purpose i1s to describe the situation as it exists on these important
programs; it is not altogether a happy one.

Our basic problem seems to center on the time available to prepare the
computer programs for these flights and on the fact that the computer

is not big enough to contain all of the programs which appear to be either
required or highly desirable for the mission. According to MIT estimates,
the programs which had been identified as needed for the CSM on the AS-
SO4 mission are in the order of 15,000 words in excess of the 36,000

word computer. The LEM computer storage capacity was exceeded by about
6,000 words for the LORS configuration and 4,500 words for the radar con-
figuration. )

Since we have assumed a basic ground rule that no routines would be in-
cluded in the AS-ZOT/ 208 programs which are not in the AS-504 program,
our first task was to reduce the AS-504 program requirements to a point
where the CSM and LEM programs would fit within the computer storage
available. After doing this, we went through the AS-504 pro and
determined which processors could be omitted from the AS-207/208 pro-
grams 1f the overall schedule situation would be improved by their dele-
tion. Accordingly, our task at this meeting was to identify the lower
priority routines with an understanding that no further work would be
done on them and they would not be included in the computer programs
for the AS-207/208, AS-503, and AS-504 flights. It was evident from
the start that there were very few programs which could be easily de-
leted. In fact, it was a very painful process. For the most part,
"requirements" could only be dropped at some cost in probability of
mission success or by putting a greater workload on the crew or reliance
on ground support. We did adopt a basic ground rule that obviously
flight crew safety could not be impaired.

We were successful in our task to the extent that the program require-

ments were reduced to a point wherein a reasonable chance of their fit-
ting into the computer storage was assured. In addition, we identified
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the next computer routines which would be deleted in the event storage
was ultimately exceeded, forcing the removal of more routines. I would
like to list a few of the programs which were deleted to give you a
feel for the situation. For example, the following routines were re-
moved from the command module computer program: :

l. Concentric flight plan routines, which provide an onboard cap-
ability for computing the first two maneuvers of the coelliptic flight
Plan, setting up proper initial conditions for terminal phase, were de-
leted. Since flight crew safety is implicit in the rendezvous capsbility,
we (MPAD) have accepted a task of identifying the various failure situa-
tions in which the command module must rescue the LEM to assure ourselves
that this capability will still exist with these programs not available
to the crew. This is not certain at this time.

2. Programs used for computing attitude maneuvers were deleted.
These programs were used in the guidance system for automatically making
minimm fuel attitude change maneuvers while avoiding gimbal lock. It
is obvious that these routines would be used even in a nominal mission,
but it is felt the pilot could do the job instead of the computer, al-
though probably at some extra cost in our precious RCS fuel.

3. It was identified that deletion of the capability to take over
launch guidance of the S-II and/or S-IVB stages of the Saturn by the
command module guidance system would considerably relieve our computer
storage problem. - However, it has been directed by RASA Headquarters
that this capability be provided. Accordingly, steps are being taken
within MSC 1n an attempt to relieve this Headquarters requirement, which
is primarily one of improving probability of mission success with in-
direct and hopeful acceptable implications on flight crew safety.

4, Programs were being supplied to enable guidance system to exe-
cute maneuvers necessary for inserting the spacecraft into orbit or
for landing in a preselected launch abort area by use of a spacecraft
SFS maneuver in the event of a late launch abort. These routines, which
. Wwere originally scheduled for AS-20% but were deleted from that flight
due to schedule problems, were also deleted from the AS-504 program.
This is more serious, however, since ground support of Saturn V aborts
is more limited than for the 200 series missions. '

5. Several other actions were taken to relieve the storage problems,
such as deleting some programs from the flight ropes which support pre-
flight pad tests. (It is not intended to delete the tests but rather
to support them in another way.) In addition, action designed to stream-
line the program weas initiated.

6. Identified as the next progrsms to be deleted, if it turms out
to be necessary, are the stored star catalog and the automatic star se-
.lection routines which the pilot would use routinely even during a nomi-
nal mission for platform alignment. Deletion of these routines would
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force mamal selection of which stars to use for this purpose and vould
require that their characteristics be mamually keyed into the computer.

It is evident that the above programs would be extremely valnable during
the lunar and AS-20T rendezvous missions, and the necessity of deleting
these programs is probably the best indication of how critical the com-
puter storage problem is. . :

Deletions in the LEM program were similar. It was interesting to note
that the LORS configuration requires about 1,500 more storage locations
than the radar. Thus, if the radar wins the guidance system olympics,
we will recover this nice bomus. Generally speaking, however, it ap-
peared that the computer storage problem was more severe on the command
module computer than on the LEM at this date.

I would like to include a couple of remarks here regarding the programs
for the AS-207/208 mission. Since it is intended to use only AS-504
programs and since it is possible to fly the AS-207/208 mission with a
mumber of the CSM AS-504 programs omitted, by definition we do not have
a storage problem for that mission. Our problem here--and it is a seri-
ous one--is that MIT maintains that we are considerably behind schedule.
Although we intend to initiate action designed to improve this situation,
it has been recommended by MIT that a mumber of the AS-504 programs

be deleted which are not essentiasl for the AS-207/208 mission. Some of
us at MSC are concerned that, although this may improve the schedule
situation for AS-207/208, it may damage the schedule for AS-504, which
is probably even more undesirable. Accordingly, we intend to review
very carefully the overall schedule situation before any of the AS-504
programs are omitted from the AS-207/208 programs. At the very least,
it is intended that all internal program interfaces be provided to in-
sure the maximm similarity between the AS-207/ 208 and AS-SO’& programs.
In fact, it may even prove desirable to substitute dummy programs for
each of those deleted from the AS-504 program. MIT was in complete ac-
cord with us on this matter.

MIT is still expressing concern over their ability to define, design,
and implement the concentric flight plan routines in time for including
them in the AS-207/ 208 LEM program. However, they indicated that they
could contimue with development of the Guidance System Operations Plan
(GSOP) for the AS-207/208 with those capabilities included for at least
six weeks without any schedule impact. Thereafter they feel that if
they have not arrived at an acceptable solution, it may be necessary
to drop these routines, which are considered mandatory by MSC, from
the AS-207/208 program. I personally have every intention of making
sure that they are not dropped, but there seemed to be no need to argue
this point at this time since it bas no influence on the curremnt course
of action. -

At the conclusion of the discussions of the AS-504 programs, MIT agreed
that there was nothing more MSC could do to enhance the schednle situation

3
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for the AS-504 program. That is, further deletions of the program re-
quirements would not help in any way. This was stated and restated

several times to imsure that MSC would not subsequently be notified
that schedules could not be met as a result of excessive demands by
MSC in the area of program requirements.

e OO e
Howerd W, ndall, JdT.
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SUBJECT: Comments on the AS-20T/208 Preliminary Spacecraft Reference Trajectory

TRW Systems released the AS-2OT/208 Preliminary Spacecraft Reference
Trajectory during the first week of May. This report was put together
on a compressed schedule, starting from rather hastily defined missjon
requirements. As a result, there are a number of things about it which
- were recognized as being in error even before release; however, since
we have started so late in the development of this mission plan, it
was felt the release of a rough cut such as this was better than to
delay for a more polished one. This is not to criticize the TRW re-
port; considering the conditions they did a good job. However, since
a large number of directly concerned people were interested in learning
about this mission plan in detail and since it was desirable to identify
as many corrections as possible right away, I set up an informal pre-
sentation by TRKW on May 11, to be attended by whoever was interested.
At this meeting TRW reviewed the trajectory-oriented aspects of the
AS-207/208 mission plan with primary emphasis on the four rendezvous
exercises currently scheduled. The purpose of this memorandum is to
document the discrepancies and open items discussed during the meeting.
Assignment of action items was not the objective of this meeting and
none were assigned.

I would like to start out with a personal observation about this mission:
Beyond a doubt, this mission plan is presently at least an order of mag-
nitude more complex than any mission we will have flown before it. It
was designed in an atlempt to satisfy an overwhelming list of mission
objectives established to test out spacecraft systems and crew proce-
dures, both for nominal and for contingency situations. It is my feeling
that, unless these mission objectives can be considerawly cut back, we
may be embarking on an unrealistic undertaking, including the develop-
ment of a nominal mission plan which can really satisfy all of these
objectives, the development of complex crew procedures, both to carry
out that plan and to handle contingency-contingencies, and, perhaps

most significant, the dumping of an overwhelming, if not impossible,
load on the flight crew, hot only for preparation and training for the
mission, but also its actual execution. This crew will be expected to
check out the first Block II CSM, man and check out a LEM for the first
time, perform three or four completely different rendezvous exercises
with different guidance systems and procedures, carry out two EVA exer-
cises, perform a number of contingency operations, such as switching
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over from one guidance system to another during primary engine burns,
similate crew rescue in terms of both rendezvous and crew transfer from
one spacecraft to another by EVA, and so forth. It is to be noted that
all of this is supposed to be done with spacecraft which have been de-
signed for a specific mission--the lunar landing. That is, they have
not been developed with operational flexibility as a design criteria.

And so with that introduction, I would like to record here a number of
the specific comments of this discussion:

1. CSM/S-IVB Separation: The Preliminary Spacecraft Reference
Trajectory has the command module separating from the S-IVB after 1 hour
and 41 minutes of mission time. We were informed that agreements cur-
rently in effect with MSFC call for the CSM to stay with the S-IVB for
at least two orbits and unless there is some problem associated with
this, it would probably be preferable to retain that procedure.

2. S-IVB Venting: There was some question as to how we would han-
dle the problem.of spurious S-IVB venting in the event rendezvous is
not carried out at the time scheduled. Of particular concern was the
possibility of venting during the latter part of the rendezvous, with
the problem becoming more critical during the braking and docking man-
euvers. According to the Apollo Spacecraft Program Office (ASPO), MSFC
is waiting for a set of ground rules from MSC defining how the venting
situation should be handled. ’

3. Braking Gates: Based on mission requirements established by
ASPO, TRW showed a maneuver being made at the first braking gate to
reduce the closing velocity to 20 ft/sec. The consensus shows that
this magnitude is somewhat too low in that it tends to undesirably
stretch out the terminal phase, which increases the possibility of the
situation deteriorating, as well as possibly costing more fuel.

L. Priority of Mission Objectives: Repeatedly throughout the meet-
ing we came upon situations in which mission objectives were in conflict
with each other and/or were undesirable in terms of excessive consumable
usage or mission complexity. Accordingly, it seems highly desirable
that the ASPO review the mission objectives and assign priorities.defin-
ing the relative irmortance of the various mission objectives in order
that meaningful mission planning can be carried out both in advance of
the mission and in real time.

5. Recontact: Another problem area reidentified at this meeting
dealt with the possibility of recontact of the spacecraft with either
of the S-IVB's or the LEM nose cone. Obviously, attention must be given
to the relative motion of all the many orbiting objects associated with
this mission.



3

6. Stroking: When and how the stroking tests are to be carried
out still remzins ill defined with regard to such questions as the nec-
essary propellant leading in the LEM at the time of the test, nature
of network coverage required, etc.

T. Crew Rest: Ground rules associated with the crew rest periods,
such as wtether cr not it is permissible or necessary that all crew mem-
bers do sleep or do not sleep at the same time, has a heavy impact on
the scheduling of the various activities. Accordingly, it is necessary
that ground rules associated with crew rest be established at the earliest
possible time.

8. CSM/LEM Separation for Re-rendezvous: In each of the re-
rendezvous exercises, TRW included a considerable period of time between
actual disconnection of the two spacecraft and the time at which the
first major maneuver is made to establish the desired conditions for
carrying out the terminal phase of each of the re-rendezvouses. It
was agreed that the procedure TRW had included in the Preliminary Refer-
ence Trajectory seemed as good as any; however, prior to-development
of the follow-on documentation, it seems advisable to give further con-
sideration to how we actually want to set up this procedure.

9. Minimum SPS Maneuver: A rather lengthy, but inconclusive, dis-
cussion centered on defining the mininmum SFS maneuver which could be
carried out. This has particular influence on RCS propellant usage
in that the larger this minimum SPS mancuver is set, the more likely
it will be necessary to carry out maneuvers with the RCS. On the other
hand, it was noted that the capability of controlling the SPS engines
for these small maneuvers leaves something to be desired in that large
residual tumbling rates can result if the SIS thrust vector is not di-
rected through the spacecraft c.g. and sufficient time is not given for
the guidance system to compensate for it. RCS fuel would then be re-
guired to stop the rates.

10. Extra-vehicular Activity (EVA): The situation regarding EVA
is still badly clouded. ‘his is the case in terms of how many EVA ex-
ercises should be carried out, when they should be scheduled in the
mission, whether the spacecraft should be docked or undocked, and, in
fact, even includes what appears to be a need for re-evaluating the
associated mission objectives. One thing that was clear, however, was
that not enough time hed been included for these exercises. TRV had
provided about l%'hours, whereas the Flight Crew Support Division (FCSD)
feels that 4 to 5 hours would be a more accurate estimate. It was also
noted that, as scheduled by TRV, ground coverage was inadequate particu-
larly cousidering the fact that this will be the first EVA carried out
in the Apollo Program.

11. Spacecraft Guidance Switchover: Mission objectives have been
established which call for switchover from the primary to the backup
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L¥M guidance system during powered maneuvers. In order to provide rzn-
euvers of sufficient magnitude to evaluate this procedure, it was nec-
essary to orient them such that much of the energy is dissipated out-
of-plane. Simultaneously, an in-plane component is provided for estzhb-
lishing the initial conditions for the re~rendezvous terminal phase for
each of the LEM active re-rendezvous exercises. This whole activity
seems highly undesirable in that it increases the complexity of the
mission to a great extent, has a good chance of fouling up the re-
rendezvous exercise, and presents serious operational problems. For
example, the platform alignment must be in an attitude different than
would be used in an actual lunar mission in order to avoid gimbal lock.
In addition to perturbing the navigation carried out by the primary
guidance, it presents special problems with initialization of the

abort guidance system which is prograrmmed to assume that the primary
inertial reference is aligned in the orbital plane. This is one exan-
ple referred to in the previous note regarding relative priorities of
the various mission objectives.

12. Ground Coverage Versus Lighting: The Preliminary Reference
Trajectory was prepared such that all maneuvers were scheduled to occur
over ground stations to the greatest possible extent. No consideration
vas really given to the lighting conditions for the rendezvous. This
was intentionally done since the Preliminary Reference Trajectory was
needed to supply the necessary information to make reasonable trade-
offs prior to preparation of the Reference Trajectory. It is obvious
that there will be a direct conflict between station coverage and
lighting which must be resolved prior to preparation of the Reference
Trajectory. Flight crew requirements associated with this are urgently
needed.

"13. ILEM RCS Usage: It was noted by several of the participants =zt
this meeting that the Preliminary Reference Trajectory as presented ex-
ceeds the LEM RCS capability in that ullage is only available when the
down-firing jets are used since there is no planned interconnect on
this flight. Did I say that right?

1:. Docked DPS Burn: There was considerable discussion regarding the
LEM Descent Propulsion System (DPS) maneuver in the docked configura-
tion. In particular, there was concern as tc whether it should be car-
ried out as scheduled early in the mission or as part of one of the
re-rendezvous exercises. Although there were problems associated with
both, the consensus was to leave it as scheduled; that is, one of tue
Hohmann transfer mzneuvers to place the CSM/LEM in the 180 n.m. circu-
lar orbit prior to the first re-rendezvous exerc1se. ’

15. Fire-in-the-Hole: It appears that requirements associated with
camera coverage of the FITH should be established -as soon as possible.
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There are undoubledly other items I should have included here that I
cither missed or forgot. At least they won't make this memorandum

any longer than it is.
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FROM : FMl/Assistant Chief, Mission Planning 66-FM1-64
and Analysis Division

SUBJECT: CSM orbit determination using the LEM radar

Apparently it is planned to use the LEM radar while that spacecraft

is sitting on the lunar surface to determine the CSM'!'s orbit. I am
told that the radar angle data accuracy is so poor it will not even

be used; the command module's orbit determination will be carried out
with range and range rate observations. Considering the extremely slow
rotational rate of the moon, I cannot for the life of me understand how
it will be possible to accurately determine the orientation of the com-
mand module's orbital plane. I am told they iantend to do this after
the command module has made a plane change, which occurs a couple of
orbits before LEM ascent, and the results will be used to establish
orbital insertion conditions for the LEM launch targetting..

Could you analyze the situation, determining kow well the various
orbital elements may be determined for the following data ‘gathering
periods: (a) one-half pass, starting from horizon to directly over-
head, (b) one complete pass from horizon to horizon, and (c) two
complete passes from horizon to horizon. I am also interested in
being informed about the correlation of the various orbital elements;
for example, orbital period and orientation of the plane.

I may have this all messed up and perhaps they do not really intend

to do the things in the way I understand it, but I certainly would ap-

preciate it if you would make a rather abbreviated, order of magnitude

type, analysis of this within the next couple of weeks in order to de-

termine whether it is even reasonable to include such a program in the

LEM computer or alternatively if it must be modified to make it insen-

sitive to small bias and random errors in the radar data. I just can't
help comparing this to a single radar statiomn on the ground where con-

ditions are far superior and our results are not red hot.

C:ELNSQ 5 W

Boward W. Tindall, Jr.

ce: _
(see attached list)
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FMl/Assistant Chief, Mission Planning 66-FM1-TO
and Analysis Division

Spacecraft computer program status report )
’ \é
Tom Gibson and I went to MIT on May 25 and 26 with one of our primary
objectives to determine exactly what the program schedule situation
was for the AS-504 (AS-207/208) spacecraft computer programs. Al-
though we had a number of very fruitful discussions with MIT people,
such as Ed Copps, Dick Battin, John Dahlen, and Bob Mallard, on this
subject, we really did not find out what we wanted to know. However,

I am very encouraged to see the enthusiasm and vigor with which Ed
Copps is attacking this problem.

EQ has set June 3, 1966, as a target for getting out the first cut at
a Program Development Plan, which he is anxious to talk to us about
during the following week. In fact, he intends to come down then not
only to talk over the program as he has put it together but also to
discuss its preliminary output regarding the AS-207/208, 503, and 50L
schedule situation. Tom and I concluded that it would be better to
accept this delay than for us to attempt to do the job ourselves,
which is for all practical purposes the same thing he is trying to
do. Our main objective, of course, is to find out what the pacing
items are so that maximum attention can be given to these items in
an attempt to bring what is expected to be an unacceptable schedule
more into line. DPossible lines of attack are as follows:

" 1. Review and, if possible, reduce or simplify our requirements
involving the pacing programs.

2., Give top priority to programmers working on those routines
for computer access. .

3. Authorize somewhat inefficient use of computer storage by
those programmers to speed up the coding process, even at the sacrifice
of deletion of other routines.

4. Reassignment of personnel to the critical areas even though
inefficient.

5. Reassignment of certain tasks from people working on the criti-

cal systems to other groups, such as AC Electronics, MSC, or other
internal MIT units, etec.
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It is not our intention to dispute MIT estiuwates of time required to
carry out specific tasks, shortening the time to anticipate delivery,
by telling them to do a job in two months which they feel requires
three; although, of course, these estimates must be carefully examined
to assure ourselves we are getting the correct picture.

It is to be emphasized that we must look at the overall schedule situa-
tion and not Jjust the program for a specific flight.. There are obvious
interactions and trade-offs that could be made between the programs

for AS-207/208 and those for AS-503 and AS-504. If all efforts to re-
main within the flight schedule fail and the programs do become pacing”
for these flights--as they very well could be--we must be in a position
to understand the trade-off of flight schedule delays of one mission

as compared to another.

A couple of items which Ed Copps did tentatively identify as problem
areas which might be influencing the schedule are the following:

1. Special guidance programs are required to enable yaw steering
during the 1u2%r orbit insertion maneuver, providing for plane change
in excess of . Ed says the Design Reference Mission calls for a 12
capability, although he doubts that other spacecraft systems constraints
would permit such great plane changes. Accordingly, he asked us to
re-examine this specification to determine if we could live with a
plane change capability, thereby avoiding the necessity of formulating
and including these special guidance programs.

2. Everyone at MIT seems to feel that the preparation of the Guid-
ance System Operations Plan (GSOP) is the most critical of all items
since so muich of the work must be delayed until this final definition
of program requirements is finished. Accordingly, we will attempt to
take all possible steps to assist MIT in this work, including having
MSC people statiored at MIT to assist in the development of the GSOP
and, almost simultaneously, giving MSC approval of it. Also, it is
intended to work on the more critical pacing items first as ones are
identified and initiate procedures whereby official MSC approval can
be obtained on these parts as they are completed rather than waiting
for delivery of the entire package.

I'd like to make one final observation regarding the overall situation.
It's probably terrible; I really don't know yet. But it's my feeling
that everything that can be done to help has been done. We are reacting
to the problem areas as fast as possible; MIT has reorganized in what
seems to be the best possible way, and they appear to be getting things
on a businesslike basis, which up to now has probably been our worst

problem. :
| (’_i;:lyﬂjk/f::;‘——ﬂ___-_——_—_‘

- Howard W. Tindall, Jr.
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Analysis Division

SUBJECT: Apollo rendezvous guidance computer program options

The.purpose of this memorandum is to inform you of two special features
of the Apollo spacecraft rendezvous guidance computer programs you may
not be aware of since we just added them to the system.

First of all, you recall that both spacecraft--the CSM and the LEM--
have rendezvous guidance systems. In order for the computers to deter-
mine what maneuvers are required to bring about rendezvous, the basic
thing each of the computers needs is the state vectors--that is, orbital
elemcnts--of both vehicles. Up until now, all thought has apparently
been given to the LEM program. Since the CSM is supposed to be passive,
all radar data is used to update the LEM state vector, based on the
assumption that the CSM it is tracking is in a well known, unchanging
orbit. Also, as the LEM makes maneuvers, the guidance system senses
them and so there is no need for a pilot input to the computer to in-
form it that they were made. However, when we consider what's going

on in the CSM, or in the LEM during a CSM rescue, this doesn't look so
hot. )

First of all, the computer may really have a better defined state vector
for its own spacecraft, making it more desirable to update the state vec-
tor of the other vehicle. Therefore, pilot control is needed over which
spacecraft state vector should be updated based on the radar and optical
observations. This will allow the pilot to exercise his best judgment

as opposed to providing some sort of automatic logic built into the com-
puter program. Also, if the other vehicle maneuvers, the computer won't
know it unless informed by some external source, like the crew. For this
reason and others, it is also necessary to include in both the CSM and
LEM computer programs the capability for the pilot to input to the com-
puter the fact that the other spacecraft is making a maneuver such that
it can be taken into account in maintaining the best current state vector
of each spacecraft in each spacecraft's computer.

Accordingly, both of these options are being provided; that is, the crew
will inform the computer which spacecraft state vector should be updated
and he shall also input to the computer all necessary information when the
other vehicle makes a maneuver. Associated with this latter capability
is the need to assure that the observational data is not improperly used.
Therefore, in order to avoid complex and sophisticated computer logic, we
have decided to again utilize the crew's capability to understand the
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situation and control the computer processing in the following way. The
pilot will interrupt the computer program at the time it is planned that
the other vehicle will make the maneuver, which will cause the computer
to reject all tracking data until the actual [A\V of the maneuver is input.
He will have to get this information by voice from the other spacecraft
after the maneuver is executed, of course. This procedure will assure
that the quantities which are input are the most accurate available and
should assure that the observational data is used properly.
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Howard W. Tindall, Jr.
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Capability to do orbit navigation in earth orbit will not be implemented
for AS-207 or AS-50L.

MIT currently has plans for supplying a number of different modes for
using their basic orbit determination program. (MIT calls this process
"navigation,” so I will, too.) These modes differ in that there is a
variety of types of observational data used during different mission

phases.

In our'attempt to simplify the AS-SOM spacecraft computer program, we
are reviewing the overall situation to determine that no unnecessary

‘modes are included. For example, there is no need to perform orbit

navigation while in earth orbit for the lunar mission or any recognized
contingency situation. This particular orbit navigation mode was to
utilize star/landmark observations along with other earth orbital ser-
vice routines and special initialization capabilities to determine the

'spacecraft state vector prior to the translunar injection maneuver. - -

Since this program is not required for the lunar mission, MIT will be
directed not to include it in the AS-504 program. Since we do not in-
tend to implement any programs especially for AS-207, unless directed
otherwise, it will be dropped from the AS-207 computer program as well,
which means that the CSM will not have the capability of determining
its own orbital elements during that mission.

Accordingly, it will not be possible to satisfy that mission objective'

as referenced in TRW document 2132-HOO8-R8- coo, "Mission Requirements
for Apollo Spacecraft Development Mission AS- 207 /208," dated March T,

1966, classified Confidential. Z

Howard W. Tindall, Jr.

Buy U.S. Savings Bonds Reglarly on the Payroll Savings Plan /S
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Determination of relative CSM orbit

Jim, this is just a rerdnder of conversations with you and Emil about

a job I'd like your people to do. In thinking more about this orbit
determination task wherein the LEM determines the CSM orbit while sitting
on the lurar surface, I wonder if perhaps MIT has lost sight of our pri-
mary obJectlves thus leading them to the conclusion that they should use
‘only range and range rate data.

The only purpose of this orbit determination, as you recall, is to deter-

- mine the orientation of the CSM's orbital plane for use in targeting the

LEM ascent guidance and to select a lift-off time which mist be within a
few seconds of optimum. It is not to obtain some sort of a precision
total state vector of the CSM. Based on these ground rules, I just can't
believe that the angular radar data, even with relatively large biases,

. cannot be useful if properly weighted, and I would think that it would

provide a great strength or reliability to the process, which I would
consider mandatory. That is, we are much more interested in assuring
ourselves of getting a pretty good answer all the time rather than an
excellent answer some of the time.

The questions to be answered are: should we or shouldn't we use the angu-
lar data, even with large biases, and how do we take maximum advantage

of our external knowledge, such as the CSM's own. orbit determination
(though it's not with respect to the LEM). Don't forget, this data
processing mist be entirely automatic. The crew will never have time

to learn how to operate all those statistical filters, etc., whatever
they are.

Emil said he would start something here, but I wanted to make sure you
were aware of it and concurred and, in particular, would give it some

of your own personal attention. Perhaps these remarks belong at the top,
but I'd just like to reiterate that as much as I distrust it, I'm afraid

. our best source of relative orbit determination for this particular mis-

sion phase may be by the LEM radar data. I doubt if the CSM will ever
see the LEM on the surface, at least we'd better not count on it, and the

- MSFN tracking certainly can't figure out where the LEM is. OQur other

source is the G&N state vector T/M at LEM touchdown, whlch is probably

the best, 1f the antenna are pointed at us. (__;_____————————

Hovard W. Tindalg, Jdr.

r
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No speéial program available for targeting the CSM plane change in
lunar orbit

As I understand it, it is currently planned to make a plane change with
the CSM in lunar orbit within the last several revolutions prior to LEM
ascent. The purpose of this maneuver is to optimize the sharing of man-
euver (propulsion) requirements between the CSM and the LEM.

This memorandum is to inform you that there is no computer program cur-
rently planned for either the CSM or LEM spacecraft computer to carry
out the targeting for this CSM plane change. In other words, in final-
izing the onboard computer program requirements for the AS- 50& mission,
we are assuming that the targeting for this maneuver will be carried out
by some source external to the computer, such as pre-mission planning in
the form of crew charts or from the MCC in real time.

Of course, the programs needed to execute this maneuver will be avallable
although not provided specifically for it.

Howard W. Tindall, Jr.

Buy US. Savings Bonds Regularly on the Payroll Savings Plan
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LEM radar angle bias correction

As you know, the rendezvous orbit navigation process involves updating
the spacecraft state vector based on the spacecraft radar data. How-
ever, the.radar apparently has unacceptably large angular bias errors
for some reason. Instead of fixing the damn radar, someone decided to
include in the LEM spacecraft computer program the capability of com-
puting these radar angle biases at the same time the spacecraft state
vector is updated. Once these biases have been determined to the com-
puter's satisfaction, they are not updated further; that is, they are
assumed to remain unchanged thereafter.

There is a contingency, however, which would cause them to change, so
I'm told, and that is if the LEM were to undergo loss of pressurization.
It had been MIT's intention to provide an option in their rendezvous or-
bit determination program to reinitialize the computer such that it would
redetermine the radar angle biases in this event. However, in line with
our campaign to simplify the computer program, this option is being de-
leted, which means that, in the event of spacecraft pressurization loss,
the radar angle bias may be in error by some fraction of a degree. This
does not disable the rendezvous guidance system, but rather may cause
some loss of efficiency in the use of propulsion fuel. Just how much
depends on when it happens, of course, but the maximum extra cost is
not expected to exceed about 50 ft/sec. Wetll get a better estlmate

of this cost and make sure 1t‘s acceptable.

Ed Lineberry, how about you getting that done. In the meantime, we're
telling MIT to take this option out ess we're directed otherwise.

MQ@T/QM\%S

. Howard W. Tindall, Jr.

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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Rendezvous terminal phase guidance program in the Apollo spacecraft
conputer

On July T, 1966, a team of MSC and MIT "experts in rendezvous" (in-
cluding Paul Krzmer. EQ Lineberry, John Dahlen, and Norm Sears) met

at MIT to discuss and review the preliminary Guidance System Operation
Plan (GSOP) which MIT has unofficially distrituted, covering the termi-
nal phase and External.AN‘programs for the AS—207/208 mission. Tais
meeting was sort of a mile-pebble in the accelerated program develod-
rent sequence we have established in an attempt to get all this business
on schedule. Taat is, we are obtaining bits and pieces of the GSOP as
they come off the MIT press rather than awaiting receipt of the formally
published, final document. '

It is our hope that, by reviewing and commenting on these pileces as
they-become availatle, the GSOP should be virtually acceptable without

" modification on the date of its publication and should permit the coir-
puter program development to proceed much more quickly than it has in
the past. We had previously discussed these mission programs and our
pilot irput and display requirements for them in detail a month or so
ago with MIT, and the Dieces of the GSOP I am talking about here re-
flected that input very well. Therefore, most of the discussion was
for purposes of clarification to assure a firm understanding on both
MSC's and MIT's part as to what this program was really going tco do ard
how we were going to operate it. Basically, very few modifications wers
considered necessary.

In my opinica, this meeting was highly successful; and, since these
processors~~-the terminal phase and External.AV—-are the most signifi-
cant new requirements and the most controversial of the mission pro-
grams, I feel we are protably over the hump as far as defining the
program for the AS-207/208 mission.

I would like to poin% out here the two items given the most attention
at this meeting since they serve well to descrite the character of the
terminal phase rendezvous guidance philosophy:

l. One of the capabilities of most interest which we have provided
was the display of range, range rate, and the angle the spacecraft X-zxis
makes with respect to the local horizontal. It was decided to make these
three quantities available at crew regusst ot any time the data was
available. (Tris stuff is us=d for carrying out the crew backup droce-
dures.) Conirary to one of my previous revorts, these quantities will

Buy US. Savings Bonds Regularly on the Payroll Savings Plan /9
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all be computed based on the current best estimate of the two spacecraft
_state vectors. (We had previously expressed an intention for the com-
puter to display raw radar range and range rate in the LEM.) Our action
in this case was based on our desire to make the CSM and LEM computer
programs as much the same as possible, and, since the raw radar data is
available on what is said to be a highly accurate analog display in the
LEM, we have not really lost anything. In order to make this particular
feature of the program as independent as possible from the automatic
guidance system processing, we have divorced the display of these quan-
tities from the activity associated with the primary guidance system to
the maxim:m extent.

2. Based on Gemini experience, the crew has emphasized that there
is no requirement for automatic execution of the braking maneuvers by
the G&N system. As previously reported, it is felt that this task can
be carried out just as well, if not better, by the crew if they are pro-
vided the proper information; namely, the range and range rate data.

At least this is true in the case of the nominal mission and most con-
tingency situations, and we want to take advantage of that. However,
there are occasions when automatic control of these maneuvers by the

G&N might be mandatory. For example, visual acquisition is required for
the crew to carry out this task, and under some abort situations lighting
ccnditicns can be unacceptable. Also, there are abort cases in which
the closing velocity is too high for effective mamual control. Recog-"
- nizing that procedures are available for utilizing the remaining com-
puter processors to carry out the G&N controlled braking maneuvers by
proper pilot manipulation of the computer, we deleted the requirement
for automatic computer logic for this task. The point is, we felt that
there was inspfficient justification to carry out the extra programming,
debugging, verification, and documentation, as well as using some 50 to
100 words of precious computer storage, for a program which was not
needed, except in rather remote contingency situations, as long as pro-
cedures were available to handle all situations. And, they are.

The final GSOP shall reflect these characterlstlcs, otherwise, it was
accepted pretty well as is.

In the course of our discussions, I learned some rather interesting things
about the commard module which I must say didn't impress me very favor-
ably. In fact, I really wonder (i.e., doubt) if it is possible for one
crew member to carry out a rendezvous in the CSM. For example, the only
observational data available to the computer is from the sextant, and
that requires manual tracking and inpidt of observations into the computer.
(The LEM has automatic radar tracking with its data available to the
computer as it periodically requests it.) And, of course, in order for
the pilot to use this system, he has to be down in the navigation area

of the spacecraft, which means he has to quit making observations some-
time before any SPS maneuver to get strapped into His seat. On top of
that, the sextant apparently can't be oriented along any of the major

24
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spacecraft axes, which makes it necessary to orient to some attitude
not consistent with making RCS midcourse maneuvers.

I'11 bet that when we finally get a crew timeline on a CSM one-man
rendezvous, he has to do it without any observational data available
to the computer after about 15 mimites before TPI. If my guess is
right, in effect we have provided practically no CSM G&N rendezvous
guidance system, and thus the job will end up being carried out pretty
mich using the crew backup procedures. Boy!

ward W. Tindall, Jr.
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Notes regarding the AS-207/208 Cuidance Systems Operation Plan (GSOP)
meeting with MIT

During the wcek of August 15, we held a review of the AS-207/208 Guidance
Systems Operation Plan (GSOP) at MIT. .Some things interested me which
. I will pass on to you here. I will also include some of the mcre sig-
nificant decisions--that is, direction to MIT--that were made at that

time. .

1. It is currently planned that the astronant will freeze the ren-
d.ezvous maneuver sequence by a menual input to the computer. This will
be done at sbout twelve minutes before each of the maneuvers, including

" the TPI maneuver. It serves to prevent new observational (e. g., radar)

data from changing the maneuver he intends to make next. It does this
by causing the computer to completely ignore 211 new observational data

" obtained between the time of his signal and the maneuver. In fact,

whatever data is collected during that period is pever used, even after
the maneuver has 'been executed.

: 2. Logic is being introduced into the rendezvous navigation program
(i e., the orbit determination used during rendezv:ous) which, in effect,
edits the observational data automatically. Specifically, if the change
-in both the computed velocity magnitude and the computed position of the
spacec aft 1s less than some pre-established amozmt due to the processing
of new observational data, that data is adjudged %o be good and is auto-

. matically included in the solution. If the chang= in either of these

quantities is in excess of some larger pre-established amount, the data
is not accepted (unless the crew permits it), and a program alarm light

.comes.on. If the change in those quantities falls between these two

limits, the data is accepted and used, but the al=rm light would be 1lit.

‘3. MIT was directed not to provide a mode far utilizing Alignment
. Optical Telescope (AOT) data in the rendezvous mawvigation. This had been
tentative]y ‘sBuggested for use in the event of a rendezvous radar failure
-but, based-on the likelihood that the AOT data womld not be of eny value,
:[t va.s decided not to complicate the program to pexmit its use.

h DJ.e to fear of some ambiguity, the computer program is designed
to reJect radar data when, the estmated ra.nge to the target exceeds
m n.m- {:
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The i'.'light crev people have requested that the display of dura-
tion. of time" in. the terminal phase between TPI and TFF be in seconds.

. Bince . this 1d. not one of the standard time display formats, MIT was
~‘directed to Tetain units of hours:minutes:seconds as they proposed

_‘__-;unless ‘the crewv has really good reasons to provide this new format.

" ffom Hardy has the action.

S 4P, As usual, there was a discussion as to the reference to be used
in the display of altitude. MIT was directed to compute and display all
spacecraft altitudes referenced to a spherical earth with radius equal

- to that of the launch pad. This reference was determined to be best,

although not perfect, for rendezvous missions after what seemed to be
endless months of discussion. Coordinates of landmerks used for orbit

. determination, however, will be referenced to the Fischer Ellipsoid.

8. As 8 result of the crew's dissatisfaction with the fixed heads-

- down attitude forced upon them. during SPS maneuvers on AS-204/205, MIT

proposes to eliminate that constraint in the AS- 207/208 programs. The
computer will dlspla.y a "preferred attitude," whith is heads-up, but

' will. not automatically orient the spacecraft to that attitude. As I

understand it, it will hold whatever spacecraft "roll" attitude it hap-
yens to end up with when the thruster axis is properly aligned. It is .
possible for the crew to manually change this attitude if it is undesir-
able by deactivating computer attitude control, then mznually changing

the attitude and relmtiatmg computer control, which will then hold the
new a.ttitude. .

9. No minimm impulse ca.pabiiity is to be implemented in the LGC

-since there appears to be no requirement for this, whatever it is.

10. As usual, the question of navigation (i.e., orbit determination)
in earth orbit came up again. We previously had directed MIT not to in-
clude this capability in the AS- 207/208 mission programs since it is not

-required for the lunar mission.  However, they, and some MSC people feel

it is desirable to provide this capability in order to obtain further
experience with the process prior to going to the moon. Thus, this is
still an open item. It has been agreed, in any case, that orbit deter-
mination using unknown landmarks would not be included, and, although
the provision is being made for sta.r/moon horizon measurements they
will only be used to obtain CDU angles to be transmitted on the down-
link and they.wm not be used in the navigation program.

Norm Sears estimates that the orbit determination process should

be completed within about.ten seconds of accepting an observation. Also,

he would like to establish a procedure whereby data pomts are obtained
at the rate of about one per minute.

22




11. MIT vas directed to delete the guidance reference release (cER) o3
.7‘ ¢ signa.l, dts function to be replaced by the lift-off signal. As I under- v
~ stand 1t, there 1s some controversy over this which Aaron Cohen intends
to resolve a.t MSC.

12. One feature of this program vhich particularly disturbs me, and
many others, is the tremendous amount of work the astronaut must perform
to use the courputer progrem. Of course, much of this comes about as a

" Tesult of the trade-off to provide mission flexibility by giving the
crev the capability of controlling what the corpter is doing as opposed
to having it perform automatically. Another specific example is the
amount of data which must be input to the computer prior to making a man-
euver, including such things as spacecraft weight and inertia, engine
trim angles, tailoff, spacecraft configuration {docked or undocked), and
level of rate response to hand controller inputs. It would certainly
be desirable, if possible, to eliminate as many oIl thesc inputs as pos-
sible, either by putting them in fixed memory--if that is a reasonable
thing to do--or by deleting them altogether. Ther= is some question in
my mind as to how accurately some of them can be determined by the crew,
and we may find that there is no significant advan'tage obtained by up--

“dating them. This will be followed up.

I'm sure there was something else interesting thaf wcame up there, ‘but I
don't remember it right now.

Howard W. Tind=3l31, Jr.
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SUBJECT: Agtanatic rendezvous braking maneuver

e

As you know, MIT is currently designing the command module and lunar
module computer programs without provision for automatic braking
maneuvers. There has been some thought to reversing this direction.
However, Don Cheatham, Aaron Cohen, and I agreed today to proceed es

we are for the AS-207/208 progrems--that is, do not provide automatic
braking maneuvers in the computer progrems--since we are fairly sure
that this capability should not be reguired for that flight. We will
review this decision later for the AS-504 programs, based on experience
gained during the AS-20L mission and from crew training and simulations,
after more camplete crew: procedure are defmed

= wu/h*QQ"\n

Howa.rd W. Tindall, Jr.
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SUBJECT: Sta.tus of ‘bhe Iurar module "quick ret(u'n" gu:.da.nce cape.'b:.ll*y

' ‘Ihis'note is in response to your query regarding the “quick return"
capa.b:t_‘Lity being provided in the lunar module (ILM) for aboris during
the lunar descent phase. As you recall, I reported deletion of a pro-
<-gram in the IM computer for generating coeff1c1ents to be used in an

1 ~ gbort polynomial to retarget the IM powered flight to provide a direct
1ntercept rendezvous trajectory. You asked how far this work had pro-
gessed since you felt such a capability would be "comfortable."

: AI;': e.nswer to that question, MIT infomed me that, whereas the concepts
_weére well established, there was still a considerable amount of work

. Tequired to complete this particular program. Furthermore, we have

*_dlso deleted the direct ascent launch guidance, which is a necessary

- - .companion program. Certainly of mcre interest to you now 1s, what is
+our current capability. :

_ ﬂhe program is being written such that abort action by the pilot durir;
'powered descent will cause the guidance to retarget to the standard M
"-insertion orbit. Incidentally, it is necessary for the astronaut to
‘select which engine, the Ascent Propulsion System (APS) or the Descent
- Propulsion System (DPS) , 1s to be used, depending on the situation.

In any case, following insertion into or’bit, the crew has two choices:
either to proceed with the concentric flight plan, or to use a proces-

“8or which we have retained for just such situations as this, whereby

" the crew may obtain the two-impulse Lambert solution for rendezvousing

. with minimim AV--essentially a direct intercept. In effect, the latte:
provides very nearly the same capability as we have deleted, except th:t

" * the maneuver must be carried out in two steps with some delay--say, fi-e
or ten minutes--between them, as opposed to a single maneuver.

. If the concentric flight plan is chosen, the time between the abort
. action and rendezvous would be about 2— hours with the differential
altitude varying between 42 nautical miles above to the standard 15
nautical miles below the CSM, depending on whether the abort took placec
.. iomediately after initiation of the descent maneuver or at the end of
the hover. The "direct intercept" approach would take about 1% hours
‘but 1s only possible prior to initiation of hover since after that <im:
“." =" the intercept trajectory, unfortunately, also 1ntercepts the moon--Iirst!
Actual procedures have to be settled but I feel we're in pretty good C
s’hape here.
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Pinally regerding turrent status, there are some unresolved problems o
#issociated writh this retargeting which MIT is currently addressing.
-For eximple, if en-abort ‘occurs eariy.in descent, the IM will be near
4, 90,000 feet with orbital velocity. .The current insertion eltitude is S
60,000 feet. Thus; the spacecraft would have to make a large sltitud: :
’E.hange with little ‘increase in veloeity, which would obviously-demand

“some rather wild gyrations of the spacecraft--both highly undesirable
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Alternate rendezvous technique - mission planning status

Since our meeting in your office on the stable orbit rendezvous, Ed
Lineberry and I have met on a number of occasions with other interested
people in an attempt to lay out a schedule of work needed to arrive at
the decision as to how to go on 278 and subseguent missions. This note
is to let you know the things we (MSC) intend to do and when we expect

to get them done. As you will see, most of the work is being done by the
Flight Crew Support Division and Guidance Control Division since the most
significant difference from the old Concentric Flight Plan (CFP) involves
the terminal phase of the rendezvous.

1. Paul Kramer, FCSD, has assigned a task to McDonnell Aircraft Co.
to perform man-in-the-loop simulations of both the stable orbit rendezvous
technique and the CFP with comparable approach velocities. Simlation of
both systems will be initiated with the transfer maneuver. The approach
velocities will be equivalent to the CFP with differential altitude vary-
ing from about 5 to 15 naucical miles. All failures modes will be investi-
gated. It is intended to start this three-week effort on about Septem=
ber 19.

2. GCD has two studies going. The first is an evaluation of the
CSM optical rendezvous guidance system to determine its accuracies and
performance when operating in a stable orbit type rendezvous. The prime
objective of this study is to determine the magnitude of the dispersions
to be expected in the on-board computed maneuvers starting with the
transfer from the stable orbit point. It is anticipated that this analysis
will be completed by mid-October. s

3. The second GCD study concerns the braking phase. Ron Simpson is
in charge of this investigation which is primarily an expansion of one
previously caxried out for higher closing rates. He intends to start
with conditions corresponding to CFP differential altitudes of between
5 and 15 miles. As I understand it, his man-in-the-loop simlations are
usually initiated at about a 10 mile range. The purpose, of course, is to
determine if there is some. preferred closing rate going into the braking
maneuver. These runs will be performed both with and without a cockpit
display of range and range rate. He expects to start this analysis in
mid-September with the results to be available early in October.

~ . TrTe CLL... T ™ oor (. - RN -
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L. We are doing some things in MPAD too, of course, but they are
not as extensive as I indicated they might be during our meeting. E4
Lineberry's people are carrylng out analyses aimed at selection of the
optimum transfer angle(a )and trailing displacement for the stable
orbit rendezvous technique. These two parameters are probably inter-
related growing larger together to keep the closing rate meaningful in
the face of dispersions. We still expect the preferred trailing dis-
placementto be in the order of 15 to 20 nautical miles. At present the
. two prime candidates for @+ are 292° and 330°. 292°, you recall, has
the advantage of providing the same approach conditions - primarily
minimum inertial line of sight rates - as the CFP. This was the transfer
angle used on the Gemini XTI re-rendezvous which, in effect, checked out
a ground controlled (perfectly!) CFP with braklng wlthout a radar similat-
ing a differential altitude of 5 nautical miles. The 330 figure was
Jjointly selected by MSC and MAC for the Gemini XII re-rendezvous based
on lighting considerations and time available to make mid-course correc-
tions. The objective was to provide as large a value oftd'é as possible
while avoiding the unique problems associated with a 360 transfer in
the presence of out-of-plan and altitude dispersions. (Incidentally,
McDonrell is carrying out a considerable amount of work both in terms .
of dispersion analysis and the preparation of flight crew rendezvous
charts. Mach of this work will be applicable to our.effort.)

5. In addition, the mission planning for the Gemini XII re-rendez-
vous is being constrained as much as possible to duplicate the AS-278
initial CSM rendezvous conditions. In particular, we are trying to
duplicate the ground tracking orbit determination capabilities as well as
the relative motion trajectories to simulate the stable orbit rendezvous
technique.

6. As you may recall, we originally estimated development of ten
reference trajectories was required to provide information for the big
decision. We have concluded that it is virtually impossible to do that
much work in a reasonable length of time, regardless of how we redistrib-
ute our manpower. However, RAB is developing a reference trajectory for
the nominal lunar rendezvous assuming an on-time LM lift off. It will be
a two-impulse, minimum A V trajectory to the stable orbit position. Once
this is completed they intend to perturd the LM insertion conditions up
to the 3 Sigma performamnce of the Abort Guidance System and the Ascent
Propulsion System in order to determine the effects of these dispersions
on the Delta V. Their work will be based on the assumption that there
is a perfect knowledge of the situation at the time of the maneuvers and
that they are executed perfectly. EJd anticipates that this work will be
completed around the middle of October.

Finally, we are issuing a program change notice to MIT to provide an
offset rendezvous target capability - trailing position only. I should
point out that some resistance is expected to this program change s
primarily from the FCOD since there are many other capabilities they give
much higher priority which we have not agreed to implement so far. I am
not certain how ASPO will react either since, as I understand it, TRW has
reported to Joe Shea that they see no significant advantage to this
technique.
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Also associated with all this, the AS-20'T/208 Reference Trajectory is to
be issued on about September 23. As you are probably aware, there are a
large mumber of unresolved areas on this complex mission primarily due
to the uncertainty associated with the AS-206 mission; thus, the quality
of this Reference Trajectory is going to be questionable in any case.
Unfortunately it will continue to show the initial CSM active rendezvous
as a CFP type with a differential altitude of 20 nautical miles.
Although it does not correspond to the planned documentation schedule,

I really expect another Reference Trajectory will have to be issued
prior to the release of the Operational Trajectory. Therefore, if we
change to the stable orbit rendezvous, that will either be reflected in
the new Reference Trajectory, or we will issue an addendum of some sort
such as an internal note documenting the change. .

Chris, this has been a tough problem and, believe it or not, we have
"spent a lot of time developing this plan for getting the answers you and
Sig want. If there is something else you think we should be doing, please

let me know. :
e O e B

Howard W. TPindall, Jr.

ccC:

FA/S. A. Sjoberg"
FA/R. G. Rose
FC/J. D. Hodge
FL/J. B. Hammack
FS/H. E. Clements
M;J. P. Mayer
FM/C. R. Huss
FM/M. V. Jenkins -
FM12/J. F. Dalby
FM/13/J. P. Bryant
FM14/R. P. Parten
FM/Branch Chiefs
CA/D. K. Slayton
CF/W. J. North
CF/P. Kramer
EG/R. C. Duncan
EG/D. C. Cheatham
EG23/K. J. Cox
PA/J. F. Shea
™M2/C. H. Perrine

FM:BWT:cm
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Mission rules needed for use with AGC self-check

As you probably recall, we have had an exchange of views and memoranda
regarding the usefulness of the Apollo computer program known as self- -
check. This exchange was started by our attempt to cut the spacecraft
computer program down to an acceptable size for the lunar mission.
Current status is that the self-check programs are still in; however,

I intuitively feel the 504 programs have probably again grown to a
point that we have again overflowed storage and will eventually have

to have another paring down session. I would like to request that

~ your people who expressed an interest in preserving self-check assume

the task of formulating applicable mission rules which could be used
on the lunar mission in conjunction with the self-check programs.
These mission rules would specify exactly what action is to be taken
during the 504 mission, probably as a function of mission phase and
type of computer failure detected by self-check.

_'.'Ifle point is, I would like to make sure that this program really serves
a useful operational function as opposed to a pre-flight function be- -
fore we decide to carry it to the moon at the exclusion of some other
program someone wants. And, of course, if we do retain it in the
system, these recommended mission rules should be very useful to the
Flight Control Division and to the fl:.ght crevw in establishing the

operatlonal procedures.
e O

Howard W, Tindall, Jr.

ce:

CA/D. K. Sleyton
CF/W. .J. North

CF/C. C. Thomas
EG/D. C. Cheatham
PA/J. F. Shea

PD4/A. Cohen

FaA/C. C. Kraft, Jr.
FA/S. A. SJoberg
FC/J « D. Hodge

FM/J « P. Mayer

FM/C. R. Huss ,
FM/M. V. Jenkins - oa
FM/Branch Chiefs
FM2/T. F. Gibson, Jr.
FM:HWT: cm
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Analysis Division
SUBJECT: LGC computer requirements to provide DPS backup of SPS

During our discussion at MIT last week, the question came up as to
whether it is necessary to have trajectory integration techniques in
the IGC for the trans-earth phase of the mission as well as the lunar
phase, The argument is that if we are serious about using the IM
descent propulsion system to back up the command module SFS during
the trans-earth phase, it will be necessary to have this integration
capability as a service program for such things as platform alignment
and maneuver targeting. In fact, this capability would also be
required for trans-lunar aborts using the DPS, I suppose. The more I
think about it, the more I am convinced that this capability should
be included and I am interested in your comments on the subject. Of
course, if you agree I assume you will include it in the 504 LGC
program requirements.

l

- _ ‘ . Howard W. Tindall, Jr.

ccC:
CF/C. C. Thomas
EG/R. C. Duncan
EG/D. C. Cheatham
PA/J. F. Shea
PA/WQ A. lIee
PD/R. W. Williams
JA. Cohen
/0. E. Maynard
™2/C, H. Perrine
FA/C. C. Kraft, Jr.
FA/S. A. Sjoberg
F&/R. G. Rose
FC/J. D. Hodge
FC2/E. F. Kranz
FC3/A. D. Aldrich
FC4/M. F. Brooks
FC5/G. S. Lunney
FM/J. P. Mayer
FM/C. R. Huss
FMi3/J. P. Bryant
FM/Branch Chiefs
FM2/T. F. Gibson, Jr.

FM:HWT: cm
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Att.ention: T. T. Gibson, Jr.

FM/Deputy Chicf, Mission Planning and 66-m-111
Analysis Division

Rendezvous search modes of various types

According to the notes I made during the 278 GSOP review at MIT last
August, there was apparently still some question as to whether an
automatic redar search mode was needed. Sears also questioned whether
an sutomatic sextant search mode was needed on the command module.

Has anything been done to answer either of these guestions? If so,
what? If not, what can we do to close out these items?

DS
Howard W. Tindall, Jr.

cc:

EG/D. C. Cheatham
PD4/A. Cohen
FM/M. V. Jenkins

FM:HWT:cm
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R.R. mASAN
FM/Deputy Chief, Mission Planning and 66-FPM1-112

Analysis Division
Apollo rendezvous navigation data edit is too complicated

In my notes of .the AS-207/208 GSOP meeting with MIT, reference 66-FML-100
of August 30, I indicated that MIT was including an automatic data edit
scheme in the rendezvous navigational program for both the IM and the
CSM. As you recall, this scheme was to accept radar or SXT data auto-

‘matically if its effect on the spacecraft state vector is less than some

pre-established amount and would reject it if its effect is greater than
some other (larger) pre-established amount. Data falling between these
two criteria was to be accepted but a warning light was to be turmed

on. Dr. Shea commented that this seems unnecessari complicated - that
.really there is no apparent sense in having three conditions when two
would do just as well. I must say, although I was foolish enough to
argue at the time, I certainly agree now that we really should make this
a simple binary decision. Use the data or don't use the data based on
some pre-established level of quality -~ probably light a light when the
computer is rejecting the data and do away with that central region
altogether. I have searched my memory and can't recall why MIT proposed
to do it that way, but unless someone can find a good reason, we should
direct MIT to simplify the decision logic as noted above.

Flight Office Branch personnel please take appropriate action immediately.

Addressees:

. (See attached 1list)
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FM/Deputy Chief, Mission Planning and 66-FM1-113

There are differences in the descent.guidance programs
on AS-503 and AS-504

It is currently intended to include some sort of tests of the IM descent
propulsion and guidance on the AS-503 mission. However, it is not
possible to use the same guidance equations on AS-503 as will be used
on the AS-504 lunar descent. This is due to obvious differences -of an
earth orbital mission compared to an actual descent to the moon's surface.
The gravitational potention is different; the objective of the maneuver
is different; there is nothing for the lumar landing radar to bounce
signals off of, ete. Accordingly it is MIT's intention, with our con-
currence, to omit certain vital parts of the AS-50L descent guidance
program from the AS-503 mission. The purpose of this memo is to make
sure that you a1l know this.

It is my understanding thé.t there are four main processers of the AS-504
descent guidance program which are not to be included in the AS-503

program:

1. processing of the landing radar data
2. landing point designation

3. x-axis override .

L4, automatic rate of descent control

In addition, there is likely to be a change in the coordinate system of
some sort needed.

I certainly do not claim to be an expert in descent guidance; in fact,
quite the opposite. If anything above interests you, I would suggest
you contact someone who really knows what they are talking about like
Don Cheatham, Floyd Bennett or Tom Price.

Incidentally, we are currently in the midst of an exercise designed to
make the AS-278 spacecraft computer programs identical to those for :
AS-503. Although I don't expect this to have any influence on the
descent guidance, I just mentioned it here to cover that possibility.

o N G,

Addressees:
(See attached list)
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Analysis Division

Apollo spacemﬂ: g:.idance navigation modes
currently plsnned for AS-503 and AS-504

I am afraid there is a bit of confusion as to what navigation modes are
.being provided in the AS-503 and AS-504 Apollo spacecraft computer pro-
grams. I am sure I have contributed to this confusion myself, and the

purpose of this memorandum is to try and clear it all up.

According to Norm Sears, it is intended to provide the fallowing navi-
gation; that is, omboard orbit determination programs in the AS-SOh
.command modunle computer program:

-

a. During earth orbital operations there shaJ_l be no onboard
navigational capabilities at all.

b. During the trans-lunar and trans-earth phases the navigation
program is being formulated to process both star/landmark and star/ _
horizon measurements. The landmarks and horizon may be either earth or '

- lunar at the choice of the flight crew. That is, there is no interlock

governing which is used depending on position of the spacecraft relative

to those two bodies. The pilot must manually key in location of the .
earth landmarks and it is probable that he will also have to key in lupar = -
landmarks since those stored for lunar orbit navigation are likely to be

of a size not readily observable during these phases of the mission.

c. In lunar orbit the navigation program.will utilize only lunar
landmarks referenced to the platform. ' Twenty-eight landmarks will be
stored in the computer program, but I am certain others may be keyed in
if the crev desgires.

" For the AS-503 mission, it is cnrrent]y intended to have only one naviga-

tion mode - namely, use of star/landmark or star/horizon observations.
- The landmarks and horizon used are restricted to earth only since it is

. not intended to have such routines as the lunar ephemeris, lunar rotation,

etc., programs available. Earth landmarks mist be keyed in manually by
the crew. Borm Sears (MIT) points out that use of this data in orbits of
the type currently planned for AS-503 may actumlly result in degradation
of the omboard state vector, and as a result it may be mecessary to
restrict this process to a spacecraft system test rather than an opera-
tional procedure in support of the mission.

I suppose, to make this entirely complete, I should also list here the
processing of the command modinle sextant data for rendezvous navigation,
which will be in 211 Rlock II co_mputer programs currently planned.

36
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| Other than rendezvous navigation utilizing the spacecraft radar, there
is no navigational capsbility planned to be included in the LGC program
for any mission.

We are currently in the midst of an exercise to make the AS-278 programs
identically the same as AS-503. Since we have a difficult schednle
situation on AS-278, there may be implications on the navigation modes

- - avallable for the AS-503 mission as noted above; however, at this time
- I 4o not expect that to be the case and will certa.in]y inform you if the

situation changes.
: Howardq;fflgﬂd.u, dr.
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FM/Deputy Chief, Mission Planning a.nd
Analysis Division

'LGC p:‘rogra.m development for the AS—2783

This note is 1ntended to document my understanding of the situation with
regard to the spacecraft computer programs for ‘the alternate AS-27%
mission. In partlcu.la: I would like to record how we are respondlng to
the current programming needs in this area.

Although it was origimally stated as a ground rule that alternate ma.ssleav
would be flown using the same programs developed for the primary mlss:.ons

it appears tbat that will not be possible in this instance; e.g., ere. -
are two contingencies the Apollo Program Office feels it is mandatory to BATE A2

be prepared for. One is an extended schedule slip on the delivery on the it
first LM spacecraft, and the second is the failure of the AS-206 mission N J{"
of such a nature that it is not possible to carTy out the AS-278 mission L;‘.’.i‘ e
as currently planned. The alternate mission (AS-278B) in both of these e
instances.is to rendezvous the AS-207T command module with a IM, man the YR
LM, perform certain spacecraft systems tests and then to initiate a .:._, gt
programmed sequence very similar if not identical to the cuxrent AS-206 T
‘'mission after returning the crew to the command modnle. We are now OO
attempting to determine precisely which additional processors mist be s # s
added to the AS-206 program in order to permit making such a flight. Of S
course, the additional requirements depend on precisely how this mission HAQ’T'"M“

is to be flown, which in turn depends on the guidance system capabilities;
e.g., we are in the familiar little cycle. At the least, it appears that
the capability must exist to power up the system and align the platform
in orbit; however, even these thipgs are not certain.

I have asked Paul Stull and Tom Price to contact the various ASPO and
MPAD personnel involved in this mission planning to pin down the possible
alternatives for flying this missicn, leading to a precise definition of
‘additional program recuirements to the 206_ program. It is our intention
to direct MIT to give the identified processors, which theoretically are
already needed in the AS-208 program, highest possible priority such that
they may be added to the 206 program at the most opportune time. It
appears certain that they will have to be added at some Sime; e.g., it
appears certain a prograz mist be developed to support this type of a
flight. There is some question, however, as to whetkher the 206 program
as currently defined is needed since the modified prczram should be able
to fly both the 206 mission and the AS-278B mission. OQur basic problem
is providing this augmented program in time to support the 206 mission if
it is flown; i.e., it depends on the schedule of that flight and the
program development regquired for it. ’

Byy US. Savings Borzdf Rzgzzlarly on the Payroll Savings Pldn
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Accordingly, it is our intention to continue working on the present
AS-206 program as currently defined until the latest time at which a
decision can be made, probably in the latter part of November or early
in December. It is at this time that the final 206 program integration
and flight acceptance verification tésting will be going-on. If, at that
time, it is apparent the 206 flight has slipped sufficiently to permit
adding the additional processors to support the AS-278B mission, work on
the 206 program would be terminated and only this augmented program would
be developed for use both on the AS-206 and AS-278B. If the current 206
schedule is maintained, however, we would be forced to complete flight
qualified 206 program ropes to be followed later by the augmented AS-206
program for support of the AS-278B mission.

Although some preliminary information has been obtained from MIT regard-
ing over-all schedule impact, it is my intuitive feeling that it is
probably not particularly accurate. Therefore, it is my intention to
obtain program development plans for the augmented AS-2 6 pro which
will include the effect of work on this program on the AS-278 503 and
sok program schedules.

This will be done as soon as the additional program requirements for the
AS-278B mission have been defined.

STV Wby

Addressees:
(See. attached list)
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Analysis Division )

No extra memory for the Apéllo Spacecraft Computer

One of the most significant decisions coming out of the AS-278 computer
Pprogram review with the Apollo Spacecraft Program Manager on Septemter
15 and 16, was his absolute assurance that the spacecraft computer memory
would not be augmented for the AS-503 or AS-50L4 flights. Accordingly.
all program development should proceed on that basis for those flights.

On the other hand, I would hope and expect that work will continue on

the auxiliary memory for follow-on missions, and I feel we should offer
whatever assistance MIT can provide on a non-interference basis to that

effort.

Howard W. Tinda\ml, Jr.

Addressees:
(See attached list)
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Procedure for obtaining Apollo Spacecraft Computer Prog:ré%' >
schedule information W

In our (MSC) attempt to establish the most meaningful flight development
schedule for Apollo including, as it must, adjustments to conform with
the continually varying mission constraints as well as providing backup
missions for contingency situations, msny pecple have legitimate need to
know the effect of their ideas and proposals on the readiness of the
spacecraft computer programs being developed by MIT. On the other band,
the exact schedule of these programs is still ill-defined. As a result,
on occasion recently, people attempting to get this sort of information
directly from their MIT friends have obtained uncoordinated and, thus,
inaccurate information upon which decisions have been made, sometimes .
distressing to MSC and MIT both.

To avoid this problem in the future, we are immediately establishing a
procedure wherein Mr. Tom Gibson of the Flight Software Branch and

Mr. Bob Millard of MIT, or their authorized representatives, are to
serve as the single point contacts in their respective organizations for
the procurement of schedule-type information. It will be their Job to
poll all influenced parties to assure the information obtained is the
best possible under the circumstances. Spacecraft computer program
schedule information obtained by any other route shall be used at the

~ user's own risk; certainly with no obligation on our part to comply.

o) Q}(u«%-

Howard W. Tinda.ll Jr.

Addressees:
(See attached list)
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September 29th shall probably go

as the day of a major breakthrough at MIT.

L: least in my diary,

On that date we had an all

day meeting attended by &1l key MIT management personnel involved in
spacecraft computer program development. I expect
similar weekly sessions for as long as they are required. The purpose
of these meetings is to establish detailed program development plans for
This basic information is regquired
for the obvious purposes of understanding the schedule situation, of
evaluating the impact of program changes and additions, of assigning
priority of effort - both manmpower and facilities - in the optimm
manner, of providing vital information to NASA program management for

the spacecraft computer programs.

consideration in their decisions,

ete,

it to be the first of

I mst say I was tremendously impressed with the cooperative, earnest
support all of these MIT people gave to this effort this time and have
every hope that it will continue for the four to six weeks of hard,
weekly meetings I expect will be needed to reach our objectives.

At this meeting, most of our attention was spent on two items which I
will discuss in some detail. First was the availability and adequacy
of the computer facilities needed for computer program development, -and
the second was our investigation into the use of the AS-278 computer
programs with minimum change for the AS-503 mission.

At present MIT has two 1800 digital computers on which all program devel-
opment and verification is carried out. These mach

are currently completely saturated.

ines have been and

There are no other facilities in the
entire universe, to our knowledge, of proper configuration to relieve this

situation completely. This is identified as a major problem area parti-
cularly during the months of November and December.
is to be installed at MIT very soon and it is currently estimated that

it will be on line no later than February lst.

However, an IBM 360

As you recall, we have

funded AC to the tume of about $300,000 to develop a fa.c:.lrty in Milwau-
kee for use on Block I program development, i.e., for AS- 501/502. It
was emphasized that maximim utilization of this facility is essential.

It was discovered during program development for .AS-201+/ 205 that the hybrid

facility at MIT was an extremely valuable tool for program debugging.
This is apparently because it is so easy to get on and off this machine;

Buy US. Smngs Bonds Regularly on the Payroll Scwmgs Plan

[/')~
A Ty

*W

92

— g -~



[}
H

b

2

in addition, it runs considerably faster than the digital computer. Thus,
it is possible for the programmers to check program fixes quickly and
determine whether they seem to be working before committing the program
to the all-digital tests. Phil Felleman of MIT presented a complete
schedule of the tasks currently planned for the hybrid computer through
calendar year 1967. This schedule showed that almost continually there
are a number of vital tasks which mst be carried on simultaneously, or
at least on a time sharing basis. This is expected to present serious
problems and we are currently looking into the possibility of augmenting
the facility to relieve it. In particuler, an almost ideal set of hybrid
equipment is available at Beckman - a system which had been under develop-
ment for MPAD - which MIT can obtain immediately at a "bargain price".
Additional pieces of equipment such as a Block II AGC and a core rope
simlator mist also be obtained from some, as yet, unknown source. MIT
is continuing to formulate plans for augmenting this facility including
obtaining for us the influence it would have in improving the computer
program development schedule. Specifically, this augmentation would '
make possible the similtaneous use of the command module.and IM cockpit

-simlators at MIT. In addition, it would give the unique capability of

being able to run data flow tests and similations of these iwo spacecraft
in conjunction with each other, which will certainly be highly desirable
for preparation of the AS-278 mission. It was strongly emphasized that
the purpose of this facility is not flight crew training, but rather is
for the development of the spacecraft computer programs and associated
crew procedures.

The second half of the day was spent in discussions of how the AS-278
programs could be used in support of the AS-503 mission. A number of
routines were considered for beefing up the AS-278 program, but after
lengthy discussions only two candidates were left outstanding. One was
the lunar orbit insertion (LOI) program which is certainly not needed to
fly the AS-503 mission, but which it might be advantageous to test on it.
The second and more important processor which we probably must add to
AS-278 is the trans-lupar injection (TLI) steering of the SIVB. This
program will probably be needed to obtain the experience of AGC steering
the SIVB on AS-503 before it is used for the actual TLI maneuver on
AS-50L4. Of course, it is not yet certain that the AGC will be used for
this purpose on AS- 501& but its likelihood is great enough that we should
be prepared for this important spacecraft systems test.

Our next meeting will be Wednesday, October 5th during which, among other
things, we expect to review program plans MIT is preparing based on the
following ground rules:

1. Schedules should show influence of augmenting the hybrd facility.

2. They should be based on the assumption that the AS-503 will be
flown using the AS-278 programs. The AS-278 programs will be augmented
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as necessary to d6 this, but it is expected that no more than the two
processors noted above shall be added for that purpose.

Finally, I expect we will review open items remzining regarding the
"£inal" definition of the AS-278 program. Stand by for the next exciting
episode.

\

U

Boward W. Tindall, Jr.

Addressees:
(See attached 1list)
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Cursory definition of Spacecraft Cotfuter Program capgbilities

currently planned for AS-503 and :{E_@DATE

One of the possible actions which has been identified to help our space- .
craft computer program development schedule is to fly tke AS-503 mission
with the AS-278 programs. I have indicated in previous memoranda that

in order to @o this we would Frcbably have tc add several rcutines to the
AS-275 program to make it applicable for AS-503. However, as we have
studied this matter in more detail, we have arrived at a point whers only
one routine is still considered a candidate -- some guidance of the SIVB
simulating TLI. This is a command module program. There are no addi-
tions contemplated for the LGC. Those interested in exactly what capa-
bility would be available are referred to the AS-278 GSOP.

I am sure if we proceed in this way that it will have some impact on
establishment of the final mission requirements, and in turm will influence

"how certain of the spacecraft capabilities for the lumar mission must be

v

tested prior to making the AS-504 flight. I would like to call your
attention particularly to the fact that we shall have no navigation (orbit
determination) capability other than that associated with rendezvous for
the AS-278 and AS-503 missions, nor will we have the ascent or descent
guidance equations in the LGC. . There has been much discussion on the
testing of all of these. Besed on recent discussions with ASPO mission
planning people, I really don't expect that any mission requirements '
affected by this decision are of such a mandatory nature that we would

be directed to proceed other than I have indicated above. Obviously, if
this is incorrect, the sooner we find out about it the better.

Somewhat zssociated with this, it seems worthwhile to me to provide a

list of the additions to the AS-Z8/503 program which will have tc be ;
made for 504. This list, presented below, is MIT's current best estimate 5
and is by no means final, officizl or definitive, but perhaps it will '

serve to let you know what the job we have before us is as well as giving

you some idea of the capabilities we intend to provide for AS-50L.-

1. Return to earth v . 1. Descent Holman Injection guidance
2. LOI guidance . 2. Lunar landing guidance
3. Direct intercept targeting 3. Ascent guidance
routine
Buy U.S. Savings Bonds Regularly-on the Payroll Savings Plan _ s
L NEE e B “ “‘_:‘

B
~ T i L — ™



6

o
Navigation
a) SXT star/horizon and star/
landmark

b) Lunar landmark

Boost monitor

Orbit integration additions for
a) Trans-lupar operations

b) Lunar operations

LoC
Direct intercept targeting
routine
Orbit integration
a) Remove earth orbit
b) Add Lunar
Iunar rotation
Lunar landing time prediction
LGC initialization program

T. Lunar ephemeris program changes
8. Lunar rotation routine . Post landing service programs
9. Iurar landing prediction such as IMJ angle storage ’
*  routine co 10. Iunar surface IMU alignment
-10. LGC initialization a) Normal
1l1. Lunar landmarks (28) b) AOT failure
11. Launch time determination
12, AGS initialization program
changes
Finelly, I suppose I ought to add the following remark based strictly on

my own intuition -- namely, we have almost certainly got a computer
storage problem on the AS-504 programs again if all the above items are
added to the AS-278 program, particularly with all of the special flexi-

bilities eand options which will be suggested.

Therefore, the fact that

your favorite processors are listed above does not necessarily mean that
we. will be able to get them all in.

Addressees:
(See attached list)
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Altitude and velocity limits .imposeg by the gpacecrafft computer
program on the AS-503 mission JDCS?EATE &

As you know, we are currently figuring on using the AS-278 spacecraft
computer programs for AS-503. EAd Copps called rie the other day to
state that the orbital integration routines in the AS-278 program are
scaled such that they will only work for altitudes lsss then about
5,400 nautical miles above the surface of the earth and velocities no
greater than about 32,7C0 feet per seccnd. (I em told the meximua
values to be encountered in a nominal missionare about 3,900 nzutical-
miles and 29,500 feet per second). He was looking for reassurance that
. this scaling would not present a constraint on the AS-502 mission, and
J told him that I didn't think it would but I would check here at MSC.
In the meantime, MIT is proceeding, assuming that these limits are not

. unacceptably restrictive for the AS-503 mission. If anyone knows a

reason why this is not satisfactory, please let me know immediately.

Howard W. Tin , JdT.
Addressees:
CA/D. K. Slayton
CF/C. C. Thomas
EG/R. C. Duncan ' -
EG/D. C. Cheatham
;ﬂ;/A. Cohen
0. E. Mzynard
PM2/C. H. Perrine
FA/C. C. Kraft, Jr.
FA/S. A. Sjoberg . ,
FA/R. G. Rose - - ‘ . -
FC/J. D. Hodge ' :
FL/J. B. Hammack
FM/J. P, Mayer
FM/C. R. Huss
FM/ M. V. Jenkins
FM13/J. P. Bryant
FM/Bra.nch Chiefs
FM2/T. F. Gibson, Jr.
FM2/R. O. Nobles
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More on Program Development

On October 5th, we had the second of our weeckly all day program develop—_—_
men* plan meetings at MIT. 'Most of our attention was given to tue opern-
items on the AS-278 program which I ill discuss later, but first I
would like to pass on some general comments regaixding the work at }MIT.
Based on their intensive planning over the last couple cf weeks, it
.appears that staffing for program form:lation {Norm Sears' arez) and -
for progran coding, integration, and check out (¥4 Copps’ area) is now
adequate. They foresee no problem in the development of the. AS- 2|8/305
and AS-504 programs in these areas. In fact, they expect to bz in a
position to handle follow-on mission programming in a routine fashion.
There is a shortage of people in John Dzahlen's area. Thnese are the guys
who prepare the detailed procgram seguencing -- Chapter L of the Guidance
Systems COperations Pians, for those wno are familiar with that. They
_have several more teople scheduled to move into This who they consider
to be highly qualified and experienced which shculd -help to relieve .the
situation. However, this relief will only be for programs develored
after AS-278 since tnat GSOP is currently scheduled for release on
about October 1T7th. '

The other problem areas, as I have noted before, are the computer facili-
ties used for program developmenu -- namely, the 1800's soon to be
augmented with a IBM 360/?). How quickly the new IBM cermputer will be on
line continues to be problematical. The pacing item for this is the so-
called MAC compiler necessary for running AGC programs on the IBM machine.
And the hybrid computer facility is also constraining as noted previously.
Phil Felleman has done a coansiderable amount of excellent work ir laying
out the projected schedule of its use based bothk on the current facility
.and in the augmented facility which I have described previously. It is
our intention te continue the develcrment of the justification for avg- ?
menting this facility for presentaulon to ovr maragement at MSC, probadly
aroutnd October 22rnd. It is Phil Felleman's estimate that this equipment
could be operaolona¢ by atout Feb*uary 15th, provided they get the go-
ahead by the first of Novezber.

Followlng is a list of .the open items associated with the 4S-278 missicn
programs:

.1. Menual tekeowver cf the Saturn guidance during boost into orbit
The AS-278 GSOP presently includes this capability; hewever, it was
kastily assembled znd a ccnsiderable amount of further thought ané plzn-
ning has been carried out at ¥3C leading to the desire to change tha*t
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formulation. It is my understanding that Cuidance and Contxrol Division
has dispatched the additional information MIT needs to dewvelop this
spacecraft capability To MSC's sztisfaction. O T has been directed to
prepare an MDRB -- our change control document defining the work to e
_done and the sckhedule impact if it is to be dore.

2. Trans-lunar injection {TLI). Guidance of the SIVB by the
conmand module coxputer for a simwlation of -the TLI maneuver on AS-503
has been proposed. Thae obdjective here is to test the interfaces of the
spacecralt with the SIVB; it is not considered essential to check out
actual TLI guidance equations, although that would be desirable. Since
this is the case, it is possible to utilize to a large extent either
the external AV or Lambert guidance vrograms already available in the
AS-278 program. The question as to which of these was to be used was
finally resolved in favor of the Iambert, even though it requires an
additional uplink and pre-tarust program. The reason the Lambert was
chosen was that it is expected to b2 very much closer to the TLI final
formulation than the external !},V, and it is not expected that the devel-
opment of these two extra processors is a particularly large job. MIT
was requested to prepare an MDRB for Lambert steering of the SIVB with
a request that if they encounter some problem which use of the external
AV processor would relieve, they would inform us. immediately. .Incidentzl-
.1y, associated- with providing this capability in the AS-278/503 program.
we are informed that the all-digital simulation to support testing of
the Saturn steering is in pretty good shape as a >»esult of the work they
had done previously. They feel they have a good model of the Satura
steering with the IEM guidance equations, gimbal dynamics, ete. This is
a rigid body representation including no fuel slosh or bending, of course.

3. ILunar orbit insertion (LOI). MIT will prepare an MDRB to in-
clude the IOI guicdance if they desire. We informed them that MSC was not
particularly concerned whether this was included or not.

L. Stable orbit rendezvous. dJerry Bell (RAS) was scheduled to dis-
cuss the changes required to tke remdezvous guidance with MIT on October
Tth. We decided to delay initiation of the MCRE for this until our.
meeting next week, at which time, hopefully, the definition of this pro-
gram change will be more definite. ’

5. LGC DSKY/ eight ball discrepancy. MIT was requested to prepare
an MDRB for the addition of the necessary transformations to make the
computer and FDAI displays compatible.

6. APS and DPS minimum impulse. Aaron Cohen accepted the action
item of reviewing within MSC the need.for providing these capatilities
in this program. MIT was told not to prepare MOrB's yet.

7. DPS "30 sccond” manetver constraint. MSC is also to review the
need for eliminating the current constraint on DFS maneuvers within the
26 to 30 second burn range vwhick are not accurately controlled by th=z AGC
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due to automatic throtiling et that time. MIT was asked to delay prenara-
tion of an MDRB untii MSC could es®tzblish its need.

8. IMU alignment backup. It has been reguested that a capability

. be provided to align the IMU througn use of the rendezvous reticle in the
CSM and the LFD retvicle in the LM. Tnis czrzbility is most desirable

for the lunar mission where loss of the rrimary alignment systems would
be extremely serious. MIT was recuested to prepare MDPB's for both of

these.

9. Reentry landing point targeting. MIT is continuing their inves-
tigation as to the earliest time it is possible to load the latitude and
longitude of the reentry landing point. It is still hoped that proce-
dures may ve availabdle for input sns. verification of these parameters at
an acceptable time in tae mission. If this investigation proves negzstive,
MIT will o2 requested to prepare an MDBR.

10. Universal update. Action on this item had somehow been over-
looked. It has been our intention to have MIT prepare sn MDRB oxn this
for some time, but apparently we had failed to request it. Accordingly,
we did so.

11. ZEzrth orbit navigation. Our old friend was discussed as usual.
MIT vras 1n?ormed that our direction to delete this capability had been
recently forwarded to them. MIT stated that they felt it their responsi-
bility as the G&N contractor to formally bring to our attention their
concern that this action is improper. We jointly agreed that their best
course of zction was to prepare a letter for the ASPO Manager stating:
their position on this matter. I must say I don't feel very strongly one
way or the other sbout this, tut it certainly is evident that MIT has a
unanimous, sincere opinion. So do some MSC people.

I felt this meeting was quite fruitful and the MIT participation was
again very cooperative. We have scheduled the next meeting for Cctober
13th, and after that one, I might even start to tell you what the program
delivery schedule actually is. How's that for suspense?

iy wa,uo GN Qw

ward E'\ﬁinagll Jr.

Addressees: -
(see attached list)
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LGC program requirerients and mission constraints on alﬁer@;ﬁe—znsé+en—;—4
AS-278B N D;

"’(n i P
Following our AS-206 spacecraft cormputer program Suatui ﬁﬂFﬁEBIEIT on |
Octover 6tn, we launched into a discussion of the AS- Q}égiml S1on_and ‘
its demands on the guidance system. This alternate mission, you reczll,
is one in which the IM and command module are launched separately
followved by a CSM active rendezvous. Tae I would then be maznned and a
number of spacecraft systems tests would be carried out, perhaps includ-
ing a IM active station keeping exercise and docking. This would be
followed by an unmanned sequence oI IM maneuvers basically the same as
currently planned for the primary AS-206 mission.

After considerable discussion to establish what seemed to us to be
reasonable mission constraints, we arrived at the following list of
programs needed to augment the " AS-206 program for use on the AS-278B
mission. You will note that all of the changes are associated solely
with the function of determining the orientation of the platform or
aligning it prior to the AS-206 maneuver sequence.

1. Platform orientation determination is required and maybe a
platform alignment program is zlso required, altnough we don't think so.

2. Star catalogue and associated data handling routines must be
added.

3. Modifications to the routine providing pilot interface with
the computer, i.e., input and displays will probably be reguired.

k. Preparation of an addendum to the GSOP would be needed and it
is-to be emphasized that this work would be applicable to the AS-278B
mission only.

The following routines were also considered but zre apparently not needed
for the reasons listed.

1. G&N power-on and power-off programs. These programs, which are
routinely provided on manned spacecraft to assis®t the pilot in turming
on and off this eguipment, 2re probably not needed since it is though®
this process can be carried out manually, and it is strictly a one-time
affair; i.e., as far as we could tell it is only necessary to turn on
the equiprsent one time and never to turn it off.
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2. Some thought was given to adding special digital auto pilot
modes for RCS translation and rotation using the hand controlier. Here
again it is MIT's impression thatl processors are available in the cur-
rent AS-205 program which can te utilized in the station keeping and
docking exercise.

3. ‘LGC initialization primarily associatéed with state vector and
clock alignment updating. Apparently is is already possible in the
AS-206 program to input these guantities both viz uplink and DSKY.

4. sSpecial programs to initialize and start the AS-206 maneuver
sequence. Apparently the present AS-206 program already has these czpa-
bilities by means of uplink and DSKY inputs.

As you can see, the list of programs required has really been reduced to
a minimum. In addition, these programs are probzbly required in very
nearly the same form for the later missions, which means work on then

is not entirely wasted. The list was kept this sm=21] by assuming that
certain constraints on the mission were acceptabie. In large part, this
was done by carrying out a mumber of functions, m2mually by the crew,
which are ordinarily under computer control. This will pe apparent by
glancing through the following list of constraints which I certainly
don't claim to be complete, ané in fact, some of the items listed may
not even need to be there.

l. XNo provision is made for re-rendezvous in the LGC. In this
category, note there is no processing of the IM rendezvous radar by the
LGC nor is there attitude control in the IM progrzm for aligning its
rendezvous lights toward the CSM.

2. It is assumed that no change will be reguired to the AS-206
maneuver sequence program. I would like to point out, however, that
considerable flexibility exists in the targeting and timing of the
maneuver as the program is presently formulated.

3. Platform alignment to within about 5° of the preferrsd orienta-
tion about all 3 axes is acceptable for the AS-206 maneuver seguence.
The intent here is to provide a coarse alignment of the platform while
docked through use of the command module G&N. OI course, it would then
be necessary to determine precisely the resulting orientation of the
IM platform.

L, fThere will be no provision in the LGC to assist the astronaut
in locating stars in the AOT. This must be done mamually with whatever
assistance is possible from the CSM.

5. It is probable the crew must check contents of the erasable
memory word by word via the DSKY to insure that 211 critical parameters
are stored properly after the LGC is turned on tke first time. I am
referring here to quantities such as accelerometexr bias, scaling factor,
etc., equivalent to those gquantities loaded by tre K-start tape prior to
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launch. This is probably not unique to AS-275B.

, 6. The only DSKY display progre;ms to be implemented will be asso-
ciated with the platform orientation determination program and those
required for the crew to check out tne contents of the erasable memory.

T. Toe G&N power-on and rover-off sequence will be carried out
rianually by the crew.

8. An IMP will be available.and in operation.
9. Tae RCS will be manually purged and pressurized.
10. The S&C band will be turned on menually.
11. The ECS primary water coolant valve will be manuélly activated.
12. No C or S band antenna steering will be provided.
13. No LGC AGS initialization will be provided.

14, If IM cold soak is required in the docked configuration, the
CSM shall do it.

15. The IM shall always be extracted from the SIVB by the CSM even
if IM 1 spacecraft. changes are required [I am not certain this is a
constraint imposed by the computer program].

16. The IM will be powvered dom during launch and until manned [izere
again I am not certain this is a program constraint]. This implies

a) There will be no launch T-M

b) There will be no launch abort or contingency orbit inser-
tion capability.

[If it is determined that the IM can be launched powered-up, I should
point out that the AS-206 program does provide these capabilities.)

Of course, the status of the AS-278B alternate mission is still quite
confused. As I have indicated previously, it is our intention to do
nothing now at MIT in support of this mission except to make sure the
programs identified above, currently being prepared for the AS-278
program, are given enough priority to assure their readiness when the
decision must be made around tue end of November as to what we are going
to do. Irn addition, we will attempt to determine what, if any, impact
this activity would have on the AS-278/503 and the AS-5CL spacecraft
computer program development schedule. I would be very interested to
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hear from those of you concerned with this matter if you feel that either
the list of programs or constraints given above arec not accurate or ade-

guate in some wey.

Addressees:

CA/D. K. Slayton
CB/A. B. Shepard
CB/J. A. McDivitt

CB/E. E. Aldrin, Jr.

CF/W. J. North
CF/C. E. Woodling
CF/D. Grimm :
CF/P. Kramer

. CF/C. C. Thomas
CF/J. B. Jones
EG/R. C. Duncan
EG/D. C. Cheatham
EG23/K. J. Cox
EG25/T. V. Chambers
EG26/P. Ebersole
EG27/D. Gilbert
EGL2/B. Reina
EGL3/R. E. Lewis
EG/43/M. Kayton
EGL3/C. Wasson
ET/71/T. R. Kloves
EX/N Foster
KA/R. F. Thompson
PA/J. F. Shea
PA/W. A. Lee
PD/R. W. Williams
PD4/A. Cohen
PM/0. E. Maynard
FM2/C. H. Perrine
MM2/K. L. Turner
PET/D. Lockard
FA/C. C. Kraft, Jr.
FA/S A. Sjoberg
FA/R G. Rose
FC/J. D. Hodge
FC2/E. F. Kranz
FC3/A. D. Aldrich
FCL/M. F. Brooks
FC4/R. L. Carlton
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FC5/C. E. Charlesworth
FC5/P. C. Shaffer
FC5/J. C. Bostick
FCS/H.. D. Reed
¥C5/J. E. I'Anson
FL/J . B. Hammack
FM/J. P. Mayer

FM/C. R. Huss

FM/M. V. Jenkins
FMl2/J. F. Dalby
FM3/J. P. Bryant
FML4/R. P. Parten
FM/Branch Chiefs
FM2/T. F. Gibson, Jr.
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On October 6th at MIT, we held a review of the AS-206 compu'hsr_progz:?_ra————

which they have romantically christened "Sunmourst”. Our primary ob-
jectives were twofold; first, to make certain that the formwlation of

- the progran was consistent with the way we intend to fly the mission,

and second, to determine the current status of the program development.
Generally speaking, I would say we are in good shape on the AS-206. We
appear to be on schedule with some tolerance for problems of a nature
you ordinarily expect to encounter in this type of work, and with a few
exceptions, the rrogram as currently defined should te ent:.rely adeguate
to support the mission.

It is still planned to release this program for rope manufacture on De-
cember 26th. This date has held firm for a number of mornths now, and
Jim Miller, who has taken over direction of this program at MIT in the
absence cf hospitalized George Cherry, presented fairly detailed pro-
gran development plans upon which he based his confidence of staying on
that schedule. He identified as the two most critical items:

a) The descent guidance for Mission Phase 2 (1 e., the second DFS
maneuver), and

b) The digital auto pilot which is also the major processor
remaining to be completed. Jimr pointed out that a mumber of processors
have been coded and unit tested which are now awaiting the availability
of the DAP for integrated systems tests. :

Jdim Miller has beefed up the manpower 'in both of these areas recertly.

There was one item requiring irmediate attention if snything is to be
done about it. This involves the manner in wnick the LGC is set into
action at Satwrm launch. Apperently, the progrem is started by the
receipt of a guidance reference release (GER) sigmal sent some 3 minutes
ar? 10 seconds prior to liftcff by the Houston MCC commz2nd system.
There are two things that sound kind of lousy to me; one is the desira-
bility of having to send a conmznd from a remote site to start the cys-
tem working, and the second is the fact that it i1s currently planred to
send this sigpral so long prior to liftoff. Obviously, the problem kere
is that if a hold in the countdown is encountered after it is sent, it
is necessary to recycle the launch countdown vack as much as 2 or 3
hours which sounds completely unacceptable. I wouldn't be surprised if

B‘z) US ?ﬂz’mo‘: Bonds Regularly on the Payiofi Smis - “lan
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I have this 811 confused. If you are concerned with this type of thing,
I suggest you get ahold of someone who. knows what they are talking about
for a precise description of the situation. Incidentally, if program

changes are required associated with this GRR problem, there is a possi-
bility of schedule implications.

Another item on which we spent a considerable amount of time had to do

. with the implementation of two jet ullage, which is desired on AS-206 in

order to make the DAP for that mission consistent with the DAP for
AS-208. A question arose as to whether there should be some. sort of
interlock to inhibit the main engine start signal based on onboard sens-
ing of ullage, or rather lack of it. It was finally decided that we
should leave the program essentially as it is with a fixed duration of
ullage and an engine start signal issued by the LCC at a particular time
in the sequence. This was primerily to insure that the tests performed
on AS-206 are applicable to AS-208. MIT did request that we direct
Grumman to provide RCS jet fail indications to the LGC for use in their
automatic jet select logic in a somewhat different way than is currently
planned. '

Other matters receiving consideration at this meeting were:

a) The possibility of utilizing the LGC to keep track of RCS fuel
used and remaining -- a job which apparently cannot be done accurately
in any other mamnner. MIT expressed reservations that the LGC would bte
able to do this accurately either. In addition, there may be computer
cycle time problems since this processor would have to operate similta-
neously with the DAP which is already heavily loading the computer.

b) The matter of increasing the size of the downlink lists from
100 to 200 words on the AS-206 program since FCD expects that this will
be necessary for the later IM's.

MIT indicated that they intend to issue a new, complete GSOP around the
end of November. The last one, R-527, was dated June 1966. MIT intends
to release certain parts of this earlier since it is badly needed by
some parties right now.

AL D00y,

Howerd W. Tindall, Jr.

Addressees: }
(See attached list)
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Verification of LGC when powered-up in ““é’,‘g& = . .
- e DOE DATE™
The other day at MIT, when we were discu'ssirrg—fhe—attez'mlte mission

) AS-278B, the question came up of how the astronaut assures himself that

the contents of the erasable memory is as it should be when he first
powers-up the computer in space. Since there seemed to be some confu-
sion or uncertainty at MIT, I suppose that situation is the same through-
out the universe. We were told, or at least I think we were told, that
when first turning on the computer after it has been completely powered-
down there is no assurance that the contents of the erasable memory will
be the same as it was when powered-down. Since on every manned IM
mission the computer must be brought on line from a completely dormant
state, some procedure must be established for checking this portion of
memory, I suppose. Is anyone within the sound of my voice working on
that? In'fact, who is supposed to? I guess we ought to ask MIT to do
something, and we will.

Boward W. Tindall, Jr.’

Addressees:
(See attached list)
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SUBJECT: Apollo Spacecraft Computer Program SchedulmjE DATE

Since last week I promised to start quoting some delivery dates', here
goes. We are currently planning release of the flight programs for
rope mamufacture as follows:

MISSION . DATE
" as-so/so2  (csM) - October 2k
AS-206 (M) | o December 26
AS-278/503  (CSM and 1M) Ai:ril'ls
As-50k  (CSM and IM) Novexber 15.

Accuracy of these dates, of course, decreases with how far they are in
the future. Actually, I am qQuite confident that we can meet this
schedule with the possible exception of AS-278 which still has on open
item & mumber of additions that could impact the schedule. I am hope-
ful that it will be possible to improve or make earlier the AS-504
delivery. As you know, rope mamfacture is expected to take on the
order of 5 or 6 weeks which, if added to the above dates, will give you
the readiness date of the actual flight configuration of the computer

program,

We have requested that MIT prepare scheduELe delivery dates next week

Por the warious sections of the ®80P's for the flights before us. . The
list is to include both preliminary and final versions as well as
specifying the manner in which MIT proposes to segment the GSOP's. I'll
pass these on when we get them.

Addressees:
(See attached list)
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Another AGC program development report O'. T 4 j
w T
Just got back from the northlands and + ding out another

note, elthough I really don't have much to report. The program develop-
ment planning at MIT seems to be progressing nicely. We did pick up a
couple of items that require attention; e.g.,.

a) It is necessary that NASA provide specifications on the charac- !
teristics of the command signals from the AGC to the SIVB for the trans- S
lunar injection simulation maneuver in the AS-278/503 computer program. :
Rick Nobles (FSB) has the action on this.

It was re-emphasized by MIT that they were not developing the capability
of confirming stability of the over-all system. Their model of the SIVB
is strictly rigid body and is not adequate for that purpose. It is my
understanding that MSFC will perform whatever studies are necessary to
confirm adequate stability for this maneuver mode. This will be discussed
at the MSC/MSFC Flight Mechanics Panel meeting next week.

b) Studies contimue at MIT on the formlation of the offset térgeting
to support the stable orbit rendezvous technique. This simlation work is
required to prepare the fremework of an MDRB [program change request].

This work should be completed within about two weeks, at which time they
will prepare the MDRB. MIT is proceeding on the assumption that this capa-
bility shall be provided on both the LM and command module with an option
available for each to compute the maneuvers necessary if the other vehicle
is active.

¢) An investigation is currently underway at MSC to determine the
advisability of starting the LM descent propulsion system at 10% thrust |
rather than 30% thrust. It will simplify the LGC program, but since the s
formlation and coding must be completed very soon, we will derive very !
little benefit from this change if a decision is not made very soon. In
fact, there will come a time where the change will make our job more
difficult. ’

d) Since so much concern has been expressed, both at MSC and MIT,
with regard to the need for star/landmark and/or star/horizon navigation
on the AS-503 mission, I have requested MIT to prepare an MDRB for in-
cluding that capability in the AS-278/503 program., Since the formmlation
of these programs has been pretty well completed, I expect the major impact
will be in having to finish all the coding in time for initiation of program
systems integration which is scheduled to begin early in December,

Buy U.S. Savings Bonds Regularly on the Payroll s avings Plan
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MIT reported that their work on the action items assigned them at the
AS-204 CAR are essentially complete.

L a) Procedures for manual computer re-start will be available.
October 1lith. [Incident21ly, MIT feels this action should never be
carried out and certainly don't guarantee it; however, in accordance
with our request they have laid out the best procedures they could for
manually forcing the computer to re-start from a known location].

b) On October 14th they will provide a list of parameters which
must be input into the erasable memory if a complete loss of erasable
memory occurs. Procedures for carrying out this process will be
ready by October 2lst.

c) A complete description of the Flag Word will be available
October 1lhth.

d) A description of how to correct the PIPA bias, etc., will be
available on October 14th. Documentation of detailed crew procedures
will be completed by October 21st.

. . I

QON

Howard W. Tindell, Jr.

Addressees:
(see attached 1list)
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AGC progrem for AS-501/502 - Final @c&@@@mm_

The attached memorandum lists all of the program changes required to the
AS-202 program to fly AS-501 and AS-502. As you can see, there are quite
a few, although most are quite simple. For example, some of these changes
are merely corrections to bugs that were knmown to be in the AS-202 program
when we flew it. We made a strong effort to minimize the changes, and it's
my impression that all of these are really required with the possible excep-
tion of a couple that were put in to provide the flexibility we felt might
be needed to make the progrmn usable for the AS-502 mission which was not
then completely defined.

As you recall, certain mission changes were required which took some time

. to .negotiate, both here at MSC and at Marshall. Cerl Huss, from our division,

deserves a lot of credit for his work in getting these missions revised and
thus minimizing the program changes required. (By the way, Carl is writing

~a note to explain the differences in the AS-501 and AS-502 missions in re-
_ sponse to the gquesticn you penciled onto one of my memos). We know of no

reason at this time why the AS~-501 program will not do the AS-502 job. Some
program verification may be required to check such things as the differences

" in'the targeting, but it is our intention to keep this to an absolute minimum,

" This program has gone together very nicely. Dan Likely and his team of AC

and MIT people are to be commended for the professional manner in which

- they handled this job. The program was frozen October 1lth - one day behind _

schedwle. It completed test verification and was released to Raytheon for
rope manufacture October 2hth - on schedule. This program has no known bugs
or deficiencies at this time. If development of all the AGC prog:rams vent

like this, we'd be out of a Job.

. ) \
2 . Eowa.rd Y. Tin_ P Jr. .

Fa/C. C. Kraft, Jr. ,
FA/S. A. Sjovers (w/out enclosure)
FC/J. D. Hodge
J. P, Mayer (w/out enclosure)
C. R. Huss (w/out enclosu::e)

Enclosure

cc:

EG/R. C. Duncan

FM:BWT:cm

D
e H

B 3. Sévipgg; Bonds Regularly on the P==3ll Savings Plan - SR
g_:"“'m?!' - S ——m - a — . - ~ - Y



TO

. FROM

SUBJECT:

2010=108

* plans, spacecraft configuration, and the LGC computer program development.

et o SURE ‘#é 7$

Cin ok LA O 101-116 R. R'A;"""\J L/' r"f"'f-"?" .-—-u--, .
UNITED STAJES GOVERNMENT D. HOAS I B AR
: i . L LARSON - ..
j G197 oz < NOV L
Memorendum \s===—T7 )
ST ' R.R.RAGAN
2N 4 :
See list el by, o ) ey
- /"?"‘ i DATE.. fioy 11966
B j?- ’-ﬁr A~ f_éﬂl
FM/Deputy Chief, Mission Planning and ; /(.. /| 66-FML-1L2
Analysis Division = A M2 v :
In which some items of interest r&YEr8AIE the AS-206 LGC program status

are discussed

e =

‘ Quite a number of things have been going on with regard to AS-206 mission

I would like to take a couple of minutes here to let you know about the
latest developments in the latter.

RSN,
-

Ed Copps indicates that the program development is proceeding on schedule
as far as he can tell, and that the next valid schedule check-point will
occur in about three weeks. I suppose we will schedule a review about
that time. MIT has been studying the effects of the spacecraft equipment
deletions on the program and to date has found nothing that is not accept-
able. They did point out that it is necessary for the ground to send i
certain commands which previously were optional. We did not take time to !
examine this particular subject in detail, but I would suggest that some- 3
one from the Flight Control Division should get in touch with Tom Price i
of our Flight Software Branch to learn more about this in detail. :

~ One program change requested by ASPO was for the LGC to issue some addi-

tional commands in order that redundant reiays could be used in two mission
critical circuits. MIT indicated that this program change could be imple-

mented without schedule impact since we had already indicated to them that

it would be okay to delete several processors from the AS-206 program

which were no longer required. Specifically, we dropped out the 3rd and

kth APS maneuvers and the RCS cold soak since they are no longer a part of s
the mission. We also indicated that we could probably omit the DPS cold )
soak phase from the mission if that provided a significant saving in program :
effort or, if it permitted, the use of a more desirable platform alignment. :
Apparently the alignment which has been chosen for the AS-206 has been some-

what constrained by this cold soak phase and makes necessary special pre-

launch processing of some sort. MIT is to let us know if dropping thls

mission phase would be beneficial to them.

Currently there are no open items on the AS-206 program, although MIT is
concerned about a couple of things. One is they are not happy about our
one-second downlink. They feel that this will not provide enough data

for post-flight analysis and are concerned that MSC will soon request addi-
tional downlink formats. The ssecond item is associated with the IM space-
craft separation from the Saturn. Apparently we have requested that a
constant attitude rate be maintained as opposed to an inertial attitude

thy U. S Sm/mgs Bonds Regrlarly on the P:vyg;,’ / Sazmg; Plan é. 2 e,
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hold which would be simplér to provide. I gather they just honestly don't .

understend why anyone wants this constant rate mode, although they are
programming it. Carl Huss was going to look into this a little bit.
A.pparentlv he was not even aware that was the way it was to be. Weird.

Two items were closed.out as follows:

a) We have instructed MIT to implement L-jet ullage in the AS-206

- program; i.e., the computer program will command all L jets on for the
duration of time which would be required if only 2 jets were used. This
is to insure that the ullage will be sufficient for the main engine start

" in spite of jet failures which have been protected against by the jet select

logic in the program. Implementing the L-jet logic means there is no need
for the _fW monitor nor the changes to the spacecraft jet failure systems
which had been suggested. The AV monitor, you recall, was a proposed pro-

gram chenge [i.e., MDRB #206-19] which was to inhibit the main engine start

signal if sufficient AV had not been detected by the 1GC.

b) MIT was informed to change the DPS engine start sequence to 10%

thrust rather than 30% thrust. This change is beneficial to program develop-

ment and to the engine people - a rare occurence.

I might also point out we had a highly successful meeting with Grumman on
October 20th where we discussed their requirements for program tapes and
data packages for use on their simlation facilities. As I understand it,
everyone agreed that we could provide tapes at any time Grumman reguested
them with the understanding that they would certainly not be flight quali-
fied - in fact, their quality will likely be unknown at the time of de-
livery. ¥Ye also indicated that the deficiency reports accompanying these
tapes might be rather crude and incomplete. As a possible work around, it
was suggested that Grumman could provide a knowledgeable resident at MIT
for the last couple of weeks prior to-their acquiring a tape. This person
. should then be aware of the status of the progrem when they get it.
-Actually, Grumman has taken steps to do this - two -of their guys were up
there just last week to get their feet wet. '

o N

Howard W. Tindall, Jr.

Addressees:
(see attached list)
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SUBJECT: AGS program status for AS-278 DUE DATE‘

I guess enough things have happened affecting the status of the programs
for the AS-278 mission that I ought to issue another status report.
According to MIT, work is progressing along basically on schedule. Tae
major eftort is currently in Ed Copps' eres where coding of the progrem

is going on which should be completed early in December. At that time 211
of the basic components of the program will have been compiled into a
single working assembtly. It Is this assewbly which Alex Kosmalz's Program
Integration Group puts through systematic debugging and then finally, when
all of the systems are working together, through the final program verifi-
cation. It is to be noted that this work is done with an assembly made up
of the entire flight program - it is not broken down into subsections

which are later assembled together. Of course, during the initial stages
of this program irtegration the major task is to get the subroutines,

which have been irdividually debugged and are rumning in this master assem-
bly, to work with each other. That is, the task is to get these individual
processors to run in sequential strings - the output of one serving as the
input to the next - with astronaut inputs and displays all working proverly.

As of last week all MDRB's [i.e., program modifications) under considera-
tion were acted uron. Specifically, it was agreeé to add the so-called
universal update in both the CiC and the LGC. This was the only modifica-
tion to the CMC and resulted in slipping the program delivery date about
one week. Other LGC MDRB's approved were a GASTR transformation which was
required in order to provide DISKY dispiays consisient with the FDAI eight
ball and addition of a minimum impulse mode for &re AFS.

Ihe\ affect of these modifications was to delay LZC program delivery approxi-
mately =z week and a half. Thus, our test current estimate of program
delivery for the AS-207 program is April 28 and the A3-208 program is May 5.
Of course, every effort will be mede to improve This delivery schedule.

Since work is proceeding again on the orbit rate =ight ball, I suppose
there may be some special processor reguired to compute and display initial-
ization cuantities for that dlack box. Paul SiuI? is checking into that,

as well as wvhat spacecraft this would be needed Zor, if any.

MCRB's which were not approved for the AS-20T DPregram were those providing
the capability for AGC steering of the SIVB simul=ting translunar injection
and manual takeover of the Sa furn during launch int~ zarth orbit. Taese
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two routines would have'resultejd in an additioral four weeks' impact on .
the AS-20T7 delivery, which was judged unacceptable. However, since a ~
test of the AGC-SIVB interface is considered mandatory prior to the lunar
landing mission, we have had no choice but to provide a unique program
for the AS-503 commend module. You recall it was our desire to fly both
the AS-278 and AS-503 missions with the same programs, but this apparentl
is not possible for schedule reasons for the CMC. The LM programs will be
the same. Since there is very little difference in the launch schedule
of AS-278 and AS-503, we will have to maintain tight control on new rro-
grams to be added to the AS-207 program for AS-503. . -

As I see it right now, the additional programs consist of: '
a) Simulation of the TLI steering of the SIVB.

b) Manual Saturn steering into earth orbit. (Holy waste-of;ti.me,
Batman!)

c) Use of star/horizon and sfar/land.mark observations in the on-
board navigation process.

MIT has been directed to proceed as noted above and will assemble a pro-

gram development plan for the AS-503 commend module program. I assume
that soonest possible delivery will be in the order of a month after

AS-20T - say, May 26.

Howard W. Tind=11, Jr.

Addressees:
(See attached 1list)
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Ground rules for MIT man loading for AGC programming o GATE

This is really for my own records, but in case you are interested, we
presented the following ground rules to MIT with Bill Kelly's (ASPO's
MIT Contractual Officer) concurrence. These ground rules were to cover
the work they are doing in revising their man loading estimates for
contract negotiations which are coming up in the next couple of months
covering their work for calendar year 1967.

1) Unique programs, both hardwire and erasable, are required
only for: .

a) AS-204, AS-206, AS-207, AS-208, AS-208B IM
b) AS-501, AS-503 CM, AS-50L IM, AS-504 CSM

2) Aside from AS-208B (i.e., AS-278B), no special programs are
currently planned for any backup or contingency missions.

3) Although follow-on flights are scheduled, no unigue hardwire
programs are to be developed in their support.

L) However, for scheduled missions not listed above, it is recog-
nized that work is required of MIT which must be man loaded, such as:

a) Generation and verification of erasable memory.

b) Update cf documentation.

c) Additional verification and perhaps error analyses associated
with differences in the mission plan from that for which the
program was originally developed.

d) Etec.

5) MDRB action is certain. MIT shall man load to support this
activity, defining the extent to which they plan to be able to resrond;

i.e., number and co:plexity of MDRB's anticipated per missiox.

£} c £5% or =120 (e.g., AS-50LC) missions ars %t T2 innlufsl in tns
oy
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7) It is recognized that z rumber of missions will be transferrad
from main line Apollo To AAP or EXF0 which will require progrerniin
support from MIT. This work will Sz covered Ty contract chenges Taced
on negotiations with MIT at a lzter éaie.

Incidentally, Larry Fry and I mo.de a rough estimate of the procavie de-
crease of the MIT proposal as a result of deleting AAP effors from the

original proposal. It came out to »e in the order of $500,000. We zre
also doing a certain amount of trimming in other areas wiich may yield
up to another SSO0,000 or so, but I expect that will be about the limitz,

RN !
_>§7 ; Vi c,\:‘_.‘_a‘..'/"-.,\
Howard ¥. Tindall, Jr. Y-

Addressees:

EC-/R. C. Duncan
EG/R. A. Gardiner
EGLL/W. J. Rhine
XA/R. F. Thompson -
Pphi/A. Cohen

PP7/W. R. Kelly
FA/C. C. Kraft, Jr.
FA/S. A. Sjoberg
FM/J. P. Mayer

FM/C. R. Buss

FM/M. V. Jenkins
m™12/J. F. Dalby
™13/J. P. Bryant
¥ML4/R. P. Parten
TI/2ranch Chiefs -
742/T. F. Gibson, Jr.
Me/R. 0. Iooles
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T%2/i. A. Fry
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Small program ¢Mnge needed in the AS-501/502 AGC progr ;’_ l/
. DUE DATE ,
In the course of development of the AS-206 computer program—eat-MWiF,—e

coding error was discovered which was immediately recognized as being .
common to the AS-20% and AS—SOl/ 502 programs. It is a scaling error,
if you know what that means, which imposes the operational constraint
of not operating one of the integration programs (1.e. , Average G) at
an altitude in excess of about 3,000 n.mi. Whereas this should pose
.no problem on AS-20k, we have some concern about AS-501 and AS-502.
Specifically, during the nominal mission, the Average G vrogram is set
into operation when the spacecraft is at an altitude of approximately
2,500 n.mi. Errors in the state vector update sent prior to the pre-
vious maneuver which places the spacecraft in this high altitude tra-
jectory, or failure to get that update into the spacecraft computer
for some reason, could result in dispersions wherein the Average G
would be called upon at an altitude above the 3,000 n.mi. limit. Of
course the guidance system would not recognize it was at the higher
altitude except that a second state vector update is transmitted just
before Average G is turned on in order to provide acceptable reentry
.conditions and landing point control. The whole problem results from
poor quality updates or none at all.

In examining this problem with MIT, it was determined that approximately
eight words of the program would have to be changed to eliminate it. Of
these, six words are three double precision constants and two are program
steps of some type, I think. They are all located in a single rope module
and since they are so completely isolated, a minimum re-verification ef*"ort
is required to certify the changes for fllght

Ropes for the AS-501 program are currently being menufactured by Raytheon.
It would be unwise both in terms of schedule and cost to interfere with
their completion. The rope modules which they are now producing will be
perfectly adequate for verification tests and could even be used in
flight if we are willing to accept the danger of an erroneous state vector
- update or the failure of it to be received. On the other hand, it is
currently our consensus that we would ve wise to manufacture a single new
module to be substituted in the spacecraft when it's available. It will
cost about $15,00C and will take abvcui 30 days to make starting after
delivery of those now in process. The cost in effort and treasure is

- -
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justifiably small to procure the insurance the new rdpe would provide
for possible update problems, particularly considering the current

level of confidence we have in that dbusiness. It is our intention to

Proceed unless directed otherwise.
incidentally, it is my understanding that one of the maneuvers on the

AS-502 mission is carried out at an altitude in excess of 3,000 n.mi.
and thus we will have no choice but to make this correction for that

Al ol

‘Howard W. Tindall, Jr.

Addressees: T
(See attached list)
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1GC program status for AS-206

Q\S

Ve spent a lot of time at MIT last week wrestling with the AS-206 prob-
-lem. Although in a previous note I expressed some optimism regarding

" . possibility of recovering some of the one month slip MIT draped on us,

they have convinced me now that there is really not mich chance. As a -
result we pretty well convinced ourselves that it will be necessary to
release a tape on December 27th, our old flight program release date,
for mamufacturing ropes to be used for spacecraft systems tests at the
.Cape. At least this "B-release" will be needed unless the Aurora 88
programs can satisfy that requirement. MIT points out that if it is
necessary for them to test the B-release -assembly and determine it's
deficiencies, that effort vz.ll result in a further delay in release of
the flight program. Ve are looking into the possibility of doing that
sort of program checkout on the Bit-by-Bit simlator here at MSC if it

~_can be made ready in time. It appears to me we can't do much more to

improve the situation.

 MIT has brought in superstars Alex Kosmala and George Cherry oﬁ a part; .

time basis even at the detriment of program development for the AS-278
mission; we have reduced the program reguirements to the limit even to
the extent of deleting thorough restart protection - a subject which I
shall discuss in a little more depth later. We are retracing the AS-204
footsteps almost exactly and as we did that time will attempt to derive
maximum benefit from whatever flight schedule slips are experienced,
although right now we certainly can't count on amything like that.

Regarding the elimination of restart protection, I would like to point A

out that this isn't a closed issue since G&C have expressed much concern

over this. Apparently in the design of the Block II computer, decisions
were made based on the assumption that restart protection would be pro-

- =

¥ R

¥ % .
2
A:Y..t

NVTNNARINS

r
A

vided in the software. They feel the probability of encountering restart .

situations on Block IT flights is relatively high and could result in

disaster if not handled properly. Ed Copps made a guess that to provide
complete restart protection would cost another couple of weeks for pro-
gram delivery, but it mst be emphasized that that is just a guess. I

gather that it really is a rather complex process to go through the pro-
gram and make it completely insensitive to interruptions which can occur
at any time. Our current direction to MIT is to provide restart protec-
tion for those periods during which the probability of occurence is very.
high, such as staging from the descent to ascent power. At other times,
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) in the event of an interruption, the computer will send the engine-off

H ".  signal and will release the digital auto pilot. Protection of the state

T ' vector and current time is also provided and mission phase registers are -
cleared such that no further activity will be called for by the computer.
What this amounts to is that things are put into a more or less dormant
state which will be known to the ground pre-mission such that it should
be possible to issue new commands in an intelligent manner to get things

" going again. It probably will be a major undertaking in the MCC and may
have implications on the RTCC program. Obviously it's not 'a good substi-
tute for restart protection. Therefore, we have requested MIT to examine
this subject in more depth, first of all identifying to us procedures to .

. be carried out if we stick with the program as described sbove, and second

- to let us know with somewhat more precision the schedule impact associated

- with more complete restart protection. ‘
l _ -

" Part of our meeting at MIT included participation by Grumman, which
resulted in a couple of things. First of all, in response to our strong
recommendation, they have finally agreed to send one of their men to MIT
on an almost frll time basis for the next month or so in order to provide
themselves witk a first-hand knowledge of the program status as it devel-
.ops. MIT is ccmpletely in accord with this. Another matter discussed
concerned Grumran's recommendation that a third APS maneuver be carried
out. An on-the-spot assessment of this indicated that it should be
possible to initiate such a maneuver from the ground using the APS-2 oo
mission phase rrocessors and that no program additions would be required . .~

. if Grumman were successful in talking the ASPO office into doing it. '

Howard W. Eindall; Jr. - T
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And that's about it -
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(See attached list)

B T .

: | h

[P SUSI P IUrLE FOPIRRIY 3]
e .

PR WEVERERT VT 72V 1 Ny

PIYY LR FRVRETE NIFTALY T N

PRIV STV SF LIPS I TR TLLN

ETEVS PO W SV 1T TERR X

B O R T Rt T L SR IR EIRLr )



' [ 2 A TIEN N Y nc..'{o‘ !
maY 1550 LUNDA : . .
G3A 1P 0 41 CER 101-184 . C—- S
- I iAcho'.'l I to

- i UNITED STATES GOVERNMENT

a0 R. RAGAN :
~ Memorandum, ___ =

> -AP \-—//

P E TR |

TO : See list K DEC 5 1368 - DATE: . kil £ 8. 1956 | -
S . _ &gﬁ. yXA/B o~

. . R. RAGA! T
.. FROM : FM/Deputy Chief, Mission ﬁaming and 66-ru At el I
PR Analysis Division Qﬁ £ =
. " SUBJECT: More interesting things about our work with MIT A e, b |
_ DUE DATE

I always start out these MIT newsletters with the hope They will be SROTT
enough that you'll be willing to read 'em. A couple of things came up at
our Program Development Plan review on November 16 there that I thought I
would pass on. . .

1. It's becoming more and more obvious that the program development
facilities at MIT - both digital ard hybrid - are going to be severely
saturated during the first 3 or 4 months of next year. During that period

o we will be working simltaneously on the AS-206, 207, 208, 503 CM and two .

L . 504 programs, and we certainly will not have the second hybrid on the line. -

i .- - And so all this work will be dropped on the two 1800 digitals and the sin- -
gle hybrid facility until the IRM 360 digital computer is made operational. .
Since I am convinced the 360 readiness will not- come early, I have asked = =
MIT to set up a special task force specifically to keep the development of N
that facility progressing at the greatest possible speed. In addition we . .
propose to help as much as we can by doing such things as preparing pro- -
grams here at MSC for use in checking out the vital MAC compiler being

.. . developed by one of their contractors.

2. It is my understanding that all AC effort on program development
being carried out at Milwaukee shall be terminated upon delivery of the
i AS-501 documentation which is scheduled for delivery on about December 5.
NS S " The nine AC people who were sent to MIT for work on AS-501 are all bemg
AR retained and are now working on AS-206. _ .

3. It looks like we will be able to have a meaningful computer storage
review in January. Ed Copps pointed out it is not only lack of storage.
that's going to trouble us, but also other things like the limit to the num-
ber of verbs and nouns, whatever they are, that are available. :

4, Rick Nobles and his guys struck a vein of gold the other day up’
at MIT in the form of detailed flow charts of some parts of the program. -
These flow charts are the form of documentation everyone felt in their
bones must be available somewhere 'cause you just can't program without
something more definitive than the GSOP. Now that we have discovered them,
MIT has agreed to let us use them with the understanding that they are not

H : controlled documents and that MIT retains no responsibility for their
zecurzgy and zu2lity. We zre deliziitzd to accedt the flow charts under
o o ; wiil Ior revyroducing and distributing them - -

Taose terms znd will be :esncnsm’le-
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tc whoever has nead ic now. I wrul

ways meintzined that The MIT dotiuiinteti

in the area of flow charts and I bave every intention of empha51z:.ng tha.t
battle as soon as we get our program fevelopment plans in shape.

5. Some weeks ago we discussed the possibility of having several
MSC people associated with flight crew working in residence at MIT with
Jim Nevins' merry band on the development of Chapter 4 of the GSOP and
associated crew procedures. Our objective was twofold - to speed up com-
pletion of that work for AS-504 as well as training these people to service
the flight crews in their training for these tough Block II missions. MIT
is still anxious to have these people come, but I understand from a brief

discussion with Joe Loftus, who is handling this matter at MSC, that he bas

- run into some problems. I certainly hope he is able to overcome these soon

- because it sure looked like a good idea to make MSC as independent as possi-
"ble of MIT in the training of flight crews. '

6. It looks like our biggest schedule problem will be delivery of
the AS-207/208 programs. Although we have been meeting our AS-278 milestones
with regard to GSOP delivery and program coding pretty well, MIT has recently
revised their estimate of how long it takes to perform program integration
and verification. It seems to me that the only way to improve the delivery
schedule is to get the facilities MIT needs as soon as possible, as noted
above, and to reduce the amount of work that is required. We are pursuing
the idea of establishing processor priority lists both here and at MIT with
‘the intent of carrying slong 21l of them (including those unique for AS-503)
in the AS-278 program assemblies, but giving maximm emphasis on the debug-
ging and integration to those with the higher priority. For example, it's
evident that it is not recessary to have the entire concentric rendezvous

: flight plan operating tc perform the AS-278 mission, since the maneuvers in

those : re-rendezvous mission phases will be established pre-flight and/or by -
ground control a la Gemini with the need for onboard maneuver determination
starting only at TPI. I'm sure there are a number of other processors which
could also be labeled not mandatory for the mission. It is our intention to
see just how far we can back off in an effort to help the schedwle. It is
rather depressing that we have to take steps like this, but the advantage of

" this approach is that if the program integration proceeds faster than antici-

pated, or if more time becomes available for one reason or another, it will
only be necessary to start working on processors which are already in the
assembly, which is a much easier thing to do than to add them in when a re-
prieve occurs. And of course it gives us the option of accepting delivery of

a flight program in which some of the lower priority processors are not work-

ing in order to obtain it sooner.

Wasn't very short was it, or interesting either, but I'1l be darmed if I'll
throw it away after gettmg it to this stage.

ward W. Tlnda].'!. Jr.

.Addressees;
(See attached llst)
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DAP initialization simplification A
DUE DATE

Ken Cox, Rick Nobles, Charley Parker and I got together to see what coulcd
be done about reducing the number of crew displays and inputs associated
with the digital auto pilot (DAP). As you recall, the DAP's reguire ini-
tialization by the crew who specify the spacecraft configuration, choice
of RCS quads to be used, dead-band, RCS jet failures, etc. These quan-
tities are displayed to the crew prior to each maneuver and must be over-
ridden if unsatisfactory. We see no way around those displays and inputs.

- It was our desire to attempt to reduce or eliminate the requirement for
input of additional quantities such as spacecraft weight, moments of iner-
tia, initial engine gimbal angle settings, etc., prior to the imitiation
of main engine maneuvers. It has been noted on numerous occasions that all
of these parameters could be determined by the computer itself to well
within the degree of accuracy required. For examrle, it should be suffi-
cient that the final engine trim angles experierced durirng the previous
maneuver be used at the start of the next; the w2izht and moments of in-

-~
-

ertia are more-or-less dependent upon the amourt cZ main engine propellant
which has been expended. A running account of in:: propellant expended
could be continuously carried in the computer prciua2bly based on.AVm, which
is computed during each maneuver. Ken Cox has protared curves of each of
these quantities as functions of weight which can e used to prepare linear
approximations as functions of the sumration of £%¥_ to be supplied to MIT.
It is to be emphasized that the only reason these Tarareters need ve com-
puted on board is to provide a backup for communicztion failure or lack of
a ground station at the time it is needed since i< is the intention of the
Flight Control Division to update these parameters from the ground rou-
tinely. Therefore, it 1s our desire that these cua2ntities be computed arnd
stored away in the computer at the conclusicn of =ach main engine maneuver
rather than just before the next so that the grou-:i surpiied datza is not

- wiped out by the less accurate values computed c¢.. - :arc.
It is our intention to tell MIT that there is n- :irement to édisplay
these quantities to the crew, and the program . © cesigned that way
unless we are-informed that this is unacceptabli: ~zpresentatives or the
flight crew. T they feel it’s necessary to sesc ~s2 displays, then it
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must be with the understénding that tﬁererwill be no spécial sutomatic up-
dating of these guantities. Rick Nobles is going to check this out.

MIT was requested to prepare an MDRB based on a description of the require-
ments noted above given to them over the phone on December 19. We'll
attempt to get it in AS-258 but if the schedule impact is too great (as it
probably will be) we'll get it in AS-50L.

C&M@m \»

Howard W. Tindall, Jr.

Addressees:
(See attached list)
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We've bit t1e bullet on GRR DUE DATE
The fact that the 205 IM is the only 124 to be powered up when leunched
presents a requirement for some unique manner for the G&N to detect or
at least be informed that liftoff has occurred. In the absence oi' a
hardwire liftoff signal, it had been Inteunded to transmit a guidance
refercnce release \uRh) discrete by means of an IF link to ths guidancs
system at a pre-determined time prior to 1iftoff. Most recently this
value vas at T-30 seconds in the countdiovni. Once this signal ivas sent
there was no vay to stop the platfor: from being relcased and the compuier

" transmitting comnends on its »oresetv sequence. This has caused o greai
éeal of concern cverywhnere, - at MIT, at the Can , and here a2t MSC since
Saturn countdowm history includes some rather weird holds. Our vroblenm
was that any interuption in the countdovmn occurring after GRKR was trans-
mitted would force a recycle of about 2 hours to get the G&N squared away
again and could very likely result in scrubbing that launch attemrpi. NIT
has proposed a fix for this by a change in the sp»acecral't computer vpro-
gram which we haie decided to implement. It is %he purpose of this memo-
randum to inform vou of tnis rather significant rrogremming chance.

In place of a hardwire cr RF signal of 1liftoff, woe intend to detect the
chance in accelleration that occurs at liftolf by the guidance systen
itself. Since tke platform is activated long before this time, it is

-V

merely nccessary to provide z small, relatively simple programm for :mon-
itoring the4V which, when a vre-established thwzshnhold has been exceeded,
could provide a discrete to t:z treated precisci;s =s ths GRR signai. Ob-
viously this is not any giganiic brezkthrougn : the sense we have
ncept seems ded, I'm sure there

decided to do it. Although =iz cor . Tom

will be some continuing discu-=lions as to the ti- "4 to be selected.
MIT is currently proposing 1.2 g£'s. (Recall the . ‘s expe:xiencing 1 g
prior to engine igniticn). I “or 4o permii 7 ) i Lo rase o on

this subject, the threshholdl e 'OcauCC ) 1 stora
choice to be made but whic " t
prograa is whzt system shoul.
would prefer using the &V mc:

\ = -y .. =-
sal sent withnin

the last seversl seconls pri- : € 1se the liftelf mey
not be detected for zs much a- © scconds -sult ir s;m2ll
spacecraft state vecier error: Toem osure Ul g’ ole for tne conirol
Fres 7780 Teplz ool ly ou 1ie P R
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of the flight will insist that the G&V 4V monitor be prime and the GRR
discrete via RP would be sent only as a backup in the event some G&IT Tail-
ure has been detected immediztely after liftoff.

It is probably worth pointing out that MIT is anxious to make this change
and are confident that it is something they can really do without running
into trouble. They feel.the impact on program delivery is negligible and
in fact point out that their effort required for this programming change

and its verification will probably be less than that required for the de-
velopment oi workaround procedures involved in the recycle countdowvn. I

ve run into some sort of ingurmountable problem not unforseen at this time,

it should be a relatively simple matter to retreat to the system we had
before this change, at least insofar as the spacecraft computer program is
concerned. The basic programming to handle the GRR sigral is not being
changed. Accordingly, if we revert to the procedure of sending GKR at
T-30 sczeonds it will only be necessary te change the value of this time in
the erasable load.

~Well, that's about it. I hope everyone will be happy about fhig. I know
- I am, if it only cuts dowvn on the number of teiepuone calls on this hor-

rible subject.

() WY.L OQQ,_ S\

1ozrarc1 W Tind: 11, Jr.

Addréssees:
(See attached 1list)
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SUBJECT: MIT's digital computers arc saturatod’ ' beeomas

op=rational

I guess I ought to record the saga of the MIT 360 comruter, if only so
that it may take it's proper place in history. It is a little adventure
which has been going on in the shacdow of the more dramatic crises at MIT
ané is now rising to the surface-in it's own right. Although it looied
as though there was not much we could do about it excevt watch in fasci-

~nated horror, we rave taken some steps which I hope will be effective
and which might irterest you. '

As far as I can tell, somewhat less than a year ago MIT foresaw that thae
two Minneapolis Hcneywell 1800 digitel compuiers they are using for space-
craft computer prcgram development would be inadequate at some time in the
future. In the atsence of good programming vlans, it's hard to know how
they either predicted this would be the case or were abie to convince any-
one of it. In fact, I guess they did have a bit of trouble since it wasn't
until June that ul-.ey were finally given the go-ahead to procure an IBM 3£0
by MSC. Installation of this computer has proceeded, ziong wiin trainina
of MIT personnel. to use it. IBM contracted to suprly some important ,1:
cial programs, which they have apparently delivered on cchedule, and MIT
has prepared some others to permit use of this fzcility. 2ut the onz
which now appears ;jto be the most critical of all is the IFAC coampiler - 2
complicated service program which translates syrmbolic programs into ccmputer
language. MAC is the MIT eguivalent of IBM's Fortran, except that it is
said to be superior. The development of this progrem was contracted to
Hankins - a Boston outfit employing between 4C <o 80. pecple, derending on
who tells you. The compiler was to cost atout £1.70, 000 and was %o be
delivered January 15th with a $200 a day penalty clavse in the contract
for late delivery; Hankins refused an incentive reward for eazrlier delivery.
I have no idea how the January 15 date was selected. But I am certszin of
_one thing - it is abozt two months too late. The fact is the AS-206 pro-
gram development by itcelf has now saturated the two 1800 digital computers
and it's evident tne o:.tuation is going to beccrs much .worse before the

I3 350 becomes operational. Devugging and intezration of the AS-20T7 and
AS-208 prograns has 3...“ begun, and this activityr will impose a very heavy
loacd on the digital conmgputer facilities very soon.

Hankins is not going to deliver on schedule. 7Trey oziimate a slip of about

approximately 6 weeks. OF course, delivery of .n» :7.C compiler around the

Fr Poyes Play
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1st of March does not by any means guarantee opecrational capability at
that time - it will proovably take at least another month to get the
system working. Unguestionabvly the lack of adeguate digital corputer
facilities at MIT during the first months of next year is going to impact
delivery of the AS-207/208 programs vadly, which is going to be extrcmely
painful to bear. ’ :

What can be done about this? ™Well, MIT has odtained as much programming
assistance for Hankins as is worthwhile in an attempt to prevent his
delivery schedule from slipping even further, although I sure wouldn't
count on it. We are attempting to identify all tasks that could be
transferred from ¥IT to our CDC 3600 simulation facility at ¥3C. We have
also offered to supply our 3600 software packages to MIT when completed
about the first of the year for their use on whatever 2600 systems are
aveilable to them in the Boston area. These steps may help some, but do no
really solve the basic problem - namely what has hapvened at Hankins. In
spite of recent discussions with them emphasizing the importance of this

.pacing item, it becomes apvarent that management of that organization is

immature and unstalle - completely unreliable. MIT and MSC have agreed
that to maintain an approach depending solely upon Hankins is unacceptable.
In our joint searcli for some way to work around this problem, it has been

concluded that the best "backup" course of action is to replace the MIT

developed MAC prog: ‘amring system with the IR Fortran which, of course,
exists right now and is said to be working well on the 360. This mzkes it
necessary to complctely recode the simulation programs, those defining the
environment, spacecraft systems, worll earth models, etc., into Fortran.
Howvever, since thesje two compiling systems are so similex, this conversion
is not expected to be a very difficult or corplex task although it wilil be
time consuming. hese programs are very large. Since the CDC 3600
facility here at M;C will also use these MIT simulation programs, we have

t

been routinely obtiining and documenting them. It's our intention to supply

this material to M for the use of their subcontractor, probably IBM, who

will be given the ‘;ask of this conversion. It is anticipated that parts of

this simulation wi_l ve available for use during the latter part of January
and the complete package should be finished in less than two months. Thus
it is evident that this is a quicker approach for getting the IBM 360 on-
line even if you volieve the mew Hanlkiins delivery schedule. But T must say
I have no faith whatsoever in that organizationin spite of MIT's vaiiant
efforts to support them.

I am very pleased ‘to report that key personnel at MIT have given enthusi-
astic and wholehearted support to this plan. They have worked very hard
to solve the problems and to get IBM on-boaré ancé working promptly and
efficiently. I understand that 1f the Fertran approach succeeds as we
anticipate it will, MIT will provably not mzintain the simulation programs
in MAC language for the 360 but will converi over completely to Foriran.
Of course, they will have to carry along the Mil sirmulation system Tor the
1800 computers as long =5 we continue to use ther: 2°: ¥IT. My personal
opinion is that we will still be using them at tho ' of next year.

77
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Aside from cutting back on the programs and thus reducing the work re-
quired, relieving the overloaded digital computer facilities at MIT
seems to me to be the only course of action availadle to improve the
delivery schedule for the AS-205 and AS-208 programs. .Although it has
taken some time to arrive at this solution, I believe it to be the best
we can €o unless you want- to pray thet the flight schedule will slip.

Al O

Howard V. Tind

Addressees:
(See attached list)
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Uplink will be on IM-L ' l L

A decisicn vas mede yesterday which I am sure mzke a 10T ¢l »elpiz

happy. ASTO has finaity decided io eguip the with 2 digital uvp-
link, Crviously, th2 assecizted computer programs mush be 24ded to the
AS-504 IM program. I assume that these are the same as those develop=d
for A5-208 and should present ne significant problem.

Apparently it is too late to equﬂ'n the AS—=O3 IM in this wey, put since
we are using the A3-208 program for that mission, that has no iniluence
on our progremming requirements. Please take vwhatever action Is appro-
priate regarding tecunical direction to KIT.

o m——y AT e
R e

Howard W. Tindell, Jr.

cc:
CF/C. C. Taomas
CF2k/C. A. Jacobson
EG/R. C. Duncan
£G25/W. H. Hamby
EG43/R. E, Lewis
%/A. Cohen
FCL/R F. Brooks
r.u/..:. B. Hammack
FB/J. P, Mayer
I‘M/C. R. Huss
FM/M. V. Jenkins
Fi2/P. J. Stull
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Rope manufacture for AS-5C2

Tais note is to inform everyone that the AS-502 spacecxa?n‘vc pater
program ropes will be made precisely the same as those Tor AS-501.
Specifically, it is MIT assembly Solarium 55. You recall Solarium 54
was our origimal AS-501 A-release, but it was necessary to make a
modification in one of the rope modules to coxrrect a scaling proble:x.

Cline Frasier was given the recommendation to direct Raytheon in accord-
ance with this on January 6, and it is my unéersianding that he intendzd
to have Raytheon begin rove mamufacture for AS- 502 irmediately. ZFe in-
formed me that the mamfaciture of the AS~501 rcpes will be ccmpieted Ty

about Jamuary l2th.
C]E \
A J,Q@DN A Qm-/xj_

Howsxrd W. Tindall, Jr.

Addressees:
(See attached list)
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SUBJECT: No special spacecrafi ccmputer programs are tc be Qé:;;ufgn aSEs {
AS-2083 and AS-503 ’ DUE DATE !

The decision has been made by the Apollo Program Manager that unique
computer programs need. not be developed for missions AS-2082 (1) and
AS-503 (CM). This decision was brought avout due to corcern thnat

effort on these prcgrams would aifect development of the m2in lin2
programs. It is certeinly consiztent with mumerous other acticns <Te:
recently in support of this zctivitiy such as augmnenting the MIT steff
and providing additional facilities for this work.

AS-2083 LM:

As you recall, MIT had been directed tc develop a I program in suppert
of the AS- 258:3 alternzt2s mission To be fiown if some failure om 85-205
precluded flying the AS-258 mission as planned. It was to provide tre
capability for the crew to iritialiize the system such thet it cculc
carry out an unmanned meneuver seguence basically eguivalent to that
plarned for AS-206. The only addition to the ho-206 program for AS-2083
was the capability of performing an inflight a2lignment of the piatferm
by the crew. Althougn MiT has teen directed to cease work on a vnigue
AS-208B program, they have been requested tc investigate the use of the
AS-206 program without change for the AS- 2588 mission, I feel there s
a good chance that by a combination of special crew procedures anc.
assistance from the ground, technigues ccuid be developed Tor carrying
out this backup mission with tha*t progrzm.

AS-503 CM:

It had been felt desirable to add three capabdilities listed below to tre
AS~205 CM program specifically for the AS- p" mission. Since the schedilz
impact was unacceptable for the 4S-253 mission, direcition had been given o
MIT to develop a unigue AS-503 cormzné module program consisting of the

basic AS-205 progran with the Tcilowing adéed: (a) astronaut steering cf
tne booster into earth orbvit, () suar/lanc:n rX and star/’norizcn zevigz-
ion, and (c) TLI steering o the SIVE. Now, based on a review by the

o

Apoilo Program Mznager, it kas deen concluded thet the over-zil Apoilo
oroject will penefit more bty using the £3-205 program as is. MIT h=s

g

been directed in accordance ith this decision.
Fery T ° Sgving: Bo e Tepylawiv prn ths Baee U7 T s Bl
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For the sake of completeness, I might point out the rationale behind the
decisions for these deletioms.

a) It has been concluded that astrornzut steering of the booster is
not required for main line Apollo. At some later time, when schedule znd
storage permit, it mey be desirable to reconsider this addition. Agree-
ment has been reached by all responsible management personnel, both nere
at MSC ané at Headquarters, on this subject.

b) It is felt that adecuate experience and confidence may be ob-
tained in the spacecraft navigation mode utilizing star/landmark and star/
horizon observations on AS-503 by merely making the observations as pre-
viously planned, but not processing tkem onboard except to include them
on the downlink for post-flight analysis.

c) Although some elements of MSC have been proposing that command
module guidance steering of the SIVB would be prime for the translunar
injection (TLI) maneuver, the Program Marager emphasized that this is
not MSC's positicn, ard as a result the only purpose this program could
provide on AS-503 is a backup in the event of a failure of tke Satuzm
guidance prior to the maneuver. Adeguate altermate procedures are avail-
able for post-flight analysis of the spacecraft guidance systems to deter-
mine if it could have handled this task properly in the absence of the
actual TLI guidance program.

I should point out that it is currertly planned to include the capsrili-
ties discussed in both (b) and (c) in the AS-S04 command module prograz.
3
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Significant modifications currently planns 4 in tﬁe Apbllo Spacecraft
Computer Programs
| Dug pATE

Quite a number of decisions have been obtained from the Apollo Program
Manager affecting the development of the AS-258 and AS-504 spacecraft
computer programs which I am recording here for my own later referencse.
As usual, I will sernd it along to you on the chance that you might be
interested.

RCS translation mareuvers:

Although provision was being made in the AS-258 and AS-50L4 computer pro-
grams for G&N controlled RCS translation maneuvers, this capability is
being deleted. As I understand it, the flight crew supported this deci-
sion which implies that all RCS translation maneuvers in both the command
module and LM must be performed menually.

Auto proceed:

Auto proceed is the misleading term which has gained popular usage to
define a capability requested by the crew for simplifying the procedure
whereby the computer is commanded to progress on to it's next function
with minimum input from the crew. At one time it was proposed that there
be no input at all from the crew under certain circumstances. However,
at this time the goal apperently is to provide the crew with the capa017-
ity of making a "Proceed" command to the computer by a keyboard button
assigned exclusively for that function in place of "Verb 33 Enter"” - 2
L-punch operation. No modification is currently planned associated with
this in the AS-258 programs. However, Dr. Duncan has stated that it is
his intention to provide this capability on the AS-504 and subsecuent
spacecraft through the redesignation of the "standby" button.

Direct intercept:

This program, which provides the capability for the crew to target a mini-
nmxlAV, 2-impulse rendezvous sequence oI maneuvers, was originally included
to provide a flexibility it was felt might be required. Rendezvous mission
planning, including aborts at the moon, has now progressed to the point
where there is no recognized need for this processor, and as a result it is
to be deleted from all Apollo spacecraft computer programs.

Buy U.S. Savings Bonds Regularly on the Fayroll So-7-2 Plan



IM S-band antenna steering:

Although it had been tentatively decided to drop this capability, more
definitive mission plexrning nas reveeled tinat there axrs critical periods
in the mission, particulzrly during descent, wherein crew activity
demands computer assistance in steering the IM S-band antenna to accuil-
sition with the ground. Accordingly this capability is to be provided
in the AS-504 1M program.

IM platform alignment while docked:

The Program Maznager feels some provision should te mede for alignment of
the IM platform whiie docked without attitude m2neuvering of tne craf<t.
Tne procedure he proposes is for alil necessary computations unigue to
this process to be carried out in the IGC utilizing data already availi-
able from the CMC programs. It is probably too late to provide this
capability in the AS-208 program, but it should be available for AS-5CL.

DPS backup of S¥S:

At one time there was some consideration given to deleting the DTS backup
of the SPS5. Since procedures mmst be developed making large DPS maneuvers
docked on the development flights, this proposal has been dropped.

Descent guidance:

Another major program change which has been under consideration is to
substitute for the current landing site targeting a fuel saving approach
referred to as "range free". In view of recent developments associated
with the IM spacecraft hardware, this proposal is not considered a reguire-
ment at this time, and so the descent guidance will proceed as it has with-
out change. However, analysis will be carried out on the G&C proposed
modification to the descent program which would permit a range free option
if that should become necessary at some future time. Thais option will not
be included in the AS-50L 1M program unless time ard storage permit. A
decision on this matter provably need not be made for another fouxr or five
months. ‘

Cur long awaited "Black Friday” review at MIT is now scheduied for Thurs-
day, January 12, 1957. At that time other modifications will protably be
made for storage reasons based on priority and size of the various pzoc-
essors and their options. It should be lots of fun. IT11l let ycu kaow

if anything interesti=ng happens.

—
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H ward W. Tindali, Jr.
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Latest on the AS-206 spacecraft computel QUROARE

During the January 11 program development plan meeting at MIT, a couple
of things came up regarding the AS- 206 program that are proba.bly worth
recording here.

- The most significant one, affecting date of the program release, involves

verification testing. MIT has laid out a complete test plan of about 46
rups, It was their strong recommendation that if time permits, i.e., if
other factors are delaying the flight sufficiently, they should carry

out the entire test plan. This would flight qualify the program not only
for the nominal mission, contingency orbit insertion and launch aborts,
but also would verify the system's capacity for tolerating spacecraft
systems failures such as RCS Jets or computer interrupts, etc. Toney felt
they could do the whole business by February 15, going into configuration
control about the lst of February. Alternatively, MIT and MSC people
have identified nine computer runs which the program m:st execute success-
fully before we would be willing to use it in flight. Trese mandatory
tests could be carried out within the previously stated schedule with a
release on about January 30. The Apollo Spacecraft Program Manager gave
permission to slip release of the flight program to do the mcre comolete
Jo‘b in accordance with our recommendation to do SO on January 12,

You will reca].'L our agreement with Grumman to release a program tape to
them whenever they felt the program and their facility were ready. It is
my understanding that we are making the first of these program releases
on about January 18 along with sufficient typical test runs and verbal

" instructions to permit Grumman to make the most of it. Since early Decem-

ber, Grummn has assigned one of their better people, Clint Tillman, to
duty at MIT for about two or three days. each week. This arrangement seems
to have worked out very well from everyone's ’riewpo:mt I'm very pleased
to report.

The AS-206 operational trajectory has just come out and apparently is
based on four-second ullage. Since this indicated there is some confu-
sion, Tommy Gibson and I thought it might be worthwhile to reiterate here
that the spacecraft computer program is being designed with thirteen-
second ullage as previously reported. This duration was selected, you

recall, to provide adeguate ullage in the event only two jets are active. -

It was our way of protecting against RCS Jjet failures without providing
logic for changing ullage time in that event.
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We have experienced considerable difficulty in obtaining from the
Engineering and Development Directorate the necessary propulsion system
data needed to complete the formulation of the spacecraft computer pro-
grams. Response by that organization has been completely unacceptable.
I suspect this is partially due to the rather informal manner in which
this data was requested. It is obvious that we cannot continue to
operate this way, and so in the future requests for this information will
be made on a much more formal basis -~ smothered in the usual stack of
paperwork, sigred by the necessary managers around here. It is evident
that if we fail to deliver this data on schedule to MIT, slips in the
delivery of the flight programs will be charged to us - and with some
Justification.

You remember the business we went through some months ago regarding the
attitude hold mode to be programmed in the LGC for use during separation
of the IM from the SIVB. Without going through all that history, it is
probably sufficient to report that MIT has finally concluded they can
develop a better program providing inertial attitude hold rather than the
‘attitude rate hold I previously reported would be programmed.

For whatever it's worth, I might summarize my impression of AS-206 pro-
gram quality. In spite of considerable difficulty in pulling this program
together at MIT, Jim Miller and Dan Lickly have done a commendable profes-
sional job, and I really expect this program to perform very well for us.
Considerable credit is also due Tom Gibson, Carl Huss and a number of
others in providing the necessary coordination and input from MSC. I
don't know why I'm sticking my neck out on a prediction like that. Just
living dangerously, I guess.

AN

_ Ua
~ Howard W. Tindall, Jr. )

Addressees:
(See attached 1list)
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- loag AS-206 program development @iiscussicn at MIT on
an:l scme things came up you might #3ind interesting

We had another
January 26th,

First of all, there is oniy ore missior phasc that hies nct heen sic-
cessfully miin at this time - namely, the second ATS maneuver. There
is some feulirie that this may be due to impropor Aargeting as opposcd
to problens in the actual program. Completion ol .e =avls*‘act)r,{ test
of tuhic mission vhzse will signal configuration contrcl of the assem.-
bly to be rzintained until the final release ¢l e p*o,g;"am. It is
plarned that verification testing to asswrs Zlight reacnness will be
complete cn Februaiy 15th, and we've set Pebruaryr LT7th as the date for
the formzl ¥SC review of the AS-206 progrem ve ._‘..c...tlon results.
acceptance of the program, prior to rope monuicin
}IT presentauon which will be here ir IHeuston

is based on ftuis

150 \-,

Although MIT insists that the Digiual futo Pilots -are adeaquate for the
missior, there are several program modificaiions. mnder consideration
in this area. 1In fact, MDREB's have been réeguested from MIT which must
be acted upon very pro*mtly if they are to be included. Zriefly, they
are the following: :

a) As I understend it, an instability, due: %o fuel slosh, hes
been discovered making it desirable tc modify the Kalman {iilter gains
in tue DPS D4AP. As presently designed, vhen the :CS tanks get fairly
empty, fuel slosh causes control to oscillate bacd: and forth between the
DS and RCS Digital Auto Pilots. Tais results im. ineffieient uss of R3G
fuel, zlthough it does provide adequate contirol eif the vehicle. B8ince
AS-206 does not have an RC3 propellant shortage, it is not mandatcry to
make the change until a late: mission. Tae primary advantage of doirg
it now is to get a test of the "ultimzte" systen.

b) At some time during the DPS maneuver, it was intended to freeze
the DPS engine positiorn, i.e., no further steerimgz cormands would be
given to the DFS and all coantrol would be carried. out with the ERCS. T‘v‘ s
had been proposed as an interim fix of the instai»ility problem roted
(a), but subseouent testing at Gruwuman of the DAP on their digitzl simu-
lation has shcwn that mlsahgn.nﬂnt of tune thrust wector from the space-
crafi cg actually results in e S fvel then is spent in

preater use of RCS

ferly air the PayrelZ Savk:
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controlling the fuel slosh incéuced instability. ¥e have requested en
MDRB to fix the progrzm so that it does not freszz the engine position.
(Inciden*':,ally, there is concern that engine tell 2hYlation or erosion
ey cause large thrust vector misalignment, and freezing the engine
deflection during the maneuver couid przsent a Ernlflcart prodlem in
thai event).

c) MIT is very much cancerned that insufficient data will be
collected during %he AS-205 flight for adequate mnalysis of the Digital
Avto Pilots. I% has been found that the PCM data will e saturated due
"to the unusual platform alignment which is required cn this mission.
Merefore, they are anxious to obtain another sowrce of this datza vaich
they have identiried as essential feom the very Lzginming. Oae of their
proposals is that the downlinXk be interruptued *Po*v‘ Tour or five seconds
during the DFS maneuver, substituting in iv's piace CDU) data sampled
every tweny mill 1=econ,.=.. W"thcr, they feel if. wvould be highly desir-
able to suppress the DAP during this period in ordecr that the data be
independent or contrdl activity. Almcst surely this type of pregran
modification will cost & lot of time even if zgrecment could be reached
by all parties that it was an acceptatle change tachnically.

I predict we will not make change (a) but will m2Xe change (t) since
it's so simple. T really am concerned abo:i not setiing the DAP data
for postflight analysis since that is one of tue nrimry reascns for
flying the mission in the first place. Recolulicn of wanether or not to
make change (c¢) will probably bounce ell oi‘ the wuy up to the Spacecraft
Program Manager.

MIT reported that it looks like nothing can te dome in either the ha-C.
vare or software to fix the AS-206 downrupt protlem. This, you recall,
is the problem resulting from higher priority computer tasks preventing
the computer from servicing the downlink reeds ever so often during
maneuvers. Tnis causes that data frame to be gerdled on the ground. As
"I understand it, it is possible to unscramble ihiz data postflight, thus
it is orly a reald time fligat control proble:: vnith we have recognized .
2nd agreed to live with on this mission.

I hear that Grumrman nhas not yet been able to use the tepes delivered 1o
them due to problems with their ownm Ffacility. I g2t the distinct iwpres-
sion that we have been "had" on this. Apparently Grumran knew their
facility would not be ready or schedule, and in cxder to salvage their
incentive points, gct us (MTC) to give them 2 waiver besed on our confes-
sion that the GFE computer program would not e zvailable as promised.

I guess we Texens are no match for these slick Few York yankees.

That's about it. Obviously our toughest job is going to be wrenching
-this program out of MIT's grasp, since to them guality still comes refore
_schedule. But that's just = little game wvie 23e pla2ying, and I don't

S0
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T used to think MIT was a little odd when it came to selecting names for the
spacecraft computer programs with all that weird preoccupation with the sun.
But now I see they were right all the time and the rest of the world is
nuts - let's name the missions sequentially as they lift off the launch paad.
Good grief, Charlie Brown! Having seen my error I'd like to apologize to
our Bostonian friends for the abuse - and worse - I used to heap upon them
and publicly announce the end of my campaign to change the program nzmes. I
think the o0ld ones are just great and recommend you learn to recognize them
if you're interested in this business.

NN

Spececraft computer program names

Vo
—

{

There are only five names you need to remember; they are:
a. SOLRUM 55

This contraction of the more familiar "Revision 55 of Solarium" was
adopted for the AS-501/AS-502 program when it was released to Raytheon for
rope manufacture. (The numerical part of the name is the number of the
program assembly on which the final flight verification testing was carried
out. This is a characteristic of all program names).

b. BURST 116

Contracted from "Revision 116 of Sunburst”, this is the name of the
program for the unmanned LM mission we used to call AS-206.

c. SUNDISK

Sundisk is the interim Command Module program now schedulec for
release in July which could be used for any earth orbital development flight.
It probably won't ever be flown but it's availability will ensure that £light
software does not pace the first manned mission. Dave Hoag suggested I
could remember this name if I associated it with the shape of the command

- module - sort of a disk - and, by‘golly, it's worked for me.

d. COLOSSUS

This is the name of the command module program designed to suprort
the lunar landing mission as well as all development flights anyone has




thought of, so far. According to Webster's New Collegiate Dictonary it .
also means (1) A statue of gigantic size; as, the Colossus of Rbodes, &
statue of Apollo, about 120 feet high, made by Chares about 280 B. C.
(2) Anything of gigantic size. :

Pretty good except, I miss the Sun.
This program and Sundance (below) will undoubtedly be updated prior to rope
manufacture for each mission, incorporating modifications and corrections

as necessary. 1 expect these will be identified by different assembly Dum-
bers rather than completely new nemes. : ,

e. SUNDANCE
You can remember the name of the LM program for all manned missions

by associating dance with the LM's lovely legs - another of Dave's sugges-
tions - and adding "Sun" as usual.

(Bhor ¥ -

Howard W. Tindall, Jr.

I'm serious, as usual.

Addressees:
(see page attached)
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SUBJECT: Crew monitoring of the LOI maneuwéﬁﬁ DATE

1. On August 3 we had an informzl meeting to talk about crew moni- -
toring of the Lunar Orbit Insertion (LOI) meneuver. The subject
ceme up in connection with Jim McDivitt's preparation for the 'STAC
presentation. I'm writing this note because we tentatlvely agreeu o
on some fairly basic points with regard to how we might use the
various systems. These preliminery conmclusions, if they hold up,
could have application on some of the other maneuvers, not just

LOI.

2. I am sure you are all aware of the slow response of the thrust
vector control digital autopilot (DAP) in the Command Module when
docked with the IM. In order to avoid exciting the low structural
frequency of this configuration (about 1 cps), it has been necessary
to reduce the response of the DAP to a very large degree. As a re-
sult, if there is an offset in the alignment of the inmitial thrust
vector from the spacecraft c.g., turning momerts will exist at the
beginning of the maneuver causing large spececraft attitude excur-

- sions which take a couple of long period oscellations to damp out.
Our current estimate of the maximum excursion for LOI is about 8

- based on the assumption of fully loaded propellant_ tanks and ini-
tial thrust misalignment of 1°. Tne period of oscg¢llation, as I
recall, is in the order of 20 seconds for the half cycle in which
the greatest excursion occurs and, unless the crew were prepared
for it, it could create considerable concern on whether or not the
.guidance. system wes working properly. . In the case of the LOI
maneuver, which has a nominal duration of about 370 seconds, it is
probable that the transverse velocity increments accumlated during
this period should not jeopardize the crew., If this is true, the
consensus is that the crew would be willing to passively ride out
this perturbation. '

3. Crew monitoring of the rest of the maneuver mmst be provided
for two characteristies: duration of the burnm itself and attitude
error. With regard to the former, it was readily apparent that the
only danger to the crew occurs from an overburan, that is, failure ,
of the engine to shut down in time. There are three devices which .

ST o o T join B f,-— aar r\-‘r ‘7 D,yr-\.v,’! (,‘,--.]:nf}A .D,:"J'"
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can be used to monitor and cross check against overburmn: the ENGS,
the A V counter on the EiS based on acceleration measured along the
longitude spacecraft axis, and the clock which can be used to com-
pare against the anticipated duration of the nominal burn. An over-
burn of about 110 fps would result in lurnar impact. This is equiv-
alent to about 10 seconds of extra burn duration out of a total 370
second maneuver. (Acceleration level at burnout is approximately -
1/3 g.) A 3 o~ low performance engine would extend the burn.time
Jjust about 10 seconds which makes monitoring with the clock somewhat

marginal. The EMS longitude accelerometer is said to have an accu- s

racy of approximately 1.3 percent which is equivalent to about 4O fps
for the LOI mazneuver. It should provide a suitable cross check. In
addition, lunar impact resulting -from overourn, of course, occurs as
much as 180 from LOI, thus, MSFXN should have a good capabllity of
predicting this event as soon as the spacecraft appears from behind )
the moon wita sutficient time for the crew to respond following advice -
from the ground.

L. Monitoring attitude error is somewhat more difficult. It appears
that a constant pitchdown error of less than 5  throughout the maneu-
ver would reShlt in a radial, A V downward causing lunar impact ap-
proximately 90 orbital travel following LOI, that is, at approximate-
ly first appearance of the spacecraft from behlnd the moon. It was
proposed that tne FDAI‘s be set up with one driven by the PNGS and

the other by the SCS for attitude comparison purposes once the initial
attitude transients noted above have ceased. In addition, it is nec-

essary that the attitude time history compare favorably with a nominal .t

determined preflight. 'The comparison against the preflight nominal is

to protect against a degraded Z-axis accelerometer which could cause the.

guidance to deviate dangerously but would not be apparent from a com-
parison of the two FDAI's with each other. Differences in the FDAT's
of course, would indicate that one of the two systems was 'in error. -
Since there is no capability for vote breaking with a third source,
there would be little option but to shut down when either of the two
systems indicate a dangerous condition is impending. It should.be
noted, though, that attitude dispersions in only one direction, namely
1n the direction causing a radial velocity increment downwaxrd, creates
a crew safety problem. In all other cases, it would not be necessary
to shut down the engine. Critical downward incremental velocity is
approximately 440 fps.

5. I guess to sum it up, even without ground monitoring and without
very mich onboard redundancy, it looks like given some ingenuity ways
can be found to assure crew safety. However, they may require a ’

g



willingress to have "blind" faith for a considerable time in a systen
thet might be malfunctioning and may recuire arn action that could
orevent mission success, that is, premature mznual shutdown of a

. perTectly perZorming system. 'Dro‘oably most of this is old stuff, tut
I taought it might be worthwhile to write it down.

Eoward W. /E:.{ng_l J’r.
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SUBJECT: Spacecraft computer program orb: tal 1ntegratlon B
1. This is just another little éagéégngugget fgr your files.

e /'i;.,
2. The spacecraft computer programs, of course have orbltal integration
routines to support operations around the earth and moon, as well as in
between. The gravitation of the earth, moon and sun are treated differ-
ently dependent on which of these regions you are operating in. On a
number of occasions the question has arisen as to where the boundaries

actually are governing this.

3. I have found out that MIT currently has written the command module

program as follows. When operating within about 210 nautical miles of
the moon's or earth's surface the orbital integration only takes into
account the gravitational potential of that body including its oblateness

. effects. Beyond that altitude, and up to a radial distance of 42,500

nautical miles from the earth and 8,500 nautical miles from the moon, it
adds to these the effect of the other two bodies (without: their oblate-
ness). Beyond that distance, the oblateness effects are dropped.

L, 1In order to save erasable memory in the LM computer, the LM program

is somewhat different. No matter how high it is flying, it takes into g
account only that body around which it is operating including all its

oblateness effects, but never takes into account perturbations caused

by the gravitational potential of the other bodies.

Howard W. Tindall, Jr.

Addressees:
(See attached list)
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PA/Chief, Apollo Data Priority Coordination

First 2 hours on the moon is a countdown to launch - simulated or real
thing.

-

L. Those who participated in the STAC presentation already kmow this,
but perheps some of you, like me, had not heard. It is currently
proposed that on the lunar landing mission the first two hours on the
lunar surface willi be devoted to spacecraft systems checks and launch
preparations which, for all practical purposes, simlates the final
two hours before ascent and rendezvous. Going through an operation
like this has ~ number of obvious henafits. It's a rood pre-ascent
"simuletion" which lets you find out eaxrly ii’ there are problems
associated with that operatioa such as performing the necessary tasks
within the time allotted. And, of course, it prepares the spacecraft
for 1ift off at the end of the command module’s first revolution if
that action is required in response to some emergency situation.” Also,
it makes the countdown for that event the same as the countdown for
the nominal ascent luner stay---that is, standardizes procedures.

2. In preparing our mission technigues data flow we are assuming that

the lunar operation will be conducted in this way. I assume those
responsible for planning other facets of the lunar operation are doing

the samre.

owerd W. Tirndall, Jr.

Addressees:
(See atteched 1list)

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan

1



s

S APZT ST LSS éfﬂ -
UNITED STATES GOVERNMENT NASA - Hanned S“azsc'“- 2]
., - Mission Planning & Analysis Divisiog

Memorandurn

TO :  See list below pare: JAN 16 1966
68-FM-T-8
FROM : FM/Deputy Chief : ZIED
JAN22 ,9¢ &

SUBJECT: AGS accelerometers m2y not work.

R. R. RAGANM

1. Apparently, there is a basic problem in the IM Abort Guidance
System (AGS). Although it is not widely known, there is a rumor
the accelerometers do not work and it is highly likely G&C Division
will elect to procure the AGS accelerometers from another source.
Since it is too la*te tc obtain and incorporate them into the system
immediately, LM-3 and IM-L will use the original accelerometers in
the AGS. T believe it is their intention to select the best ones
available in hopes of avoiding an unoperable system.

2. I am writing this note since, if the AGS is considered undepend-
able on IM-3 and IM-L, thie fact should be taken into account in
mission planning and data priority decisions for those missions. For
exanple, it seems highly undesirable to plan on utilizing the AGS for
executing meneuvers in a nominal mission as is currently planned on

Mission "D".
/4%
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R. R, RAGAN
TO : See list below pate: FEB 6 1368

68-PA-T-26A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Lunar Reentry Mission Techniques meeting

l. On February 1 we had another meeting on lunar reentry mission
techniques. Almost all of our discussion dealt with the finsl
midcourse maneuver prior to entry. As you know, midcourse maneuvers
are currently planned to occur approximately 12 hours after TEI which
is near the sphere of influence of the moon and about 15 hours prior
to reaching the Entry Interface (ltOO, 000 feet altitude). Analyses
have shown it is highly probable that these maneuvers will have to
be made and propellant is budgeted for them. Planning has also
included a third midcourse maneuver just prior to reentry, the need
for which is nowhere near as certain. Of course, it must be included
in the timeline regardless of that. It is this midcourse maneuver we
discussed.

2. When should the maneuver be scheduled? Ron Berry stated that, :
according to their studies, the magnitude of dispersions at Entry
Interface (EI) are relatively insensitive to the time at which the
third midcourse maneuver is made as long as it is no earlier than
about 5 hours before (FI). Therefore, this consideration puts an
upper bound on the time at which this maneuver mist be made. :
Paul Pixley states that for the cases they have examined it is always
possible for the MSFN to obtain a good state vector for entry initial-
ization provided the final midcourse maneuver occurs no later than .

2 hours before EI. This MSFN tracking limitation establishes the |
lower bound. Selection of the actual time the maneuver should be ! '
made between these bounds is primarily based on operational consideél‘a-
tions. That is, we would like to make sure the crew timeline following
the maneuver is not unduly hurried and will be very much interested in
the flight planning people's input on this (Tom Holloway please note).
Until something comes along to change it, we propose for now to
schedule the third midcourse maneuver 2 hours prior to 400,000 feet!
end all mission plannirg and analysis activity should be based on that.

3. We also established a criteria upon which it will be possible fp‘:
the flight controllers to establish the need for this maneuver in real
time. Based on the work of Claude Graves' group, it was stated that

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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a flight path angle dispersion at EI of .38° is considered acceptable.
According to Paul Pixley, the MSFN is capable of determining that
parameter to within 0.027, given 30 minutes of tracking within 2 hours

of EI. By subtracting this we established a flight path angle dispersion
limit of .36o as the GO/NO GO criteria for whether or not to make the
midcourse maneuver. That is, if the predicted flight path angle at EI
differs from the desired value by more than .36", the third midcourse
maneuver will be executed. According to Pete Frank, this value is
sufficiently large that the likelihood of the third midcourse maneuver

is very low.

4, It was decided that the midcourse maneuver, if necessary, will be
entirely in plane. This ground rule was established based on an under-
standing that very little lateral landing point adjustment is available
without very large out-of-plane maneuvers. Nor is it needed since the
lifting reentry footprint should provide more than enough lateral landing
point control.

5. Another ground rule we established was that there would be no
comparison of onboard navigation to MSFN navigation associated with the
third midcourse maneuver. This is a necessary constraint since onboard
navigation changes the CMC spacecraft state vector, which is an upaccept-
able thing to do just prior to entry. Furthermore, it is unnecessary
anyway, since by that time in the mission we should have sufficient faith
in the one which has been uplink from the ground without that coarse
comparison. ‘

6. This ruling poses the question as to how long before entry the ground
determined state vectors propogated to EI are of equal accuracy to that
determined onboard since, given commnication loss, at some point the
crew should abandon the MSFN state vector and start navigation and |
maneuver targeting onboard. The Mathematical Physics Branch and Orbital
Mission Analysis Branch people were given the action item of detemining
this crossover point which is anticipated to be well before the secbnd
midcourse meneuver. In other words, I expect that once we have committed
the spacecraft to executing the ground computed second midcourse maneuver
utilizing a MSFN state vector update, there should be no further star
landma;'k/star horizon exercises carried out onboard the spacecraft.:

T. As a side issue, it may be desirable to include in the lunar mifssion
plan some sort of "onboard Navigation and Return-to-Earth targeting’
exercise as a systems test either on the translunar phase of the mission,
or more reasonably, early in the transearth phase to evaluate that i
cepability. But it is to be emphasized that it is a systems test only
and that navigation and targeting of all these maneuvers should be based
on ground computations given adequate commnications.

/o/



8. Another question which mst be answered dealt with how soon before
ET it is reasonable for the CMC Average g program to start rumning. Of
particular concern is the effect of approximations on the accuracy of
the average g integrator when computing the influence of Jjust the
gravitation the spacecraft is experiencing. Guidance and Performance
Branch is to answer that.

9. In the current flight plan we propose that platform alignments be
carried out based on a ground computed REFSMMAT at 3 hours and 1 hour
prior to EI. (We still haven't pinned down its specific orientation.)
In addition to the ground transmission of this REFSMMAT, it is necessary
to send up the spacecraft state vectors and External Delta V targeting
parameters for the third midecourse maneuver if it is needed. Also the
state vector for entry initialization mst be sent sometime during the
last hour before entry with its time tag close to the predicted EI time.

10. There was considerable discussion regarding the spacecraft computer
entry programs. Several modifications have been proposed, but it was
evident from our discussion that we didn't know enough about the current
definition of these programs to do anything. We also inconclusively
discussed initialization of the EMS again. Accordingly, it was decided
that our next meeting should include participation by MIT and North
American personnel. —

~

WA

Howard W. Tindall, Jr.

Enclosure
List of Attendees

Addressees:
(See attached list)
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' ; 68-PA-T-37A
FROM ra/ Chief, Apollo ;’Data Priority Coordination

. -
suBjecT: TLI platform alignment
| - :

Something came out of Ron Berry's Midcourse Mission Techniques meeting
of February T that I think should be advertised widely. Apparently,

.~ we now have agreement among all parties, including FCOD and FQOD, that

- the proper platform orientation for the TLI maneuver on a lunar mission
is the one established prelaunch on the pad for use during the launch
phase. | Of course, this does not produce zeros on the 8-ball during TLI.
The reagon Iam sendmg this note around is just to make sure that
everyone knows and is working in accordance with that monumental decision.

\(___7

Howard W. Tindall, Jr.

Addressees: '
(See attached 1list)
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SUBJECT: Ascent Phase Mission Techniques meeting - February 27, 1968

1. In the absence of Charley Parker, our beloved leader, I inherited
the job of chairing this meeting which probably accounts for why we
didn't really get an awful lot done. However, there are a couple of
things that are probably worth reporting.

2. We discussed the importance of the "stage verify" discrete to the
spacecraft computer. Apparently, its sole purpose is to initialize the
DAP such that it may perform properly. ZFor example, it stops sending
steering commands to the DPS trim gimbals. It also changes the space-
craft mass used in DAP operations from the ascent stage, plus whatever
remains of the descent stage, to ascent mass only. Based on this
information it computes jet firing duration for attitude control .
differently, of course. I had been concerned that failure to get this
sig 1 during Ascent would cause poor attitude control and we are
initiating a program change request to back up "stage verify" with the
"lu r surface flag" since whenever that event occurs use of the ascent
stage only is a certainty. Jack Craven (FCD) pointed out that due to
the design of the system the much more probable failure is to get a
"etage verify" signal prematurely. If that happened, when we are still
operating on the DPS, it would stop DPS steering and would make the RCS
attitude control extremely sluggish. That would be bad news: All that
is required to do this is for either of two relays to inadvertently
open.

3. As you know, we are planning to devote a short period of time
immediately after landing on the lunar surface to checkout of critical
systems. This would be done both onboard and in the MCC leading to a
GO/NO GO for one CSM revolution (about 2 hours). This is exactly the
same sort of thing as the GO/NO GO for one revolution following earth
laanch. Jack Craven accepted the action item, which I had previously
dis~ussed with Gene Kranz, to establish how long it should take to do
this systems check in order that we may make all other mission planning
and crew procedures consistent. It is expected to be in the order of
3 minutes, unless it takes a long time to really detect an APS pressure
leak. Until the GO/NO GO we intend to remain in a state from which we
can instantly "abort stage” and go. After that it will take much
longer.

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan




4. Almost all the rest of our discussion dealt with what the command

module should be doing during and immediately following LM ascent from i
the lunar surface. One unresolved question was whether or not the :
command module should attempt to observe the 1M ascent with the sextant. ,
It was not clear what purpose would be served other than more rapid S
acquisition for rendezvous navigation tracking after insertion. It :
seemed to us the most important thing, of course, was for the command

module to take whatever steps are necessary to assure getting a good T ' euan
IM state vector in its computer for rendezvous maneuver targeting as 5‘
soon as possible. It scems almost certain that we should load the ﬂ‘ L’G N?

nominal LM insertion state vector in the CMC from the ground prigx to
IM ascent to guard against subsegquent comminication breakdown. It

was also agreed that we should probably prepare the MCC to automatically
take the IM post-insertion state vector from the LM telemetry and trans-
mit it back to the command module. Whether we would actually do this

or not depends on whether we lose more by forcing the command module to
stay in the Uplink Command program (P-27) thereby preventing rendezvous
tracking and onboard navigation for a substantial period of time. That
is, analysis may show that with good VHF ranging and/or sextant tracking
the command module may be able to converge on an acceptable LM state
vector better without this ground participation, if it gets going more
quickly.

5. I guess I am attacking the old "MIT me" in stating that we are
seriously handicapped by having no reliable definition of the Luminary
lunar surface and ascen: programs (e.g., GSOP Chapters 4 amd 5). I
understand review copies of these should be available within 3 to 6
weeks and I am sure nothing can be done to speed them up. We'll eat'em

raw when they get here:

Howard W. Tindall, Jr.

Enclosure
List of Attendees

Addressees:
(See attached list)

248"



TO

FROM

SUBJECT:

- - e

s -— 73 D
GITSILIE R Rige,

OFTONAL FOAM NG, 10
MAY 192 DDTION
Csa PPMR (¢t OFR) 1014118

UNITED STATES GOVERNMENT

. = S CE \/Z D
Memorandum - -
A58 2 51562 PR 8 tame ”
See list below B R RASA DATE: o
AT Pl YA _-\‘-' .

68-PA-T-T3A
PA/Chief, Apollo Data Priority Coordination

Some lunar mission earth orbit phase ground rules

2. I would like to make sure everyone is aware of some important
ceclsions which were made at Ron Berry's Midcourse Paase Mission
Tecaniques meeting on April 3. They have to do with operations during
the earth parking orbit phase prior to TLI on a lunar missicn.

2. Current planning :nvolves performing the TLI maneuvers at the first
opportunity. For Atlantic injection, this can occur approximately one

end a half hours after launch. It is important that the efforts of all
the organizations be ‘n accordance with that. If it is determined that
some activity precludcs TLI this soon, the responsible organization should
make this known immediately. As noted previously, it has been established
that no spacecraft platform alignment is required prior to +he first
opportunity TLI, whicia helps the crew time line.

3. One component of the go/no go for the first TLI opportunity is valida-

tion of the S-IVB IU state vector. Since during the first revolution we

are unable to generate an MSFN state vector superior to the anticipated -
IU's, the check can only be gross. The actual parameter to be tested will
be magnitude of the anticipated midcourse correction. The criteria will be
based on how well we will be able to determine right from wrong rather than
on reasonable magnitude of the midcourse correction, we would be willing to
accept operationally. It will be a function of MSFN tracking coverage
available prior to the go/no go decision.

-

4. In order to avoid having to make unnecessary real-time decisions, in
addition to all the essociated pre-flight analysis and arguments to establish
the decision logic, we have established the following grouni rules:

a. We will never transmit a state vector update to the S-IVB IU for the
first TLI opportunity. ) )

b, We will always transmit a state vector update to the S~IVB IU for
the second TLI opportunity.

c. We will always transmit a state vector update to th: CSM G&N for the
first TLI opportunity. The state vector to be sent to the CSM will be obtained
via telemetry from the S-IVB IU.

:i:ﬁ ' ‘/4f;




Tae intention, of course, is to always use the best state vector. During
the first revolution, the IU state vector should be superior to any other
source and should be acceptable for use. Thus, there will be no reason
to update tne IU and no reason not to update the G&N. During the second
revolution we can be certain the MSFN state vector will be adequate for
guiding through the second TLI opportunity - at least as good as, or better
than the S-IVB IU state vecbor - which means no harm is done by sending a
state vector update, but it can improve the situation. There is reason
to suspect that MSFC may not approve this ground rule (b) but it seems to
me the buréen of proving why we should do something else is on them.

£11 of this will te documented in detail in tne mimtes >f the meeting.
nope the chairman will excuse my scooping him, dut I felt it desirable to
aévertize and emphasize these things since they have a significant inT¥luence
in the procedures we zre implementiing and you should all be aware of them.

S

Howard W. Tindali, Jr.
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FROM @ FM/Deputy Chief

SUBJECT: Flyby solutions in the RTCC Midcourse program will not be adsolutely
optimum

This memo is to inform you of a simplification in RTCC program requirements

I recently approved. As noted below, the capability we are providing appears
to be adequate and the cost of the optimization is incompatible with the
benefit to be gained. The rest of this memo is lifted almost verbatim from
one Bob Ernull wrote to me.

Quite a few months ago, it was agreed by MPAD, FCD, and FSD that a circum-
lunar (flyby) mode would be included in the RTCC midcourse program for
alternate missions and circumlunar aborts. One problem we were particularly
concerned about was the case where we have to get back home with the RCS
only; this implies both a SPS failure and DPS failure, or failure to
extract the LM, after TLI. Because of the limited delta V availlable from
the RCS, approximately 150 fps for translation, the guideline established
was to develop a program logic which would provide the absolute minimm
delta V solution to insure safe entry.

In trying to develop a program which would compute the "optimum" solution,
we ran into many problems. We have reached a point now where even though
program development is not complete, we probably knmow how to build the
program required; however, the running time on the RTCC computers ranges
from 20-40 minutes per solution. We have examined ways of reducing this
time and do not see any possibilities which would effect ary sigmificant
reduction. Although this might be acceptable during an operation, imagine
the computer time and effort required to check it all out..

During the evaluation of computation techniques for the "optimum" solution
it was found that a very near optimum solution could be found using a
"simple computation procedure based on a "return-to-nominal" concept. This
concept simply takes advantage of the fact that the nominal pericynthion
conditions which were optimized pre-flight, will still be iery near optimm’
for any small midcouwrse maneuver. Since for the RCS problem we are by
definition considering for the flyby solutions, get an answer which is

near optimum and avoid the iterative search for optimized pericynthion
conditions. This reduces the run time from 20-40 minutes for the "optimum"
solution to 1l-2 minutes for the "return-to-nominal” solution.
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The next question is how much delta V penalty is incurred if we decide to
implement the simple and faster computation technique in the RTCC. It can
be shown that the "optimum" solution will cover S-IVB injection errors
50-100% larger than the return-to-nominal. However, these dispersions must
be compared with the expected S-IVB 3¢~ dispersions to get a true picture of
the situation. This comparison shows that with the return-to-nominal we
can cover S-IVB injection errors twice as large as the 3ererrors. This is

based on the assumption that up to 100 fps is available for the first maneuver;

the additional 50 fps is reserved for subsequent corrections.-

Sumﬁarizing, in order for the return-to-nominal solution to be inadequate
we have to have an SPS failure, a failure of the DPS (or no extraction)
and a S-IVB dispersion twice as large as the predicted 3¢ dispersions.

On this basis, and considering the major impact of developirg, checking
out and verifying a program where each run takes 20 minutes or more, the
decision was made to delete the requirement for computing ar optimm
flyby solution and use the return to nominal technique. I hope you agree.

y _

Attendees:
(See 1list attached)
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Rendezvous maneuver targeting for guidance system backup .

1. During the "D/E" Rendezvous Mission Technique meeting of April
15, we spent a lot of time discussing the data transmitted from the
ground to the spacecraft involving the CSI and CHD maneuvers. This
discussion, of course, centered on how the data should be used and
led to a tentative conclusion regarding the backup of these 'ILM
maneuvers, which is somewhat different than we had previously reached.
The purpose of this memorandum is to point out this difference.

2. We had previously concluded that the command module should be
prepared to make "mirror image" rendezvous maneuvers in the event of
IM problems. We had planned to target the CSM with data obtained by
the IM crew from the PGNCS. The failure we had in mind was primarily
propulsive. However, when you consider that the problem in the LM
could also be in the guidance system, it seemed logical to modify the
procedures slightly, since it is no better for the command module to
make a bum maneuver than for the IM. Also, it did not seem that we
were taking optimum advantage of the IM systems, particularly the AGS.
Accordingly, we now propose the following:

Both the AGS and the CSM G&N will be targeting with ground computed -
CSI/CDH maneuvers passed to the spacecraft in External Delta V coordinates.
If for some reason the LM PGNCS computed maneuver is not acceptable, we
would class this as a PGNCS failure. Rather than carry out some real
time systems analysis at this time critical period, they would switch to
the AGS and make the ground relayed maneuver. If some further problem
is encountered prior to the maneuver, the IM would go passive and the
command module would continue its countdown and make the ground computed
CSI/ CDH burn. Following the burn the crew and ground would attempt to
ascertain what the problem is in an attempt to get the IM systems ready
for the rest of the rendezvous. '

This procedure gives two levels of backup (AGS and CSM) to a PGNCS
problem and helps keep the LM active., However, operating in this way
would likely preclude either input of rendezvous radar data into the AGS
or running through its CSI/CDH targeting computations in order to keep
it in the best state of readiness to backup the PGNCS. There is still

By Z{S . Savings Bonds Regularly on the Payroll Savings Plan
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a pocket of resistence (FCSD) to using the AGS in this way which makes
some higher level direction necessary. I'll try to get a decision right
away, one way or the other.

ward W. Tindall, Jr. ‘

Addrecsees:

. (See list attached)
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PA/Chief, Apollo Data Priority Coordination :

Results of "C" Mission Rendezvous Review meeting - April 22, 1968

1. At your request, I set up a meeting on our current "C" mission
rendezvous problems with participation by all organizations interested
in this activity. The attached attendee list will show you they were
well represented., Our basic purpose was to determine current status
of the situation and to recommend where to go from here with regard

to the problems which have recently been coming to light (both real
and imaginative) primarily as a result of the crew training exercises
at KSC. ‘

2. In summary:

a. It is the consensus that the Sundisk program is acceptable for

" flight - that is, program changes and new ropes need not be made.

b. Post release Sundisk program testing is underway to -further
verify its flight readiness. Results to date hawve been highly satis-
factory and no new program bugs have been found. This testing is
continuing, but cornfidence is high that it will be completed successfully.

c. A number of open items in the crew procedures were discussed and
decisions were made which will permit consistent, unified work in the
future with 'regard to development of the crew timeline, simlation activity,
prograr verification testing, etc.

d. A number of desirable program changes were discussed which should
be incorporated in the follow-on spacecraft computer programs.

Each of these items will be amplified below.

3. Post release verification testing of programs associated with the
rendezvous exercise, currently underway, falls into three categories.
They are as follows:

a. Testing of the sextant rendezvous navigation. Two runs have been
laid out in detail covering the period from the NSR maneuver to the
terminal phase midcourse maneuver which are currently being run at MIT
on their bit-by-bit simlator, their hybrid simmlator, and their digital
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engineering similation program. Math Physics Branch (MPAD) is designing
an additional Tun utilizing the final crew procedures, parts of which are-
defined in this memorandum. MIT will also make this run. According to
Flight Software Branch, these three runs are being made a part of the
formal post release verification and will be well documented.

b. Twelve rendezvous targeting and burn runs covering the period
between NSR and braking have been defined by MPAD and Flight Crew. Four
of these tests will be run on the MIT bit-by-bit simulator and also on
the North American ME-10l. All twelve of these runs are being processed
through the MIT engineering simulation program, the equivalent MPAD
programs, and the bit-by-bit simulation here at MSC. Many of these runs
have already been made and their results have been compared very favorably.
In addition, the initial conditions and other data required to make these
runs have been delivered to the AMS at KSC. The purpose of this is to
provide test cases with which they may check out their simmlator. It is
not to test the Sundisk program, and as of this date, they don't intend
to run these cases. '

c. A completely independent test plan has been designed by TRW and
reviewed by MSC defining a series of runs to be made on the local bit-by-
bit simmlator.

It was the consensus that successful completion of all this testing should
provide adegquate confidence in Sundisk for its use in the "C" mission.

. 4. Crew Procedures

In order that everyone may carry on using the same approach, we
discussed and chose the following crew procedures which should be
considered official. That is, they should not be chenged without
future discussion and widespread dissemination since so many organiza-
tions are concerned.

a. The first and most important involved the workaround procedure
for the terminal phase midcourse maneuver targeting program (P-35). It
has been decided to handle this program deficiency by designating that
the CSM state vector rather than the S-IVB state vector be updated based
on sextant observations after TPI. Tests have shown that this technique
works very well. In fact, it provides a theorectically perfect solution.

b. It was also decided that the crew would make a so-called "phony
mark" after the TPI maneuver and prior to beginning navigation. This
decision was made in spite of the fact that MPAD representatives did
not feel this operation was necessary.

.
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c. The consensus is that the "phony mark" is not necessary fbllowing :
the midcourse correction maneuver and so it will not be made at that time.

d. It was decided to set the Delta R and Delta V test parameters
to zero so that after each sextant observation the crew will be forced
to observe the effect of that observation on the state vector, It will
also cause a program alarm to occur. The primary benefit to be gained
from this procedure is that it will provide the crew with information
regarding the trend of state vector changes which will be helpful in
their editing process. It should be noted tkhat this is the procedure
currently in use on all simulators at MIT, KSC, MAC, etc. It was observed
that after more simulator experience, it may be desirable to load values
somevwhat larger than zero to simplify the crew operation a little. This
would be a minor modification to the procedure. '

e. Based on the strong recommendation of MIT, it was decided to
reinitialize the W-matrix during the second navigation period between
KSR and TPI. This procedure was also adopted over the objection of MPAD

personnel who intend to carry out future analysis to provide their contention

that it is not necessary and perhaps that it is even damaging. There was
also discussion of the values to be used for reinitialization of the
W-matrix at this time. MIT currently proposes 1,000 feet and 1 fps,
although it seems that values as much as three times larger may be
recommended before the flight.

f. The flight crew has concern over allowing the average "G" program
(P-47) to run continuously after the second midcourse correction. They
are afraid that the accelerometer bias may introduce unacceptable error
in the state vector. MPAD was given the action item of determining the
effect of various levels of accelerometer bias acting over different
periods of time on the range and range rate displays. This information
should give some insight into how the system should be operated when
someone establishes what accelerometer bias we should expect. As-of now,
they will continue to run P-L7.

5. At least two program modifications should be considered for future

‘spacecraft programs:

a. It has come to light that the Sundisk short burn SPS logic will-
cause a premature engine shut down amounting to about four fps as a result
of some inaccurate spacecraft characteristies frozen in fixed computer
memory. It is recommended that these parameters be located in erasible
so that they may be loaded after true values are known.

b. There is an infuriating "Delta V residual bounce" following
spacecraft maneuvers which preclude accurate maneuver execution. MIT

iy
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is in the process of tracking down the cause of this. Hopefully it may
be fixed in the later programs or at least maybe we will find out what
it really is!
6. Finally, KSC simulator people were asked if any possible assistance.
not already available could be provided to help solve their problems.
It was their opinion that at this time they have a number of known :
things that must be done which will substantially improve their facility .
and until these are completed, they feel no organized help from MSC -
or MIT would be particularly helpful.

1 : N C

11 e .

wdrd W. Tindall, Jr.
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PA/Chief, Apollo Data Priority Coordimation

CSM should have good rendezvous navigation in the lunar mission

l. As you know, I have been pushing to get the capability back into
the command module computer program to compute CSI and CDH rendezvous

- maneuver targeting. The reason I consider this valuable is that with

both VHF ranging and sextant data, the command module potentially has

a better rendezvous guidance system than the IM. Thus, with that
capability, it could provide the comparison "yard stick" for evaluating
the IM PGNCS determined maneuvers during a nominal flight and could
provide targeting for its own maneuvers if a command module rescue
situation arises.

2. I submitted a PCR for Colossus and MIT responded with a six week
program delivery schedule slip which, of course, is unacceptable.
Therefore, this PCR has been added to the list of changes to be con-
sidered for later versions of Colossus. During our discussion of this
PCR, someone remarked that the VHF ranging device is limited to use

for ranges less than 200 nautical miles, whereas the nominal range at
insertion is about 270 nautical miles, and that lighting conditions for
sextant observation were poor prior to the CSI and CDH maneuvers. If

this were true, it would substantially reduce the benefit of this
capability, and in fact, might make it impossible to use the command
module ‘as noted above. I have checked into the actual situation for
lunar rendezvous and have found quite the opposite. The tracking
conditions are really very good. Attached to this memorandum are

figures which show this. They were lifted from an excellent memorandum
(68-FM6L-1T7) written by a couple of Ed Lineberry's people - James D.
Alexander and Francisco J. T. Leon-Guerrero. You will observe (Figure 1)
that approximately five minutes after insertion into orbit both spacecraft
are in darkness which should make sextant tracking ideal and in fact at no -
time after that and prior to TPI is the angle between the IM and the sun
as observed from the command module less than 70 . Purthermore, you will
note (Figure 2) that, even if 200 pautical miles is a hard constraint on
VHF ranging, it should be possible to get between 5 and 10 mimmntes worth
of tracking before CSI, which should do quite a bit of good. And, of course,
as Ed Lineberry says, there is nothing sacred about doing CSI that soon.
That is, by delaying it 5 or 10 minutes, we could obtain an equal amount
of extra VHF tracking. Of course, hopefully, VHF will work at ranges
greater than 200 miles, partlcularly, if we are willing to restrict voice
communications. (Flgures 3 and 4 are attached.to show an equally good
situation will exist on the "F" mission.)

By U.S. Savings Bosds Regzlarly on the Payroll Savings Plan
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3. My basic purpose in sending around this memorandum is to clarify -the
situation by distributing this data, which I found very interesting, and
to reemphasize the desirability of equipping and utilizing the CSM in

this way.

ward W. Tindall, Jr.
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FROM : PA/Chief, Apollo Data Priority Coordination %

SUBJEcT: PIPA Surprise

1. Since:I was surprised at what Gunter Sabionski told me and, in
turn, almost everyone I have told has been surprised, perhaps you
too will be surprised to learn that the least significant increment
output by:the CSM accelerometer is equivalent to 0.2 fps! (The IM -
is considerably better, the value being 0.03 fps per bit.) I suppose
we have all heard these numbers before in units of centimeters per
second which made them sound much smaller than they really are and I,
for one, never bothered to make the conversion. Of course, what
this means is that it will be impossible to trim delta V residuals
in the command module dependably to less than 0.2 fps. Also, the
actual triming operation will be a little more difficult since the
readout will jump in such big steps.

2. No big deal, just thought you might be interested.

@wg‘(- Vix;

Howard W. Tindall, Jr. ’

Addressees:
(See list attached)
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68-PA-T-101A
PA/Chief, Apollo Data Priority Coordination

Aborts from powered descent on the lunar laanding mission

1. Ve spent the entire M=y 8 Ascent Data Priority meeting discussing
mission technigues associated with aborts from powered descent on a
lunar landing mission. This discussion led to some pretty simple
procedures which are outlined in this memo. They are based on some
assumptions which I've also listed below. If you feel that they are
in error, please let us know.

2. The basic assumptions we made are:

a. From a DPS engine performance and dependability standpoint, it
is preferable to operate the DPS at full thrust throughout the abort
ascent trajectory rather tanan at some lower level. (Is this okay after
operating for awhile at reduced thrust? Also, we must make sure there
are no bad guidance system transient problems at staging.)

b. The low level sensor light comes on when there is 1200 pounds of
propellent remaining, which is equivalent to about 120 seconds burn time
at 25% thrust, and 30 seconds burn time at maximum thrust.

c. It is operationally acceptable to run the DPS to fuel depletion.
That is, there is no reason for the crew to prematurely shut down the
DPS engine if there is an advantage To be gained by running it to fuel
depletion. (I'll bet I hear something about this!)

d. Use of the "Abort Stage" automatic sequence is as safe or safer
than manually proceeding through it one step at a time.t_(Someone's not
going to like this either.)

e. The crew can make a go/no go decision one minute after the DPS
low level sensor light comes on, at which time they shou’d be prepared
to either commit te landing or to abort immediately. (A° least we are
recommending this if it is at all possible. Of course, “hey may abort
after that, but it's getting hairy.)

f. There 1s a very great advantage to be gained by keeping the
variety of abort modes ©0'a minimum - that is, always do the same thing
as often as possible. The point is, tnere may be some special cases in
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which some benefit could be gained by doing things a little differently.
But, we always felt the advantage of standarized procedures outweighted
them in those cases we recognized and discussed.

3. The abort procedure is really very simple, at least if the above
assumptions holdup. So simple, in fact, that I'm sure you'll wonder
how we spent the day! Basically, whenever an abort situation arises
at any time during descent, the crew will hit the "Abort" button
which will automatically put the PGNCS {or AGS) into the DPS abort
program (P70) and the DPS should be run to fuel depletion or to a
guided cutoff at orbital conditions, whichever occurs first. If fuel
depletion occurs, the crew should tanen "Abort Stage,” which will
automatically cause separation of the DPS and will put the PGNCS (or
AGS) in the APS abort program (P7l), leading to a guided insertion
into orbit. We propose never initiating an abort with "Abort Stage"
as long as the DPS is still operating oxay.

4. There is one special case requiring attention which occurs with an
abort approximately five minutes into power descent. It is at about
that time when the DPS is able to return the spacecraft all the way

to nominal orbit. If the DPS does make it all the way to orbit, all

is well and good. If, however, fuel depletion results in DPS shut
down just shy of that, something must be done of course. The procedure
we propose if the velocity required to get into orpit is less than 10
fps, is for the crew to remain in P70, not to stage the DPS, and to use
four jet RCS to achieve orbit. This requires approximately a 15 second
burn. (This value was selected in deference to the problems brought
about by a spacecraft whose thrusters shoot at itself.) If the velocity
required to achieve orbit is in excess of 10 fps, which would require
an APS burn of one second duration or greater, the procedure is as
before - "Abort Stage" and use the APS.

5. One item requiring some rescarch is to make sure that the spadecraft
computer program (PT1l) will provide proper guidance to the APS for a
"small" maneuver following DPS shut down. Another is to confirm that 10
fps is within the APS minimum impulse mode capability.

6. Consideration was given to establishing a special procedure in this
region where the RCS would be used to insert the staged spacecraft.
However, there was no advantage apparent to avoiding use of the APS
unless there is some sort of freezing problem for short burns. In
addition to keeping the procedure simple and standard, this technique
should reduce the demand on RCS propellent and thruster lifetime. As

a matter ol interest, the magnitude of the remaining APS and/or RCS
mancuver:s in iie coelliptic rendezvouc seaquence for an atort at tnat
time are approximately as follows: CSI 35 fps, CDH 100 fps, ang TPT
30 Tps.




T. The only other situation I'd like to discuss deals with aborts late
in the descent phase after the D¥S low level sensor light has come on.
Tnere is a real advantage to be gained if the crew spends no more than
zbout 60 scconds in that state beforc aborting since after that time the
DPS will have less than 15 seconds of burn time remeining at full thrust.
This curation would assure getting tiarough "vertical rise" and pitchovexr
before DPS fuel depletion. After that, it's cutting things pretty close.
However, even then, it stills seems best to always attempt "Abort" on
the DPS in order to get as much out of that engine as possible - if it's
only a cough. The full thrust DPS acceleration is over twice trzt of
the APS and if it’s ever needed it‘s there! The only disadvantage occurs
with a more-or-less simultaneous "Abori" and IPS fuel depletion causing
a delay in "Abort Stage"” with no engine on. If the crew has been
watching the fuel gauge, etc., he should rever let this situation

arise and special procedures should not be required to handle it.

8. TFinally, I'd like to outline the alternate technigues wc estaolished
if fuel depletion DPS is not acceptable. As before, we always recommend
"Abort" rather than "Abort Stage.” The modified proccdures are basec

on providing the ecuivalent of at least five seconds of DPS burn time

at maximum thrust as a pad against fuel depletion. This is equivalent
to shutting down the engine with about 120 fps DPS remaining. There

are two classes of abort which must be consideread:

a. The first is if the abort situation is detected before the low
level sensor light has come on. In this case after "AbortingX into PT7O,
it is necessary to monitor the inertial velocity in the DSKY (or the DEDA)
at the time the light comes on. If the inertial velocity is less than
5,000 fps, the astronaut should "Abort Stage" 25 seconds after the light
comes on and proceed into orbit on the APS. If the inertial velocity is
greater than 5,000 fps, it is possible to proceed into orbit on the DPS
without fuel depletion occurring. (Note: it is only necessary to monitor
the "thousands" digit to make this decision.)

b. If the abort situation arises after the low level sensor light
has came on, the crew should "Abort Stage™ immediately after the pitch-
over maneuver following vertical rise. This would occur about 10 seconds

after the "Abort," if the abort is from hover.

3. In summary, i the DPS is still working, always use the DPS to
initiate the abort and after getting as much as possiblz from the DPS,
"Abort Stage" if necessary to achieve orbit. This provides the following
advantages:

a. Avoids shutting down and chenging engines at a time critical
point and insures a positive altitude rate before staging.




b. Obtains the maximum delta V available from the DFS.

c. Produces the greatest possible acceleration at the abort time to
get the heck out of there.

d. Makes the procedure standard for all cases - and simple:
N L
C::?Eiiﬁ\PJ ALUN )
Howard W. Tindall, Jr.
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68-PA-T-106A
PA/Chief, Apollo Data Priority Coordination :

Spacecraft computer program newsletter

1. I learned some things at MIT last week that seemed interesting

enough to justify this note. Of course, it deals primarily with the
spacecraft computer programs and their influence on the mission

techniques we are developing. )

2. DPete Conrad reported that during their KSC IMS simulation, they
have experienced an apparent deficiency in Sundance when making a
docked DPS burn. He says that the DPS engine gimbal angles do not

get changed at all during that low thrust period at the beginning of
the burn which was provided specifically for trimming them. MIT
looked into this problem and agreed that for some reason the program
does appear to work - or not work - like Pete says. Their preliminary
guess as to the course of this is that with low thrust and high inertial
the gimbal trim estimator may be experiencing underflow. That is, the
computer is simply not able to determine that a movement of the trim
gimbal is necessary as it is currently coded. Of course, the RCS jets
are very active both before and after throttle up.

3. Our requirements for getting rendezvous radar (RR) data on the down-
link while the IM is on the lupar surface was discussed again, and I
am afraid I really blew it. MIT has resisted the program change we
requested and I am beginning to think they may very well be right. That
is, T am not so darn sure any more that the program as currently designed
and coded is not good enough. In any case, George Cherry now proposes

to look into a very simple change which can be made in the lunar surface
navigation program (P22), which would substantially increase the frequency
of RR data on the downlink. All that it amounts to is to remove the delay
after the previous computations before the computer collects another batch
of RR data. Right now this delay is 15 seconds. If we eliminate this
delay and operate P22 in the "no state vector update" mode, the computer
should cycle very fast. George Cherry is going to make nin estimate of
what this RR downlink frequency would be as well as evaluating the schedule
impact for this change. I would be surprised if it is not acceptable to
MSC even if it is not perfect - whatever perfect is.

4, As Colossus is currently designed, the crew is required to press the
"Proceed" button during the period of maximum reentry G's to obtain a-
DSKY display change. A PCR had been submitted to make this procedure




automatic. However, on future consideration, we are not so sure that it
is a good thing to do. The initial display parameter in P65 are used in
the primary go/no go logic employed by the crew in evaluating the G&N

performance to decide whether to stay on it or to go with the EMS backup.
It is essential that they see these parameters and an automatic "Proceed"
could wipe them out before they have seen and digested them under certain
circumstances. Accordingly, I suspect we should delete our request. The
discussions have revealed, however, that some modification in the coding
will probably be needed to make sure the system will work throughout the
rest of the entry even if the crew does not provide the "Proceed" signal.

5. Here is one more note in the contimuing "Stage Verify" story. Accord-
ing to John Norton the lunmar ascent program (P1l2) no longer checks stage
verify. That strikes me as a real improvement in the program but it
mystifies me as how it go changed without a PCR or PCN, or even letting
anyone know. Norton, of course, uncovered it by going meticulously through
the program listing.

) KJLly\ I G MQx,\‘ ) Q‘U\Q;u‘/!q
Howard W. Tindall, - Jr.
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68-PA-T-13TA

: PA/Chief, Apollo Data Priority Coordination

"D" Rendezvous Mission Techniques Ground Rules, Working Agreements,
and other things

On June 14 we cranked up the "D" Rendezvous Mission Technigues
activities again. It was a grueling profitable day. In fact, we
had such a good time we've scheduled another ome for July 12.

Prior to the meeting I distributed a list of working agreements I
thought we had reached previously. The crew presented another list
dealing primarily with the docked LM activation/mini-football period
based on a lot of planning and simlations they have been doing lately.
The major part of the meeting was spent going through these lists. -I
have since compiled a new set derived from those - including the
changes, agreements, and comments the discussion brought about. This
list is attached and we can review it July 12. The last section lists
some major discussion items still open. A list of action items is also
attached since they help to paint the picture of our current status,
which I would describe as being typically frantic.

——
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Howard W. Tindall, Jr.
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i e 68-PA-T-136A
THROUGH: NASA Resident Apollo Spacecraft Program Office.
Massachusetts Institute of Technology
Instrumentation Laboratory , RECEIVED
Cambridge, Massachusetts 02139 - gL 2 1968
TO : Massachusetts Institute of Technology _
Instrumentation Laboratory APOLLO DIRECTOR
Cambridge, Massachusetts 02139
Attn: D. G. Hoag, Director
Apollo Guidance & Navigation Program ,
FROM : Chief, Apollo Data Priority Coordination

At the June 14k "D" Rendezvous Mission Techniques meeting, I
unofficially (I guess) assigned an action item to your people

who were there.

procedure

Specifically, we asked for MIT's recommended
for adjusting the W-matrix during rendezvous navigation

in both the LGC and CMC. As a matter of fact, I understand that
your people intend to discuss this with the "D" flight crew while

they are there the week of June 17.

it if you

However, I would appreciate
could write down the procedure you recommend in one of

your informal MIT memos for discussion and incorporation into the
mission techniques at our next meeting.

Incidentally, I think there was substantial benefit from having
your people at our last meeting and hope they can come down for
the next one, which is currently scheduled for July 12.

Enclosure
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68-PA-T-151A
PA/Chief, Apollo Data Priority Coordination

Lunar Ascent preparation

l. At the July 3 Lunar Ascent Mission Techniques meeting we cleaned
up the last of the main open items for the phase of the lunar landing
mission from LM touchdown to liftoff. We are now ready to go to press
for that part of the mission and will hold a world-wide review of it
before the end of the ‘month.

2. Most of the discussion was devoted to establishing the CSM timeline
prior to IM Ascent. Much to my surprise, the CSM requires about eight
hours (four orbits) to prepare for LM Ascent. Involved is all of the
work associated with determining the position of LM with respect to

the CSM orbit and with making a plane change if it is necessary. Time
required for the IM to get ready is less than two and one-half hours
unless rendezvous radar tracking is required. In that case, the LM
crew would have to start powering up the PGNCS about three hours before
liftoff, in order to track the command module during its last pass over-
head. It is necessary for either the command module to track the LM on
the lunar surface using the sextant or, if that is not possible, for the
LM to track the command module using the rendezvous radar. The data
’Q@,@Bl{g%h}s_mgu_ed_to _target the CSM plane change or the TM
Ascent, In the timeline that we settled on, the sextant tracking of
the LM would be done three revolutions (approxlmtely six hours) before
Ascent and the CSM plane change, if it is required, would be performed
one and one-fourth revolutions (approximately two and one-half hours)
before liftoff. If the command module pilot is unable to track the

LM with the sextant it will be necessary for us to target the command
module plane change based on MSFN tracking and navigation, realizing
that that the resultant CSM orbit may be as much as 0.3° away from

the LM position as a result of MSFN inaccuracies, It is only in this
event that we would reguire the 1M to track the CSM with the rendezvous
radar to_ obtain the data” tEe—ground would use ;Lo_c_l;ie_rmme the out-of-
plane steering the LM should execute during Ascent. It is only in

the event thdt thé command module is unable to track the IM that both
the command module plane change and LM Ascent out-of-plane steering
would be performed.

3. The other thing we firmed up was the logic defining when to use
the command module SPS to make a pre-Ascent plane change vs. yaw steering

/22

Buy U.S. Savings Bonds Regularlv on the Pavenll Conieer Dl



the IM into the command module orbit during Ascent. The rule we established
was that if the LM is less than half a degree out of the CSM orbital plane,
the LM would take care of it during Ascent at an APS propellant cost of
approximately 19 fps. If the plane change required is greater than half

a degree, the command module would be used. Thus, the minimim SPS burn
would be 50 fps. The maximum should be no more than 200 fps, depending

on the location of the landing site and the inclination of the plane.

These limits represent burn times between three and thirteen seconds.

30 DT

oward W. Tindall, Jr.
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68-PA-T-1544A

: PA/Chief, Apollo Data Priority Coordination

"C" Mission Clean Up

We'll try to clean up the rest of the "C" mission open items at a
meeting on Friday, July 19, in Room 2032B of Building 30. Retrofire
and Reentry will be discussed in the mormning, starting at 9 a.m., and
Rendezvous in the afternoon - or as soon as we finish the Retrofire

session. Attached are open item lists for each session, kindly prepared

Howard W. Tindall, Jr. (&

by Stu Davis, FCD.
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10.

11.

12.

DEORBIT AND ENTRY DATA PRIORITY MEETING ITEMS

Is the entry following an RCS deorbit to be ballistic or guided?
Will the EMS be used for G&N failure occurring at any time?
Is closed loop G&N entry to be the nominal?

What are the thrust vector magnitudes and directions for SM - CM RCS
deorbit Av's?

Is a fine align or coarse align sufficient for deorbit?
Are crew using ADPC procedures?

What are DSKY VG and gimbal angle limits in comparison with ground

maneuver pad?

What are 3¢ BMAG drifts?

What are PIPA bias and gyro drift limits and the compensation procedure?
Are the pads current?

What is the new REFSMMAT flag setting procedure?

Is the G&N needed for hybrid deorbit?

7 X
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RENDEZVOUS DATA PRIORITY MEETING ITEMS

Opcn Itemc:

1.

2.

10.

11.

12.
13.
1k,

15.

16.
17.
18.

19.

Trim NCCl to keep from doing NCC2. Ken Young

Rendezvous with SCS if G&N fails anywhere prior to to
NSR. Phil Shaffer

Z&tl limits for terminal phase. Ed Lineberry

Lighting constraints for TPI hard or is elevation

angle hard? Flight Crew
Is 27.45° the elevation angle for TPI? Paul Kramer
Are P-52 alignment completion necessary prior to NCCl? FDB and FCSB
Are the maneuver pads current? Will Presley

Limits on onboard TPI solution comparisons with ground
TPI. Ed LineYerry

Discussion of backup TPI Z&T burn solutions (duty cycle
problems ). Dick Moore

Are crew using ADPC procedures? Flight Crew

Limit on DSKY VG's agreement with target load, and limit

on gimbal angles comparision with maneuver pad. MIT
Residual reasonableness limit G&PB
What are allowable BMAG drift and gyro torquing angles. Gary Coen

What are crew time requirements for sextant star check,

P-52, P-L0? Mosel

What are PIPA bias and gyro drift limits and compensa-

tion procedures? Gary Coen
Should NC1l and NC2 be externallkv or SCS targeted? Stewart Davis
What are 3¢ BMAG DRIFIS? NR

What short burn logic will be programmed for RTCC? Phil Shaffer

Any corrections to Techniques Description document.

Enclosure 2 / -?/
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Memorandum

See list attached pate: JUL 1 61968

: 68-PA-T-155A
PA/Chief, Apollo Data Priority Coordination

LM Descent abortability computation is proposed

Ed Copps of MIT attended one of our mission techniques meeting recently
during which we discussed the use of the LM Descent Propulsion System
low level sensor light. This is the light, you recall, which comes

on when approximately 30 seconds worth of propellant is still awvailable
at full thrust or two minutes at 25% thrust. Recognizing that the
astronaut has a complicated job to perform during the terminal part

of descent, Ed Copps is proposing a rather simple new program to be
added to the LM computer to relieve the situation. Rather than the
astronaut trying to keep track of his status based on altitude,
altitude rate, time since the low level sensor light came on, and

the throttle profile he has executed since that time, this new

program would predict for him the time at which he would no longer

be able to abort. This would be in the form of a five second warming,
during which he mst either commit to landing or mst get out of

there. The RGNCS would be telling him that if he fails to abort
before that time, it is probable that an abort would not be success-
ful. -

This sounds like a good thing to me - perhaps allowing us to get
more out of the systems more than we would otherwise be able to do.
If enough interest can be generated in it, it will probably be added

to the Luminary Hopper. pl/;\
AN

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT

Memorandum

See list attached pate: JUL 171968
68-PA-T-156A
PA/Chief, Apollo Data Priority Coordination

Powered descent throttle logic correction

On July 2 I sent you a note regarding the way the DPS is throttled
up after the gimbal trim phase during the powered descent maneuver.
There were a couple of errors in that memo which are too significant
to be left uncorrected.

I pointed out that MIT has programmed the LM computer so that the
throttle up time was a fixed number of seconds after the targeted

time of ignition (TIG). To illustrate how important it is that the
engine be throttled up to the FIP at that time, I pointed out that

for each second delay in throttling we lose 12 seconds of "hover
time." This was my first error since it is not hover time that is
lost but rather "throttle recovery time." Throttle recovery time

is that period which has been allotted in the powered descent maneuver
for the guidance system to regulate the thrust such that it can achieve
the hi-gate targeting conditions. Failure to provide a sufficient
period of throttling will jeopardize meeting those conditions and can
result in a fouled up descent.

I went on to say that if the engine failed to start when it was supposed
to, the crew could recycle to TIG minus five seconds and the PGNCS would
countdown to ignition again with a delay of about 13 seconds from TIG
(all true) and that the trim time would be reduced by that amount since
the throttle up time was maintained as originally set. George Cherry
informs me that this is not true since in the event of a recycle to

TIG minus five seconds the throttle up time is redesignated. Accordingly,
the recycle capability is really not an acceptable thing to use on the
powered descent maneuver. I do not believe that the program has been
designed improperly. It is just that the capability, as I described it,
does not really exist.

MIT is submitting a PCN describing how the program has actually been
coded since it is different than documented in the GSOP.

Q(é,,) o Do N
Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT

Memorandum

68-PA -T-159A

: PA/Chief, Apollo Data Priority Coordination

No 15 minute constraint for Iumar Ascent Guidance

The Luminary GSOP indicates that it is necessary for the astronaut
to call up the Ascent Guidance Program (P12) at least 15 minutes
prior to 1lift off. This, of course, is not consistant with our
desire to be able to use P12 if we get a No Go for lunar stay
approximately 10 minutes after landing. In that case, we intend
to call up P12 with less than seven minutes to go before lift off.
By checking with MIT, we have verified that the 15 minute limit is
not a real constraint and that the only limit is the time required
for the crew to go through the operations associated with P12, which
is currently estimated to be less than five mimites. (Simlations
will eventually refine this, probably to a smaller value.)

I have asked MIT to modify their GSOP (by PCN) to reflect this.
1\ (/

Y}

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT
Memorandum

, JUL 7 8 1968
See list attached DATE:

68-PA-T-160A
PA/Chief, Apollo Data Priority Coordination

The LM can handle big Descent plane changes but requires
protection against APS abort fuel depletion

We have recently verified that the LM has a substantial capability

to translate out of its initial orbital plane during powered Dessent
at very little cost. That is, whegeas previously a limit of 0.3 had
been quoted, it now appears that 1 or more is probably possible with-
out effecting the performance of the guidance equations, the landing
radar, the visibility of the crew during landing, nor are the AV
costs excessive, This capability gives us more than adequate assurance
that it will not be necessary to perform a plane change trim burn on
DOI day. And that's darn important!

In order to take advantage of this capability, however, it appears that
something may have to be done to limit the yaw steering the LM would do
in the event of an APS abort during powered Descent. As currently pro-
grammed, the PGNCS would attempt to guide the IM all the way back into
the CSM plane. If the abort were to occur at "hover" or ater touch-
down, the APS AV cost could be excessive (i.e., 1" costs approximately
80 fps and could result in fuel depletion prior to obtaining a safe
orbit). Obviously the thing we must do is to achieve the targeted in-
plane conditions in the case of an abort. We can take care of the
plane change after the IM is in orbit, perhaps using the CSM. Therefore,
it seems necessary to make a (hopefully) rather small change to the APS
abort program (PT1l) which would limit the extent of the out-of-plane
steering. MPAD and MIT people are both in the process of studying this
and we plan to recommend specific action very soon. Something similar
will be needed in the AGS too, I suppoge. I

\

A
ward W. Tindall, Jr.

PA:EWTindall, Jr.:Jjs
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UNITED STATES GOVERNMENT
- Memorandum

TO : See list attached DATE
68-PA-T-1614

 JUL % 81968

FROM : PA/Chief, Apollo Data Priority Coordination
SUBJECT: IM Ascent lift-off time can be determined by the crew

Some months ago we submitted a PCR to remove the pre-Ascent targeting
program (PlO) from Luminary and this was done. This action was bpased
on an assumption that a simple crew procedure could be developed for
doing the same job, in the event of loss of commnications, making
the rather complicated computer program unnecessary. The Lunar Mission
Analysis Branch of MPAD has concluded their development and apa.ysic
of this technique and is in the process of documenting it. It is
only necessary for the ground to supply two parameters by voice to

the crew prior to DOI which will allow them to independently determine
lift-off time to within about six seconds. This dispersion takes

into account current estimates of MSFN accuracies, etc. The effceot
on the rendezvous differential altitude due to this error is less

than one mile, which is certainly far smaller than other dispersions
which would occur in a non-commnication situation. In other words,
it is more than adequate.

Quite simply the procedure requires that the crew determine the <time
of closest approach of the CSM one pass before lift off by noting

the time rendezvous radar range rate passes through zero on the tape
meter. To that time, he must add the CSM orbital period and another
[&T to obtaln lift-off time. These are the two parameters included in
the pre-DOI pad message noted above which will be determined by MCC-H
based on the actual CSM orbit.

LR T
oward W. Tindall, Jr. - *

PA:HWTindall, Jr.:js
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CPTIONAL FORM NO. 10
MAY 192 EDITION
GSA FPuR (01 OFR) 101-11.8

UNITED STATES GOVERNMENT

Memorandum

TO - See 1list attached pate: JUL 2 6 1968

68-PA-T-160A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: July 9 and July 24 "G" Rendezvous Mission Techniques meetings

1. During the July 9 and July 24 "G" Rendezvous Mission Techniques
meetings we have developed preliminary intra-vehicular rendezvous
navigation sighting schedules. Crew work load estimates currently

in use for the "D" mission rendezvous are included. These tracking
schedules are very important since they have a »redominating influence

on almost everything else. For example, from these it has been possible

to develop a preliminary spacecraft attitude time history which shows

some fairly large gaps are going to be present in the CSM MSFN =zelemetry
coverage. This, of course, is due to the fact that the S-band antenna

is on the same side of the spacecraft as the sextant, which must be pointed
down in order to observe the LM. Of course, during maneuvers occuring
within sight of the earth, the CSM can be yawed to a heads down attitude ~
enabling S-band telemetry coverage. The rendezvous activities do not
ordinarily interfere with LM telemetry coverage.

2. The Orbital Mission Analysis Branch (OMAB) of MPAD has distributed

a memo (68-FM62-217, dated July 15, 1968) which presents the revised
rendezvous profile including the relative motion plots and visibility

and slant range time histories. Some of the most interesting features are:

a. Insertion occurs at approximately 340 n.m. slant range. By CSI
this range will have decreased to approximately 170 n.m.

b. The IM will appear to the CSM to be less than 8° above the lunar
horizon for the entire first two hours after insertion into orbit. After
that, it will move below the lunar horizon.

c. There will be two points of sun interference for the sextant
tracking of the LM, one immediately after insertion and another approximately
two hours later, about 20 minutes before TFI.

3. OMAB presented the results of a study which shows that it is not possitle
to use the same maneuver solutions for LM maneuver targeting and CSM mirror
image targeting on a lumar mission as is done on the "D" missicn. Accord-
ingly, if the CSM does not have CSI targeting capability in its computer,

the LM crew will have to sequence through P72 to provide mirror image

/37 &
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maneuver targeting to the CSM and then P32 to target its own guidance
systems. If the CSM does have the CSI targeting programs, the LM ci.w
will be relieved of this job and will use P32 only. The CSM pilot will
pick it up since the nominal procedure would call for his determination
of the IM maneuver targets using P72, which he would relay to the LM for
PGNCS solution comparison and AGS targeting. B2 would then use P32 to
compute his own mirror image maneuver. It appears that the TPI time used
in the P32 and P72 computations may have to be different regardless of
which spacecraft does it. Since the mirror image maneuver is to be
executed with a one minute time delay after planned IM ignition time, it may
also be necessary to change CSI time. OMAB is looking already into this.

4. There was considerable discussion regarding initialization of the

LM PGNCS and CSM G&N for rendezvous navigation. As reported previously,
platform alignments by both vehicles right after ins i are now
inciuded in the timeline. Upon completion of the CSM platform alignments,
the MCC-H will relay a new 1M state vector into the CMC based on LGC
telemetry after insertion. Even with this update, it is anticipated that
the uncertainties in these state vectors will be quite large, making

it necessary to use initial values in the W-matrix which will not be
suitable for W-matrix reinitialization during the rendezvous sequence.
The Math Physics Branch is looking into that. We ended the meeting by
starting the development of some "G" mission rendezvous ground rules

and working agreements similar to those developed for "D". Those we
agreed to so far are attached.

5. The next meeting will be in September since many key people will be
on leave during August.

~

oward W. Tindall, JI“‘.‘\ Q( ' )
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"G" MISSION RENDEZVOUS GROUND RULES WORKING AGREEMENTS
AND THINGS LIKE THAT

1. General

a. The reference trajectory is that provided by MPAD, dated August
15, 1968.

b. Nomenclature for the burn sequence following insertion is:

(1) csI
(2) cDE
(3) ecI
() TPI
(5) TPF

c¢. The rendezvous will be run throughout with the vehicle roll angles =
Oo. The only exception to thls 1_s when durmg mneuvers wlthln sight of the
earth the CSM roll is 180°.° TPI from above will be 1n1t1ated "heads down" and

TFI from below will be initiated "heads up" for either vehicle.

d. A IM state vector time tagged 12 minutes after insertion will be
uplinked to the CMC within five minutes after insertion. State vectors are not

sent to either vehicle again during the rendezvous vhase,

e. IMU alignments will be made starting five mimites after insertion by
both spacecraft and take precedence over the state vector update if timeline

and/or attitude conflicts develop.

f. On both spacecraft all rendezvous navigation will be carried out to
update the LM state vector. That is, the LM radar data will be used to update
the IM state vector in the LGC and the CSM sextant and VHF data will be used to
update the LM state vector in the CMC.

g. The CMC's LM state vector will be updated after each IM maneuver with
the P76 Target Av Program using the pre-burn values as determined in the IM's
pre-thrust program.

h. The state vectors in the AGS will be updated each time PGNCS is con-
firmed to be acceptable. This will likely be at each time it is committed

to make the next maneuver using the PGNCS except perhaps TPI.

i. AGC alignments will be made each time the PGNCS is realigned and each
time the state wvector in the AGS is updated from the PGNCS.

139 22
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UNITED STATES GOVERNMENT

Memorandum

See list attached pate: JUL 30 196!

68-PA-T-1T3A
PA/Chief, Apollo Data Priority Coordination

Pulse Torquing to Achieve IMU Realignments

This memo is to describe the gyro pulse torque realign capability
being added to the IMU Realign Program in Luminary and Colossus, Jr.
Most of it is quoted word for word from a memo Steve Copps (MITS
wrote last February proposing it.

"The purpose of the program is to provide the capability of moving the
stable member from one orientation to another without losing inertial
reference. The actual program change is an addition to the IMJ Realign
Program (P52). Presently a display comes on showing VO6N22 and the
gimbal angles which will be achieved by coarse aligning the gimbals.
This display is being changed to provide the navigator the option of
achieving the new orientation by coarse aligning or by pulse torquing
('enter' achieves one and 'proceed' the other).

"Obviously the most accurate method of realigning the IMJ is to use
star sightings, and if star sightings will be taken there is probably
not much advantage to pulse torquing. However, if there is some doubt
as to one's ability to acquire and mark on stars, or the inertial
reference accuracy required in the next orientation is less than the
error induced by pulse torquing, then this option has great wvalue.

"The time to pulse torque to a new orientation is a consideration. The
maximum time to coarse align is 15 seconds. The time to pulse torque
is mch longer. Since only one gyro is torqued at a time, the total
changes in angle for each axis is summed together and that total angle
is mltiplied by 2 (torquing rate is approximately 1/2 degree per
second) to obtain an estimate of realignment time.

"The induced error is directly proportional to the sum of the angles tha
each gyro is pulse torqued through. - An estimate of the error induced is
obtained by multiplying the sum total of change in angle by .002.

"So a single 90° yaw reorientation would take three minutes and would

induce an error of .180 degrees. The time to pulse torque is alleviated
by the fact that no star sightings are required following the alignment.

~

@
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"It should be noted that during pulse torquing there is no need to ho:
the spacecraft in a fixed orientation since the IMJ is always ine a
However, there is a possibility of pulse torquing the middle gimb. i
gimbal lock. It was decided to do nothing about this problem and leax
it to the astromaut to monitor the FDAI or N20 and maneuver if require

The significant point to be made is that the change is being mechanize
as an option in P52 - the IMJ Realignment Program - and so the control
for achieving the new alignment are the same as exist for that progran
That is, there is no direct way for the crew to tell the system tt mov
90°. Of course, he can probably fake it out by targeting an External
maneuver he has no intention of making - say out-of-plane to get a pre
REFSMMAT and then go into P52 to realign the IMJ to an out-of-plane
orientation. This last paragraph is my comment. Don't call Steve if
its nutty - or me either for that matter. .

/iy o

Howard W. Tindall, Jr.
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tached DATE: SEP 12 19¢€

68-PA-T-195A
9110 Data Priority Coordination

SUBJECT: G Rendezvous

In spite of the feverish activity we have on three swinging missions
C, C', and D, a few of us found a couple of minutes to spend on the
G Rendezvous. Some things came out of it that are probably worth
reporting:

1. As you know, on the D mission during a IM active rendezvous
the command module will be targeted with mirror image maneuvers to
backup the IM for CSI and CDH. These mirror image maneuvers are
identical in magnitude but opposite in direction, since it has been
found that the small errors resulting are a reasonable price for the
simplicity we obtain in the operation. Unfortunately, when operating
around the moon it!s apparently not possible to use identical AV
components for CSM mirror image targeting. This means that it will
probably be necessary for the crew to first cycle through the CSI/CDH
targeting program for the other spacecraft (P70 series programs) and
then run through the targeting for their own spacecraft (P30 series
programs ).

2. For the D mission itowas decided that a single TPI elevation
angle could be adopted (27.5 ) for all rendezvous situations. That i
either spacecraft coming in from either above or below. Unfortunatel,
the lunar rendezvous geometry prevents us from adopting this operatio
simplification and we must use different values of elevation angle de:
ing on whether the approach is from above or below. The values we ha
selected (based on Jerry Bell's work) are 26.68 for the approach from
below and 28.3° for the approach from above. The basic difference be
these values is the phase angle between the two vehicles at TPI, whic]
lunar orbit is much greater than around the earth for the same separa
distanze. The primary reason for having to use different wvelues is t«
keep the TPI maneuver 2long the line-of-sight. Another reason is to ]
component maneuver execution time for the two wvehicles the vame excep
for differences in their navigation.

If you have any comments or questions about any of this, ou: next get
together on the lunar rendezvous is currently scheduled for 9 a.m. on

September 18, 1968. %)7

Howard W. Tindall, Jr.
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UNITED STATLES GOVERNMEN
7
Memorandur

See list b2low DATE: September 22, 1968
68-Fi-T-201
FM/Deputy Chief

Resultis of September 17 Apollio Spacecraft Software Configuration
Control Board (ASSCCB) meeting

The first three hours of this marathon meeting were devoted to imple-

nentation of the descent program in ILUMITIARY. The currently approvad

plan is to impiement the one-phase descent scheme propossd by Floyd

Bennett and Lis werry crev. However, MIT has beexn directed to implement

it in such a way that it would be po;51ble to fly the old two-phase

technigue - if desired. Almost all effort is to be devoied o the

one-phase technigue with only one day's worth of testing included

fcr the twe-phase - and ne design improvements are to be developed

or imcluded in the two-phase. Vhat this rezlly means is thzt at the

cost of one day's worth of testing we huve provided some chewv insur-

ance for being able to change back later if we nave to. ITF the decision

were made {o use the two-phase, a considerable amount cf additionali

testing would be recuired. and at thav time, progranm deficiencies might be

uncovered revealing that that capatiiity dces not really exist.

Several things that interested me aboul the rev cne-phase are:

1. The decision of which vay {u go - on& or uvwo-phase is inade

pre~-flight and an opticn flag is s2t in erasimle memory bafore lounch,

2. The ruch sioother attitude time history of th2 one-phase scheme
ray very well perinit the DPS trim giirbal to do 21l the steering, sutstan-
tially reducing RCS usage.

3. MIT is providing a crew cption via the DSKi for manvally chlianging
fron P63 to PAL in the event they want to do that earlier than the auto-
matic switch.

4, High-gate is now being defined as the time at which the landing
radar position is changead.

MPAD hac suvmitte

J.ock-out of the 1

This was a two 01rf c1;?ge since it 1
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on the state vector. Since the propcsed change was estimated to cost
three days schedule impact, Floyd Bennett was requested to rewrite his
PCR to simplify the requirement while achieving the same end results.
Essentially, it amounted to replacing the 35,000 foot boundary with a
50,000 foct beundary. In addition, it is necessary that I verify that
the rendezvous radar powered flight designate routine (R29) can be
eliminated as a requirement and thus b2 mz2de uncallable from the descent
programs. Subsequent to the meeting I did that and have infcrmed FSD.

Guidance and Control Division brought in two PCR's (Nos. 224 and 248)
which influence the processing of the landing radar data. One changed
the reasonability tests and the other provided a delay in utilizing
landing radar data for four seconds after the LGC receives a "data
good" discrete because it takes that long for the landing radar output
to converge on the true value after lock-on. Both were approved at a
cost of one day each.

MIT was requested to determine the impact of changing the descent program
such that it would. be possible for the crew to command all four RCS jets
in the minus X éirection immediately upon touchdown in order to smoosh
the IM into the lunar surface and keep it from turning over while the

DPS belches to a stcp. Ain't that the damnest thing you ever heard?

Wlight Crew Support Division presented z propcsal. te modify COLOSSUS II
to pexrmit the crew to menually steer the T1LI ourn in the evenl of a
SIVB IU failure. DNo action will be taken on this until the technique
is apprcoved Ty Mr. Low's CCL.

A really ancient PCE, No. 132, submitted by the crew to rrovide a VIF
ranging dsta good discrete light, was Tinally disapproved since the
spacecraft will not be modifisd to provide the additional DSKY lighte
vhich would have been used for this.

Tom Gibson presented their proposal, vhich was approved, for the Tfollow-
on spacecraft programs. A so-called COLOSSUS I Mod A will be prepared,
which is basically the COLOSSUS I program with all known anomalies
corrected plus the following three simple program improvemerts:

1. IMU puise torquing

2. Backup integration

3. An improvement on the mark incorporation.
It is planned that a tape release of this progranm will occur on Decembar

1, at vhich time mission cperations iesting (Level 6) can be started
along wiith rope manufacture. This program will be used for the D mission.

/&4



A COLOSSUS II program is also now being developed which starts from the
COLOSSUS I Mod A baseline to which CSI/CDH will be added. I suppose it
will also include anomalies uncovered too late for the Mod A version.
MIT's estimate of tape release for this program is February 1, 1969.

It is felt that this program can probzably be made ready for Spacecrarft
106 - that is, the flight after D, whatever that is. VHF ranging,
incidentelly, should. also bz available on spacecraft 1086.

Pon N

Howard W. Tindall, Jr.

Addresszes:
FM/J. P. Mayer
C. R. Huss
D. H. Owen
FM13/R. P. Parten
J. R. Gurley
E. D. Murrah *
M. Collins
FM4/P. T. Pixley
R. T. Savely
FMS/R. E. Frnuvll
Fi5/H. D. Beck
FM6/R. R. Regelbrugge
K. A. Young
FM7/S. P. Mann
R. 0. Nobles
FM/Branch Chiefs
TRY /Houston/R. J. Boudreau
MIT/IL/M. W. Johnston

Fii:HwTindall, Jr.:js

ST ¢



FROM

SUBJECT:

:See list attached

QFTIONAL PORM NO. 10
MAY 1982 EDITION
asA e & (0 OPR) 101-118

UNITED STATES GOVERNMENT

Memorandum

DATE: september 23, 1968
68-PA-T-2024

: PA/Chief, Apollo Data Priority Coordination

G Rendezvous Mission Techniques

"If you can stand it, I would like to announce another change in the G

mission lunar rendezvous timeline. In order to provide more tracking
which will hopefully improve CSI targeting and to avoid bothersome
real time variations of time between CSI and CDH which foul up the
Plane change scheduling, we propose:

a. Move CSI five minutes later - to 55 mimutes after insertion
which is nominal apogee. This is primarily to avoid a rather large
radial AV at CDH.

b. Always schedule CDH one half a revolution (180°) after CSI.

c. Schedule plane changes 30 mimutes prior to CDH and at CDH,
as before. The IM should use the Z-axis RCS 1M tbmsts for the CDH
maneuver (by yawing if necessary) to avoid losing RR acquisition.

d. The IM may include a plane change at CSI if the CSM has
adequate sextant tracking for targeting it. Rendezvous radar only is
not considered adequate.

The new timeline looks like this:

55 TS o7 . 30 : 33
0 55 o2 115 45
INS. csI@éc ) P.C. CDH & P.C. TPL

The only disadvantage we currently see is that it reduces the time between
CDH and TPI to about 33 minutes. However, 33 mimites should be adequate
even with dispersions and the advantages of a relatively fixed maneuver
schedule and better navigation before CSI seem well worth it. It should
be noted that a (hopefully small) change in the CSI targeting programs
(P32 and PT72) would be required to force the computer to use the 180°
spacing between CSI and CDH. This can be done in either of two ways. Our
preference would be to provide the crew control probably by modifying the
second P32 DSKY display format to utilize the third register which is
currently blark as option code. [The other two displays in this format
are apsidal crossing (N) and TPI elevation angle (E).] The simplier but
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less flexible way of doing this job is to increase the magnitude of the
parameter currently stored in fixed memoxry which is used in the CSI R
test, which forces the logic to use a 180 transfer when the pre-CSI
orbit is found to be essentially circular apd apsidal crossings become
ill-defined. E4 Lineberry will submit a PCR for this.

Several action items came out of our meeting as follows:

a. MPAD - It is necessary to develop a rule governing the use of the
VHF data in the event no sextant data is being obtained. It is our under-
standing that VHF data by itself is not only inadequate, but could actually
degrade the processing. If this is so, we need to establish procedures
whereby the crew inhibits VHF into the CMC when sextant data is not avail-
able.

b. MPAD - It is our proposal that the CSM be the prime source of
targeting the plane change maneuver regardless of which spacecraft
executes it. This is because the sextant is potentially more accurate
than the rendezvous radar for this particular purpose. Here again a
rule is needed to define how much sextant data is needed to target the
plane change maneuver as opposed to using the rendezvous radar solution.

c. MPAD - We came to the conclusion at the last meeting that it was
not possible to use the same maneuver solution for CSM mirror image
targeting as the IM uses for burn execution. This meant the crew would
have to cycle through two programs rather than just one. On further
thought, it seems as though we can avoid this extra complexity, which
is really rather serious. I am sure we can for the CDH burn and it
seems probable that something can be done for the CSI burn too, particu-
larly since it's constrained to be horizontal. Accordingly, we have
requested OMAB to re-examine this procedure to see if we can't clean
it up. We must also determine whether one mimute delay in the mirror
image targeting is really a requirement since these are RCS burns and
problems at TIG don't appear to be too likely.

d. ASPO - Milt Contella repeated a rumor that the rendezvous radar
may have random error in the shaft angle measurement when the line-of-
sight from IM to CSM is close to the lunar surface. We must find out what
the true situation is as quickly as possible and start figuring out some
workaround procedure to be added to all the other ones.

0dds and Ends

We are assuming that the CSM will backup the IM CSI and CDH maneuvers
using the SPS; it is probable, however, as on the D mission, that it
will backup TPI with RCS. We have also concluded that the CSM should
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not backup the plane change since that requires yawing out-of-plane and
disrupts tracking between CSI and CDH. Of course, if it is known that
the IM will not be able to perform the plane change maneuver, the CSM
will do it at that time. If the IM and CSM both fail to perform the
plane change 30 mimtes before CDH, the CDH plane change will force the
node near TPI and so in that event the plane change will be taken out
during the TPI burn targeted with R-36 to force a new node 90 after
TPI time. This, of course, is a departure from the nominal TPI plan
which calls for forcing the node at intercept (TFF).

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js

/59



s Qe
L.

TO

FROM

SUBJECT:

CFTIGRAL FORM NO. 10
MAY 192 EETIN
GsAPPMR (4 OPR) W1-18

UNITED STATES GOVERNMENT

Memorandum

: See list attached DATE: September 26, 19¢

68-PA-T-2084

: PA/Chief, Apollo Data Priority Coordination

Unusual procedure required for IM Ascent from the moon

Jack Craven surprised us with a little jewel the other day during the
Lunar Surface Mission Techniques meeting. He says that in order to
enable the APS engine-on and staging commands from the ILGC, it is
necessary for the crew to depress (now get this) the Abort-Stage
button! That is, depressing this button must be part of the standard
countdown procedure to LM liftoff.

Alternately the crew can manually arm the engine which permits them
to send the engine-on command manually, but it does not enable the LGC
signal. Furthermore, if they do this, it is necessary for the crew

to also send the engine-cutoff signal manually since the signal from
the IGC is inhibited.

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT
Memorandum

See list attached DATE: October 2, 1968
68-PA-T-213A
PA/Chief, Apollo Data Priority Coordination

Iunar orbit revolution counter for C!

This may seem like a trivial matter - however, before any confusion
arises let's firmly establish the means of identifying revolutions in
lunar orbit by number. Specifically, unless there's some good reason
for choosing another way:

1. Revolutions will be started and ended at 180° lunar longitude,
i.e., on the back of the moon near the point of lunar orbit insertion
(LOIS. As I understand it, the RTCC is programmed this way.

2. The first revolution in lunar orbit shall be, appropriately,
called number one (1). It starts at IOI (%) and ends approximately
two hours later as the CSM passes over 180 longitude.

N

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT

Memorandum

: See list attached DATE: October 7, 1968

68-PA-T-215A

: PA/Chief, Apollo Data Priority Coordination

Cis-lunar spacecraft navigation for C'

We are still thrashing around trying to figure out what to do with regard
to cis-lunar spacecraft navigation for the C' mission. It is not clear
whether a couple of things are really necessary or not. If we could get
rid of them, it would simplify things. Unfortunately, we aren't confident
it is safe to delete them at this time, so they are still included.
Specifically, I am speaking of:

a. Conditioning and preserving the W-matrix

b. Making star/landmark (both earth and lunar) observations as
opposed to relying completely upon star/horizon measurements.

I think we have chosen the technique requiring the least diddling around
by the crew which preserves the W-matrix. It is based on the following
decisions:

a. The MSFN state vector will always be used for maneuver execution.

b. The MSFN state vector will always be used to reinitialize the
onboard navigation state vector. That is, we don't intend to preserve
the onboard computed value when new data comes from the ground.

c. The ground will only update the CMC CSM state vectors by uplinks
then into the IM state vector memory locations. (’I'ais applies for all
MCC's - translumar and transearth - except for the final one at EI minus
two hours. In that case, the ground will send the ground state vector
to the command module slots.)

It will be the standard procedure to send state vectors for whatever the
spacecraft needs them (primarily MCC maneuver execution) into the IM state
vector CMC memory locations since this does not effect the W-matrix. When
preparing for a maneuver, the crew will transfer these MSFN state vectors
into the command module state vector slots.by use of programs provided
specifically for that purpose. This, of course, will wipe out any state
vectors that have been computed using the onboard navigation and subsequent
navigation will use these state vectors transmitted from the ground as a new
starting point. As the crew executes the maneuver, the guidance system will,
of course, measure the maneuver and add it to the state vectors providing
the best source following the maneuver. The crew should then transfer these
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new ‘updated CSM state vectors back into the LM slots prior to any additional
onboard navigation in order to preserve them in case of communication failure,
whatever that is. Note that a small change is being made in the mC-H/RICC
to permit automatically generating a command message to uplink the CSM

state vectors into the CMC memory locations used for the IM state vectors.

Someone came up with a clever idea for comparing state vectors onboard
the spacecraft. By calling up a rendezvous display of range and range
rate between the IM and the command module, they are about to see the dis-
Placement and velocity of the state vectors - that is, the MSFN versus the
onboard values. How the capability should be used is not at all clear.

Something else came up at the meeting that was rather startling and may
have major impact. Namely, it may be impossible to do effective transearth
navigation on a mumber of days in the current C' launch window. Apparently
on the later days of the launch window, the sun, when viewed from the
spacecraft may be too close to the earth horizon and star/horizon observa-
tions by the sextant may be impossible to obtain for a substantial part of
the transearth coast. MIT, MPAD, and GCD are in the process of establishing
what days in the launch window are effected, based on the various systems
constraints. Once this situation has been clarified, it may be necessary
to make a decision as to whether it is acceptable to launch the C' mission
on a day when transearth navigation capability onboard the spacecraft does
not really exist. How does that grab you, "Communication Loss" fans?

ward W. Tlndall Jr.

PA:HWTindall, Jr.:Jjs
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UNITED STATES GOVERNMENT

Memorandum

:See list attached DATE: October 15, 1968

68-PA-T-219A

.PA/Chief, Apollo Data Priority Coordination

Lunar Rendezvous Mission Techniques

A number of people who know about the rendezvous radar (Myron Kayton,
Richard Broderick, etc.) came to our little Lunar Rendezvous Mission
Techniques meeting October 2 and assuaged our anxietles regarding the
possibility of poor shaft angle measurements when the line-of-sight to
the command module passes close to the lunar horizon. According to the
data they presented, the error introduced by multi-path in the rendezvous
radar data 1s essentially lost in the noise for elevation angles above
10° from the horizon. (During the nominal lunar rendezvous tracking
begins at approximately 10° elevation and approaches 20° at CSI.)

E4 Lineberry's people have made sufficient runs to show that it is -
possible to use the same CSI targeting data computed in the CMC for 1

IM maneuver solution comparison (properly biased) and for CSM mirror 23>
image maneuver targeting. We are currently recommending that the CMP
use P32 rather than P72 since this would avoid the necessity of going
through two pre-thrust programs.

One of the most significant things coming from the meeting, I think, was

a report by the Math Physics Branch people to the effect that the rendezvous
radar data 1s not expected to be of sufficient accuracy to target plane
change maneuvers prior to terminal phase. The estimated errors are simply
too great (e.g., 11 fps, one sigma). Accordingly, all plane change target-
ing prior to terminal phase must come from the CSM which can do an excellent
job given as little as 10 minutes worth of sextant tracking (0.5 fps, one
sigma). This does introduce sort of a problem since the technique for deter-
mining the magnitude of the plane change maneuver is to input the time of
interest into the R36 routine. Unfortunately, if we put in the time of the
IM maneuver, the solution would apply to the out-of-plane the command module
should make at a substantially diflferent place in .orbit. oEor example, at
CSI the command module is leadlng the LM by as much as(lg_" Of course,

the CMP could go through some ‘'mickey mouse” to bias this time as a function
of this phase angle based on some charts or something. However, he is
already pretty well bogged down with other work and so we are going to put
in a program change request for COLOSSUS II giving us a solution based on
the IM state vectors rather than the CSM state vectors somewhat as the TO
series programs compliment the 30 series.
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Jack Wright, TRW, had an interesting idea regarding the technique for check-
ing the validity of the VHF range data. It is his impression that the
rendezvous radar range and range rate measurements are essentially independ-
ent of one another, in effect providing two data sources for comparison with
the VHF. Agreement of either of these with the VHF would provide confidence
in its use. The crew display of raw VHF data is not really accessible to
the CMP in the lower equipment Hy and, of course, does not provide range
rate at all. Therefore, the comparison must be agalnst the DSKY display
of range and range rate based on the navigated state vectors which.include
the sextant observations. It seems to us, in lieu of real data that this
:1s probably a valid test of the VEF since it probably overwhelms the
!sextant data in the determination N of navigated range and range rate. I
would like to emphasize that this is a proposal requiring verification
and may prove to be not useable. However, I thought it interesting enough
to pass on to you.

ward W. Tindall, Jr.

PA:HWTindall, Jr.:js
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: See list attached ' DATE: October 17, 1968

68-PA -T-220A

: PA/Chief, Apollo Data Priority Coordination

Transearth Spacecraft Navigation

During Jim McPherson's Transearth Spacecraft Navigation Mission
Techniques meeting of October 8 and 15, a potpourri of ground rules,
working agreements and constraints was established. I may be dupli-
cating other reports with this memo but figure better too many reports
than not enough. All of the following apply specifically to the first
batch of sextant sightings - star/lunar horizon - after TEI on the way
back to earth. Many may also apply to later navigation observations,
but I won't attempt to identify them here.

a. Prior to initiation of transearth onboard spacecraft navigation,
the pre-TEI MSFN state vector navigated through TEI will be stored in
the CMC LM slots and will be used to initialize the navigation. That
is, no new state vector will be uplinked.

b. Navigation using star/lunar horizon observations give approxi-
mately the same accuracy as star/lunar landmarks - at least as far as
hitting the entry corridor is concerned. Accordingly for purposes of
mission simplifications - both pre-flight preparation and real time
operation - all star/lunar landmark observational exercises will be
deleted from lunar missions starting with C'.

c. This exercise is to start at TEI + 1% hours.

d. Altitude, which is not a constraint, should initially be about
6,000 nautical miles.

e. Stars of 2.3 magnitude or brighter are required for lunar observa-

tions.

f. Due to the reguired spacecraft attitude, the hi-gain antenna will

probably be out-of-lock. Therefore, low bit rate telemetry will probably
be used to transmit the data in real time. If so, marks must be made no
more frequently than one for each 10 seconds - procedures are required to
assure proper downlink antennz is selected.

g. After completion of this exercise, the crew will obtain sextant
photographs of the lunmar horizon - to see what the horizon looks like
at altitudes of 10,000 to 20,000 nautical miles - not to determine its
location.
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h. The W-matrix will be initialized to 3,300 feet and 3.3 fps. If
possible, they will be initialized at TEI and propogated from there. These
are the same values to be used after TLI and included in the E memory load.

i. MPAD and MIT will establish the AR, AV threshold the crew should
use for data selections - hopefully, it will be simple but perhaps must
be a function of geometry and time in the mission. (The data is on the
downlink regardless of whether the crew accepts the update or not.) It
should be noted that no good simulation facility will ever be available
to provide the crew any pre-flight judgment. Although the V83 rendezvous
RR display gives relation of pre-navigation versus navigated state vectors,
this kind of activity shall not be a part of the decision logic. If
someone comes in with a good, useful proposal, this will be reconsidered.

j.- A P52 align shall be performed immediately prior to this exercise.
k. The sextant calibration shall be repeated until agreement of at
least two checks (not necessarily sequential ones) are within .00
before "preceeding."

1. BSextant calibrations will be performed every one-half hour.

m. The CMC clock shall be updated by the MCC-H whenever in “error"

by more than .O40 seconds.
%&MM‘.&*

Howard W. Tindall, Jr.
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Memorandum

: See list attached DATE: October 16,

68-PA-T-222A

: PA/Chief, Apollo Data Priority Coordination

C' maneuvers - SPS versus RCS crossover

Neil Townsend (EP2) informed me by phone - and will supply written
confirmation - that the minimum duration SPS burn for C' should be
no less than 0.5 seconds. We had been assuming something smaller.
According to MPAD (Otis Graf, FM7) this makes the crossover point
between use of the RCS versus the SPS engine:

Translunar midcourse correction - 5 fps

Transearth midcourse correction -~ 12 fps

These values will be explained completely in an FM7 memo soon to be
distributed. I just want everybody to be aware of the new values and

1968

to start using them in his planning. ]
/’7 ‘e

Howard W. Tindall, Jr.
PA:HWTindall, Jr.:js
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Memorandum

: See list attached DATE: October 16, 1968

68-PA-T-224A

: PA/Chief, Apollo Data Priority Coordination

C' Earth Orbit and TLI Mission Techniques Open Items

It appears we have the Earth Orbit and TLI Mission Techniques for the
C' pretty well under control. The only two significant open items that
I know of deal with the optics check and the crew procedures for pro-
tecting against an SIVB engine cutoff failure during TLI.

The problem with the optics check is that no one has really established
what they are trying to accomplish by doing it. My own personal opinion,
of course, is that it is not really necessary. That is, we will be willing
to do TLI with the optics busted, whatever that means, since we should be
able to align the platform using the COAS good enough to perform the

return to earth maneuver. Although, I guess, we really haven't proven

that to everyone's satisfaction yet.

How the crew should backup the SIVB IU engine cutoff signal has been a
sticky wicket (I believe that is the expression). I think we have now
gotten through the emotional phase of this one and have zeroed in on two
possible techniques, both of which seem pretty good. The one I personally
favor was proposed by Charley Parker. Its merits are simplicity and the
fact that it gives the IU the greatest chance to perform its job, if it is
going to. Basically, no crew action would be taken until after an elapsed
burn time is equal to that expected from a 3 sigma low performing engine.
This would be like 10 seconds past the nominal burn duration. At that
time, the crew would manually shut the engine down as soon as the GNCS
indicated the targeted inertial velocity has been achileved as readout from
their DSKY display. Of course, if we really have had an IU failure, the
GNCS would indicate that we have already exceeded that velocity at that
time and so the crew would take immediate action by turning the abort
handle to shut down the engine and return it to its neutral position to
avoid automatic separation of the spacecraft from the SIVB. (Note that
the EMS ZSV counter plays no role in this procedure.) 1In the event the

IU has truly failed to send the cutoff command when everything else 1is
perfectly normal, this procedure would result in an overspeed of about

500 or 600 fps which would require a 2,000 to 3,000 fps return-to-nominal
midcourse maneuver three hours after TLI. This does not preclude going
into lunar orbit.

The alternate proposal is precisely the same as that, except than an addi-
tional period permitting mamual crew engine cutoff 1s included -~ namely,
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thst period containing all burn durations possible with a 3 sigma performing
cngine. This would be a 20 second period centered about the nominal cutoff
time. During this period, the crew would send a manual engine off command
if both the GNCS and the EMS [SV’counter indicated the desired cutoff velo-

city had been achieved.

Studies are continuing on both these techniques and a crew preference will
also be obtained hopefully leading to resolution within the next couple of
weeks. Since there is no crew simmlation facility capable of faithfully
similating the TLT maneuver, it will not be possible to base the decision
on experience gained in that way.

Y

A
Howard W. Tindall, Jr.
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TO : See list attached DATE: October 16, 1968
68-FM-T-225
FROM : FM/Deputy Chief

SUBJECT: Results of the October 8 Apollo Spacecraft Software Configuration
Control Board (ASSCCB) meeting

In this memo I will briefly describe some of the highlights of the
subject meeting:

l. There was a long discussion regarding the effects of CDU tran-
sients on AGS alignments while on the lunar surface. It appears there
are some fairly simple procedures for making sure unacceptable errors
are not introduced into the system. A matter that was not discussed
vas what sort of problems we can have in the AGS alignment while om
coasting flight where spacecraft attitude changes make checking very
difficult. We will have to pursue these matters in the mission
technigues development.

2. There were four PCR's approved that I would like to call your
attention to. They are:

a. PCR 546 (IUMINARY): Delete V50N25 display in P68. Crew must
insure a stable LM before "proceed" response to VOEN43. The VS50N25 dis-
play is not necessary. Attitude storage can be done after crew response
to previous VO6N43.

b. PCR 547 (LUMINARY): Delete V3TN57 display at end of P68 and add
"Do final automatic request terminate routine (ROO)." Chapter 4 incorrectly
shows P68 terminating with V3TN5T.

o c. PCR 551 (LUMINARY): Reduce normal maximum commanded rate from
20 /sec. to 14 /sec. since maximm commanded rate of ACA normal scaling is
too high for manual lurar landing. Reduce normal and fine scaling by a
factor of 7 for the CSM-docked case since normal and fine scaling of ACA
are too high for manual lunar landing.

~ d. PCR 552 (COTOSSUS): Add P22 assumption to read as follows: The
first m: rk obtained by this program cannot be the landing site. Coding in
P22 camot accept landing site as first mark.
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3. Since all of DPS guided burns on the currently planned missions
terminate at 40% thrust or less, it was decided to place the DPS tailoff
for L0% in  memory rather than full thrust.

L. MIT requested that we approve a change (PCR 494), which would put
the LGC value of landing site location (RIS) on the ascent and descent

downlink format. I am not sure why they want this unless it is for systems -
testing purposes. Note: We have no capability of reading it out in the s
control center in real time right now. fine g L

5. PCR 250 to put SPS mass flow rate (M DOT) into erasible memory of
COLOSSUS 1A was approved.

6. PCR 245 to permit use of planets in P23 and R53 was approved for
COLOSSUS II but will not be in COLOSSUS 1A.

T. Just so there is no misunderstanding on this, MIT has been directed
to delete the rendezvous radar acquisition routine (R29) from the LGC

descent program (P63) completely.

Howard W. Tindall, Jr.
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TO : See list attached DATE: October 21, 1968
68-PA-T-226A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Descent Aborts

We have finally started mission techniques meetings on Innar landing
descent aborts. At the risk of losing whatever confidence you might

have in my judgment, I would like to describe a technique we are probably
going to propose for aborts early in the descent phase. That is, within
about 25 seconds of commanding the DPS to full thrust. It is a technique
that Joe D. Payne and Floyd Bennett have been suggesting for quite a while,
but which most of the rest of us had been unwilling to accept.

First of all, I don't think anyone will argue about what should be done
between initialization of powered descent and DPS throttle up after the
trim gimbal period (currently set for 26 seconds). The AV acquired
during that period only drops the apogee down to about 4O miles so the
best thing to do is probably just shut off the engine and sit tight.

That is, no immediate abort maneuvers are required unless it is necessary
to get away from a hazardous DPS stage. '

After going to full throttle, though, there is a short period (roughly

25 seconds) during which aborts become a little difficult to handle.

In this region the trajectory rapidly becomes suborbital, making an immediate
abort maneuver necessary to achieve a safe orbit. The problem is that the
spacecraft is oriented retrograde to perform the descent maneuver, which

is emactly opposite to the direction required to get back into orbit. This
causes the problem. Namely, if we want to abort on the DPFS, you have a
choice of:

o2 Either turning off the engine, reorienting the spacecraft about
180", and reigniting the DPS to make a posigrade burn into orbit - and
no one wants to turn off the engine! or

b. Ieave the DPS engine on as the spacecraft is being reoriented.
Unfortunately, in order to avoid gimbal lock this attitude maneuver mst
be made in the pitch direction and leaving the engine on causes us to
acquire a large radial velocity during the attitude maneuver which mst be
removed. To do this the spacecraft would go through a pretty wild pitch
profile rotating almost a complete revolution from the time of abort to
the time of engine shutdown. The reason for this is that attitude change
is made at a rate of only 10 degrees a second, which means the engine would
thrust with a component in the radial direction for a long time. As you can

/162 B
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imagine, there are also considerable problems in the guidance equations,
which would cause theengine to be shutdown prematurely under certain
circumstances.

Abort Staging with the APS is not mmch better since it was felt necessary
to provide an immediate separation maneuver (currently coded to be three
seconds or 30 fps) to get away from the DPS before reorienting to posigrade
attitude. And, you can't leave it running for the same reasons as the DPS.
So you see, even for an APS abort, we end up turning the engine on, then
off, and then back on, which we don't want to do.

Let me point out that after about 25 seconds at full throttle, the hori-
zontal velocity required to get back into orbit when combined with the
radial velocity picked up during the attitude change results in a guidance
and attitude control situation considered acceptable. That is, it is not
necessary to turn off the engine during the pitch over to posigrade atti-
tude. So our only concern is with aborts during the first 25 seconds after
throttle up, when it is neither acceptable to leave the engine on nor to
turn it off for fear that it won't start again.

Standby for Payne's solution!
It is proposed that in the event of an abort recognized in that trouble-

some period to continue operating the DPS in the retrograde direction
until we have reached the time it is possible to make the attitude change

to the posigrade direction without turning off the engine! If the DPS p-

is the system that isn't working and it is necessary to "Abort Stage" and

use the APS, it is proposed to burn the APS in the retrograde direction h%r

. as long as necessary to reach the point when we can pitch to the posigrade

direction without turning off the APS. w

This solution, you see, avoids the need for turning off an operating
engine and makes the procedures for both DPS and APS about the same in
this time period as they are after this period. The thing that takes
awhile to get used to is burning in a retrograde direction lowering the
orbit still farther after a need for an abort has been recognized. How
do we rationalize doing a thing like that? We currently feel that the
advantages of the simplified, standardized procedures and particularly

of not shutting down a running engine sufficiently justify thrusting to

a situation a little worse than that which existed at the time of abort
recognition. And, of course, we do have a tremendous propellant surplus
if we abort at this time. Furthermore, aside from some problem associated
with throttle up, the probability of an abort being required in this 25
second period seems awfully remote making it very difficult to justify
development of a unique set of abort procedures and training to use them.
In effect, this proposal creates two rather than three abort zomes. No
abort maneuvers are required prior to DPS throttle up since the IM is still

orbital. Procedures after throttle up are all the same. There is no discret

point in the descent required special techniques.
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Formilation of the LUMINARY DPS abort program (P70) is completely compatible

with this procedure. That is, for a DPS abort the crew would always delay .
taking abort action until 25 seconds after throttle up. A program change L?3“
will be necessary to support this procedure in the APS abort program (PT71)

so that if the crew hits "Abort Stage," the APS will light off and separate,
maintaining a retrograde attitude until 25 seconds after DPS throttle up

time. Then it could go into the abort guidance as currently programmed.
Specifically, the change is to have the spacecraft perform a continuous
retrograde APS burn as opposed to a three second burn followed by an

attitude change and reignition.

Mal Johnston of MIT was at our meeting and will discuss this with our
friends in Boston. We'll talk about it some more next time after think-

ing it over a couple of weeks. I'd be interested in your comments.
B

m \“*d&%\,

Howard W. Tindall, Jr.
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UNITED STATES GOVERNMENT c
Memorandum

See list attached DATE: October 25, 1968
68-PA-T-234A
PA/Chief, Apollo Data Priority Coordination

C' Contingency Review

We went through the draft of the C' Contingency Mission Techniques document
on October 22, and I mst say I was impressed with its quality. It seemed
to me the Flight Analysis Branch, the Apollo Abort Working Group, and TRW
had done a good job of putting this together. The final version will be
distributed within the next week or so.

One item that came up needed resolution deals with the block data maneuvers -
that is, those abort maneuvers which the MCC-H periodically sends to the
spacecraft to be used in the event of a subsequent complete commmnication
failure. It is necessary to agree on the targeting objectives of these
maneuvers. First of all, let me emphasize that the free return trajectory
that we adhere to on the way to the moon does not necessarily provide a
water landing and almost assuredly does not provide a landing near the
primary recovery forces. All it does it to make sure that the spacecraft
can get back to earth with minimm Z&V in the event of an SPS failure. The
question to be answered is: Should the block data maneuvers merely be
designed to provide a water landing or should they also meet the additional
constraint of landing in the planned recovery area - that is, targeted to
the CLA? We had been assuming that they would aim for the CLA, although,
this may require maneuvers of as much as 1200 fps. Some people were ques-
tioning whether it would be better to avoid making a maneuver any larger
than is necessary to insure a water landing regardless of where it might
occur. Basically, it is a tradeoff between a maneuver (of up to 1200 fps)
to get where we really want to go versus a smaller maneuver (up to 250 fps)
to provide a safe landing somewhere. Of course, there is also the question
during the translunar coast of when to target the maneuver for a direct
return which costs a lot of [SV (up to 7,000 fps) as opposed to going
around the moon, which is mch cheaper. These things are really mission
rules wvhich mst be es-ablished before the fligh*. They apparently aren't
agreed to yet. At least I don't know the rule.

L (———'
Howard W. Tindall, Jr.
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Memorandum

TO : See list attached DATE: October 25, 1968
68-PA-T-235A
FROM : PA/Chief, Apollo Data Priority Coordination .

»

SUBJECT: Some more C' Lunar Orbit Mission Techniques

At our October 14 C' Lunar Orbit Mission Techniques meeting we settled

on a few things I would like to tell you about. Along with the TEI

block data to be sent up each revolution in lunar orbit, we are also

going to update the spacecraft state vector in the CMC every revolution.

This will be done after tracking the pseudo-landing site and before the

P52 fine alignment. Some consideration was also given to including a

TEI external [&V targeting load on the uplink each revolution but this

will not be done since the block data should be adequate. Incidentally,

the block data will be for a TEI maneuver for the revolution following

the present one - that is, about three hours after its transmission. -

We discussed the use of the tape recorder if the high-gain antenna does
not work. In this event, you recall, it is not possible to dump the

tape at lunar distances. The question to be answered is: What data
should be recorded on the tape to be brought back by the spacecraft

out of lumar orbit? Surely high-bit recording of the SPS burms - LOI

and TEI - must be included and will use about half of the tape (15

mimites at high-bit rate). Recording of landmark tracking on the back
side of the moon should have a high priority to be included and will

take very little tape. The technique will be for the crew to obtain

all of the sightings on a given landmark, which the CMC will temporarily
store in memory. After completion of taking that set of observations

the recorder is turned on for approximately 20 seconds at low-bit rate

to collect and save that data. Since we are making eight sets of observa-
tions on the back of the moon, we are only using 160 seconds worth of tape,
that is, about 2% mimutes out of the remaining one-half hour at low-bit
rate.

What else should be recorded is an open question and people with require-
ments should come forward soon and identify themselves so the procedures
can be worked out for the "no high-gain antenna" situation. Of course,
if the high gain is working, continuous recording on the back side of the
moon should be standard practice.

airp—
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Memorandum

TO : See list attached DATE: October 25, 1968
68-PA-T-236A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: CSI and CDH back into the AGS - maybe

Apparently the TRW AGS people have done a good job of putting the new
rendezvous radar navigation filter into that dinky computer. In fact,
they now estimate a surplus of some 80 words.

One of our brilliant sewns engineers here in MPAD - Ed Lineberry - has
developed a simple technique for computing the CDI and CDH rendezvous
meneuvers provided the CSM orbit is near circular as it should be on

the G mission (reference MPAD memo, 68-FM61-318, dated October 15, 1968,
subject: Linearized solution for CSI and CDH for a mmltiple-half-orbital-
period transfer between maneuvers!). In fact, he expects that it could
be fit into the aforementipned 80 words. He and Milt Contella have already
discussed this with the TRW people who are looking it all over. If things
go well, he expects they will come to the Software Configuration Control
Board with the proposal to include it in some future AGS program and we
can decided at that time if that is the best way to use our little 80 word
Christmas present.

I wrote this because that idiot Ed Lineberry is too darn modest to tell
anybody and I thought you might £ind it interesting.

W
Howard W. Tindall, Jr.

PA :HWTindall, Jr.:js
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Memorandum

TO ! See list attached DATE: October 25, 1968
68-PA-T-237A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: X-axis or z-axis for LM TPI?

This memo is in response to a question that came up at the October 21

D Rendezvous Mission Techniques meeting. The question was: What is the
additional IM RCS propellant cost if we use the z-axis RCS translation
rather than the x-axis for TPI? Chuck Pace checked with the MPAD
Consumable people who figured the x-axis would cost about 15 lbs. (taking
into account the required attitude changes and use of the APS interconnect)
and the z-axis will use at least 31 lbs. of RCS propellant (assuming the
best CG location). These mumbers are based on current spacecraft data
book information. They intend to verify them through use of a 6D simla-
tion program in the near future and will document the results.

In the meantime, we can probably use these estimates to decide which to
use - x-axis which costs less RCS or z-axis which avoids breaking radar s )

lock on. %Iﬂ / )

Howard W. Tindall, Jr.
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TO : See list attached DATE: October 25, 1968
68-PA-T-238A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Descent Aborts - Part II

This memo is to carry on from that three page snowflake I sent you the
other day on the same subject. It turns out we have encountered one

of those rare situations when in doing something to fix an undesireable
situation we actually improve something else at the same time. Speci-
fically, the rendezwvous people want to target the LM to a substantially.
higher.orbit following an early.descent.-abort than they had previously
proposed. This makes the horizontal posigrade burn following the descent
abort larger, of course, and alleviates that crazy pitch profile problem
which used to exist during an abort in the first 50 seconds of powered
descent. The point is that by some fairly minor changes in the space-
craft computer program (LUMINAKY), we can probably eliminate the special
abort procedure we used to think was necessary early in descent. Changes
to the DPS abort program (PTO) are essentially just changes in some
erasible constants. This does not impact coding but has a significant
impact on testing. By that, I mean the program will work now. The APS
program change noted in last week's memo is still required but is essentially
achieved by a erasible constant change too. This will all be firmed up and
brought to the Software Configuration Control Board in the near future for
their approval or something.

Having the early abort situation under control, we pressed on to another
phase of descent aborts requiring some attention - specifically, how to
handle the situation when the DPS is not quite capable of getting the LM
all the way back into the desired insertion orbit. In order to establish
procedures, it was necessary to make some assumptions. They are:

1. We never want to "Abort Stage" and use the APS, if the DPS is
still operational.

2. It is acceptable to operate the DPS to propellant depletion.*
3. We have no desire to use the APS engine again after achieving orbit

(that is, during rendezvous). Of course, we intend to use the APS propellant
through the RCS interconnect.

% This assumption must be verified by ASPO and then included in their
data books.
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4. The "Abort Monitor" in LUMINMARY remains active following a DPS
propellant depletion cutoff, which may result in a AV monitor alarm, even
though the crew calls up tbe AV residuals.*

and standard. Namely, whenever aborting on DPS, the crew will permit that

engine to operate at full thrust until either a guided cutoff is acheived

or propellant depletion occurs. At that time, the crew will "proceed" to A ,?f\
the DSKY display of AV residuals. If the Av remaining to be gained is _ ¥ ﬁ‘P\ ',
less than 30 fps, the DPS will be mamually staged and the crew will utilize 0
the RCS to achieve the desired insertion condition by nulling the Av res:.duals

(It is probable that only the horizontal component need be trimmed if a /‘rJL
convenient attitude reference is available. The FDAI eight ball should

be good for this.) If the AV to be gained is in excess of 30 fps, the

crew will hit "Abort Stage,"” automatically jettisoning the DPS and lighting

off the APS to make up the AV deficiency. Again, only the horizontal AV

residual need be trimmed.

If we can make the above assumptions, the procedures become quite simple phf

It is to be noted that with the new, high apogee we will be targeting for,
the RCS/APS switchover point is orbltal by a substantial margin (apogee
~ in excess of 75 miles) and so there is no problem in the use of an RCS
burn whose duration is less than 30 . seconds., It is also to be noted that
if the AV required of the APS is less than 100 fps, the burn duration will 5 r
be less than 10 seconds, which probably makes it unsafe to reignite the s A’
APS. There is so much mystery with what is and what is not acceptable with
the APS we cannot really be sure about that. However, it does not matter \ gﬁ“
since there is no problem antlclpated in performing the rest of the maneuver4 (
with RCS. | o J
{

n‘

A

1

One final comment - it has been proposed that the DPS be operated at half
thrust during aborts to prevent lofting when the APS is required to achieve
orbit. Two miles perigee and four miles apogee are the maximum effects.
Those do not significantly perturb the abort rendezvous and therefore the
decision was to maintain full thrust.

\s:

_ /
.~ % This assumption must be verified by me with MIT. éé‘, ‘
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TO

FROM

SUBJECT:

GSA FPMR (41 OPR) 101118

UNITED STATES GOVERNMENT

Memorandum

See list attached DATE: November L, 1968
68-PA-T-2L1A
PA/Chief, Apollo Data Priority Coordination

When is the rendezvous radar designate routine (R29) needed?

George Cherry (MIT) asked if it is possible to drop the rendezvous
radar designate routine (R29) out of the descent abort programs (P70
and PT1l). He gave me the impression that to do so now would signifi-
cantly reduce their work and permit concentration in testing in more
profitable areas. I don't know when the next Software Board meeting
1s - soon I hope. Perhaps this would be a suitable subject tc bring

up at that time.
YN\ J Y

-Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT
Memorandum

See 1list attached DATE: November 5, 1968

68-PA-T-2L2A
PA/Chief, Apollo Data Priority Coordination

C! earth parking orbit duration is a wvariable

This note is Jjust to make sure everyone is aware of the rather sigini-
ficant variation in the time between earth orbit insertion (ECI) and
translurar injection (TLI) on the C' mission, depending on day and
azimth of launch. This came as a surprise to me and may have some
impact on what you are doing. According to Ron Berry, the time from
EOI to TLI ignition is 2 hours and 42 minutes at the start of the
December 20 launch window and decreases to 2 hours and 28 minutes at
the end. On the last day of the launch window, December 27, this time
period starts at 2 hours and 22 minutes and shortens at the end of

the window to 2 hours and T minutes. All these numbers, of course,
are for the first TLI opportunity. It may be desirable to perform a
similation with the shorter duration earth parking orbit just to make
sure everything goes together properly. The poorer ground coverage
and shortened crew timeline may give some trouble if it hasn't been
thought out in advance.

—
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Howard W. Tindall, Jr.
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TO :  See list attached DATE: November 25, 1968
68-PA-T-2584

sy Y

FROM : PA/Chief, Apollo Data Priority Coordination
SUBJECT: Descent Aborts - Part III

We have had a couple more Descent Aborts Mission Techniques meetings
resulting in substantial progress which I would like to tell you about
in this memo, if you haven't already heard.

A basic ground rule we have established is that these abort procedures
go into effect at the time powered descent initiation (PDI) is attempted
(i.e., starting at the time of PDI TIG). The point is, if the descent
burn is not attempted at all another procedure is used (TBD). But once
descent is started and an abort is required, the crew will always go to
P70 or PT1l, the DPS or APS abort programs.

As noted previously we have eliminated the special abort zone during the
first 50 seconds of powered descent which used to require special pro-
cedures. A simple program change was made to LUMINARY to do this. 1In
order to cause the system to work in an acceptable way, it is also neces-
sary to increase the insertion apogee altitude in the PGNCS targeting.
This is done by changing the value of an erasible memory constant in the
1GC. (Insertion apogee altitude is now 100 n.m.; it was 60.) A prefer-
able solution was considered for LUMINARY but must be delayed to LUMINARY °
IT due to schedule impact. It is to have the PGNCS compute the optimum
apogee insertion altitude in real time based on the phase angle between
the IM and the CSM at the time of the abort. It is possible to do this
such that the subsequent rendezvous sequence is almost identical to the
nominal lunar landing mission rendezvous sequence - always providing a
one rev rendezvous with a differential altitude of 15 n.m. This program
change will likely be made in the AGS, too - perhaps even in time for the
F mission since it is relatively simple. Assuming we are able to fix the
PGNCS program for the lunar landing mission, it looks like we have a very
good, streight forward, simple and standarized abort/rendezvous procedure.

One cauticon must be cbserved since the DPS abort program.(PTO) commands

full thro=tle immediately. Therefore, if the crew decides tu abort on

the DPS iimediately after PDI they mst at least await engine stability
before hitting the Abort button. I should also point out thrit aborts

during the first 40 seconds of powered descent will currently result in

a spacecraft pitch maneuver which will cause the MCC-H to lose all telemetry:
until the crew can realign the hi-gain antenna or switch to the omnis.

A program change request for TUMINARY II has been submitted to fix this.
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Another area in which we have been working is the procedure following a
descent abort using the DPS engine immediately after the engine cutoff.
Like any other maneuver, the standard procedure is for the crew to call up
the AV residuals on the DSKY and check the horizontal AV still required.
Then:

a. If the horizontal Z&V to be gained is less than 5 fps, which
should be the usual case for aborts prior to about 300 seconds into
powered descent, the crew will trim it with RCS without staging the DFS.
Out-of-plane and radial Z&V components will be left untrimmed and their
effects will be eliminated by the subsequent rendezvous maneuvers.

b. If the l&V in the horizontal direction at the end of DPS burn
is more than 5 fps but less than 30 fps, we want to stage the DPFS off
prior to burning into orbit with RCS since RCS plume impingement pre-
cludes dragzing the DPS along. However, staging presents a problem
since the P3NCS digital auto pilot (DAP) will not be aware it has
happened. Since it would contimue to assume the high inertia, unstaged
spacecraft, it would command excessive RCS firing for altitude control.
Like IMj, it would really hose out the RCS fuel. The easiest way around
this is to switch guidance control to "AGS" and attitude control to "AGS
attitude hold"” and then manually translate into orbit with RCS based on
the PGRCS DSKY AV display. The procedure would be. to manually stage
immediately after initiation of the RCS trim burn. Again, there is no
reason for trimming the out-of-plane and radial AV residuals.

c. If at DPS engine cutoff the Z&V residual in the horizontal
direction exceeds 30 fps, the procedure is to simply hit "Abort Stage."
This will automatically separate the DPS and utilize the APS to complete
the maneuver required to achieve the desired orbit. The [XV required
depends on the abort time and can range from as little as 30 fps all
the way to a full Ascent duration burn. The 30 fps boundary was chosen
because attempts to use PTI/APS for smaller maneuvers can result in very
large Z}V errors, in fact as much as 60 fps. Again, only the horizontal
in-plane component of ZSV need be trimmed after the main engine cutoff.
Of course, in case "a" noted above it will be necessary to separate
from the DPS sometime. There was considerable discussion as to whether
a special post-insertion maneuver should be made for this or if it was
preferable to await the first of the scheduled rendezvous burrs - CSI.
We finally concluded taat the most straight forwarl procedure was to
separate the DPS at CSI in order to avoid the need for more ccmplicated
special procedures for this special situation. Separation at CSI
rather than immediately at insertion also provides the peripheral advantage
of an extra hour use of DPS consumables. But that is not our reason for
recommending this procedure. Of course, it will be necessary for the
crew to carry out certain DPS safing procedures. Specifically, they
mist vent vhe tanks just as they do after a nominzl lunar landing. One
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open item in regard to this is the determination of how propulsive this
venting is. If it turns out to be unacceptable we may be forced to provide
some special procedure to stage the DPS at insertion. FCD has the action
item of determining the magnitude of wventing Av.

\')
oward W. Tindall, Jr. .
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UNITED STATES GOVERNMENT
Memorandum

TO : See list attached _ DATE: January 10, 1969
B 69-PA-T-24
FROM : PA/Chief, Apollo Data Priority- Coordination

SUBJECT: Some decisions regarding lunar landmark tracking on the
- F and G missions

We had an Ad Hoc Mission Techniques meeting on Jamuary 9 to talk
over lunar landmark tracking. In particular, we wanted to discuss
what we thought had been learned from the C! mission and what we
want to do on the F and G missions. This memo is to outline all
that briefly. The specific things we were trying to decide were:

a. Whether special tests of any sort should be included on
the F mission which might permit us to broaden the acceptable sun
elevation angle constraints associated with the lunar landing and

b. To decide if optical observations (SCT or SXT) of the
landing site are required on DOI day for descent targeting and if
so how many, when should they be taken, and how should they be used?

Jack Schmitt has probed extensively into the landing sun elevation
angle constraints problem both before and after C! and probably has

a better understanding of this overall situation than anyone else 1
know. He has intensely debriefed all of the C!' crewman on this

specific subject and is confident that the wvisibility will be accept-
able for landing if the sun elevation angle is no less than about 3

or 4 degrees. The upper constraint he feels is in excess of 20 degrees
and the actual limit will probably be based on heating considerations
on the spacecraft or the crew during EVA rather than visibility during
descent (we'll find out what that limit is). In other words, it looks
like we have a sufficiently wide band of acceptable sun elevation angles
that this imposes no real constraint on G launch opportunities! Further-
more, there appears to be no reason to provide special tests on F
designed to broadened these limits or give us greater confidence in
them. One interesting point he emphasizes, though, is that we should
avoid landing with a glide path within about 2 degrees of the sun eleva-
tion angle since there is a definite degradation in visibility along
that line which would impair the crew's capability of evaluating the
landing site. This means that we should avoid sun elevation angles
between about 14 and 18 degrees - a little band of unacceptable light-
ing conditions within the much larger acceptable limits. He feels that
this band may be avoided in the few instances we encounter it by delay-
ing launch somewhat or by adding an extra revolution or two in lunar

¢ 26
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orbit. It 1s also evident that by the use of the hybrid flight plan
we can extend the translunar coast time with the same effect.

In summary, it appears that the sun
mission launch opportunities is not
there is no need to provide special
opinion.

The question of optical tracking of
understood. However, the consensus
mistake at this time for the flight
vations of the landing site zs part

elevation angle constraint on G
significant at this time and
tests on F to confirm this

the landing site is not so clearly
is that it would be a serious

plan not to include optical obser-
of the descent targeting operation.

But, based on the ease with which the C' crew located and tracked the

landmark on their first opportunity

there seems to be no reason not

to eliminate the first series of landmark tracking, which we had

previously included primarily for on-the-job training.

Accordingly,

we intend to utilize the tracking plan and ground targeting operations

previously developed in our Descent

Mission Technigues meetings except

that the first of the two tracking periods will be deleted or moved

to LOI day if it can be conveniently included in the timeline.

Since

the landing site will be in darkness at that time, this particular
session would have to be on some other landmark located 5 or 10 degrees

to the east of the landing site.

I woald like to discuss briefly the
observations.

reasons for retaining the optical

Basically, they reduce to two things neither of which

could he described as mandatory - but they are certainly not just

"nice to have" things either.
irprove the accuracy of the descent

descent *trajectory more nearly nominal.

The first, of course, is to significartlz

targeting which will make the
In line with this, it also

makes it more likely the lancing radar can return the trajectory to

within acceptable limits.

The second benefit is that they provide a

complete, independent check on the overall targeting system in the same
sense that the star check confirms burn attitude or the horizon check
confirms retro attitude on other mission phases.

Our discuszsions included numcrically defined MSFN and spacecraft systeoms
performance (expected and/or experienced) compared to descent targetin-

reguirements which, you see, I have

not included at all on this meno.

However, they support the above conclusions substantially and cculd te

made available to you if you want to see them.
simply because it is too complex a matter to discuss clearly in =
What I am trying to say is that I feel these are well-

such as this.

founded ccneclusions which may be applied to both the F and G

I left them out nexr
memo

missions

and we are going to press cn based on them.
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UNITED STATES GOVERNMENT
Memorandum

TO : See list attached DATE: January 1k, 1969
69-PA-T-3A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT:. Operations required for commnication loss on F and G
are sure better than on C! ‘

I think we have pretty well established how to handle a commnication
loss situation on the F and G missions. In effect, we have defined
which Block data must be sent and what onboard cis-lunar navigation
needs to be carried out. In both cases, of course, it is possible

to cut vack substantially from the C! techniques. This is because
we feel it is reasonable to assume that the LM provides a "perfect"”
backup for the CSM commnications.

BLOCK DATA

We established a ground rule that it is only necessary to send Block

data for abort situations when either the IM is not available or if
sufficient time to use the IM is not awvailable. Following is a table

of all the Block data transmissions planned for F and G giving the

time of transmission for the abort opportunity which it would be used for:

Time of Transmission Time of Abort Maneuver

During earth orbit TLI + 90 minutes. CSM only,
direct return

I0I - 15 PC + 2 for fast return following
flyby

Pre LOIl TEIl g p assuming perfect LOIl

Pre LOI2 TE12 Upvdate and TEIb assuming
no LOI2

Post L012 For TEI after sleep

Pre IM Jettison TEI 2 revs from Jjettison

After IM Jettison C! rev by rev technique except

during sleep

Byy U.S. Savings Bonds Regularly on the Payroll Savings Plan / 7? a
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In addition, remember the crew has the capability of using the GNCS SN

(P37) to compute their own return-to-earth maneuvers in the event of a _f?bmb‘/

commnication loss. In order to simplify the crew's procedures, we jg27 ¢
I

intend to transmit a small amount of additional information for use a
first guess in the operation of P37. Specifically MCC-H will periodi-
cally send the crew values of the landing area (CLA), the mareuver magni-

tude ( AV), and the burn ignition time (TIG) for possible future abort times.

CIS-LUNAR NAVIGATION

As you recall on C', the onboard capability for cis-lunar navigation
using P23 was thoroughly exercised and proven to be an excellent system.
Furthermore, it appears that Jim Lovell was able to do his job just
about as well in the beginning as he was later in the mission, indi-
cating that inflight training is not particularly necessary. Based

on this experience, only two batches of P23 star/earth horizon navi-
gation sightings shall be scheduled on the entire F and G flights. 1In
order to get the most from these two periods, one should be scheduled
before TLI + 5 hours and the other after TLI + 1k hours, if it is con-
venient to do so. The advantage of making the first batch that early
is that it will permit the MCC-H to make an accurate determination of
the actual horizon altitude the CMP is using in order to update the
CMC in real time just as we did on C'. To do this it is necessary
that the observations be made in altitude less than 50,000 n.m. and
preferably lower than 35,000, which is the altitude at TLI + 5 hours.
I would like to point out that the horizon Jim L.ovell used so0 success-
fully was sort of a nebulous one of his choice and was not well defined
making it unreliable to use the "C'" horizon altitude for the F and G
missions. Although not disasterous, a good knowledge of the horizon
substantially improves navigation prior to entry which is when it is
most important in the event of commnication loss. Whatever that is.

Recognize that implicit in this plan of scheduling only two tatcines
of observations early in the translunar coast is that there can oe
no independent onboard confirmation of the MSFN navigation which was
considered so important to insure that we miss the moon on C'.

Math Physics Branch of MPAD has been requested to develop a P23 track-
ing schedule to be used for transearth navigation in the eveat of no
commnication. This schedule will be included in the Flight Plan
labeled "loss of commnication contingency.”

As you recall, the primary purpose of onboard navigation during trans-
earth coast was for conditioning the W-matrix. We have selected a
procedure for F and G which makes it possible to eliminate that opera-
tion. Specifically, we have concluded that a crossover point exists
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at 30 hours before entry, which has the following characteristics. If} fgf ’
commnication has been lost prior to that time, the onboard system is 1
capable of providing acceptable navigation, maneuver targeting, and }
entry initialization starting from scratch with no special W-mztrix
conditioning. (The flight path angle error at entry should be no
greater than 0.5under the worse conditions.) In addition, it has been
shown that the MSFN will be sufficiently accurate at EI - 30 hours
that in the event of subsequent comminication loss there is no need
to perform onboard navigation but rather the crew may safely return
to earth using the data supplied for that purpose at EI - 30 by the
MCC-H. In other words, the same procedure used on C' at EI - 15 will
be carried out on ¥ and G at EI - 30. Namely, spacecraft state vectors
will be updated and the crew will be provided with midcourse maneuver
targeting and entry pad data needed to complete the mission without
further commnication.

In sumrary, F and G operations associated with commnication loss are
being considerably simplified from those used on C!. Utilization of
IM communications makes it possible to markly reduce the number of
abort Block data pad messages; the onboard and MSFN mevigation per-
formance experienced on C' permits us to reduce onboard navigation

to a total of only two batches of star/horizon observations. No
special procedures are required for W-matrix initialization. I'd
call that a giant step in the right direction!

Alosa LN don

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT
Memorandum

TO : See list attached DATE: January 1k, 1969
69-PA-T-kA
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: F and G cis-lunar midcourse correction scheduling

This memo is to make sure everyone is aware that we are scheduling
the final midcourse corrections before I10i and Entry differently than
on C'.

The final transiunar midcourse correction shall be scheduled at

LOI - 5 hours since that provides optimm midcourse correction effective-
ness and confidence in subsequent MSFN tracking for LOI targeting. You
recall on C' this maneuver was at IOI - 8 in order to provide a short

crew rest period after that. This is not required on the ¥ and G missions
at this time.

The basic criteria for selecting EI - 2 hours as a last transearth
midcourse correction was to make it as late as possible while still
providing adequate MSFN tracking for entry initialization. On the

C! mission it was found that although two howurs is adequate, an addi-
tional hour would be advantageous. Since there appears to be no dis- -
advantage to moving this maneuver one hour earlier to EI - 3 hours we
propose to do so. One associated item North American is going to check
out is with regard to the effect of this on the RCS quads. There is a
slim possibility that this schedule may present a thermal problem.

I would like to emphasize that the intermediate cis-lunar midcourse
correction schedule is not based on trajectory consideration but rather
will be selected to fit most conveniently in the crew work/rest cycle
Jjust as it was done on C!. Accordingly, the scheduling of these maneu-
vers must await development of the flight plan after which they will be
shuffled in at the most convenient times.

CQJL442KJ:> kk\cumllbﬁkilr
ward W. Tindall, Jr.

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT
Memorandum

TO : See list attached DATE: January 15, 1969

_ 69-PA-T-8A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: F and G Lunar Orbital operations - mostly pre-DOI IM activation stuff

On January 10 we had an F and G Mission Techniques meeting dealing
mostly with Lunar Orbital operations, which .I would like to record
with this thing.

In our contiming effort to figure out the best way to minimize the
DOI day timeline, I think we have finally converged on the best
basic procedure for getting the LM checked out. As usual we went
over the three most popular ways proposed - namely:

a. All at one time on DOI day
b. Two work periods - one prior to IOI and one on DOI day
c. Two work periods - one on DOI day and one after I;OI2

We finally selected the last of these, basically by the process of

elimination. Trying to do everything on DOI day not only lengthens
that day by at least one hour but it also sets up a situation which
is completely intolerant of even the most minor trouble as the crew
goes through the process of manning, powering up, and checking out

the IM. And, it should be emphasized that although it may be pos-

sible in real time to slip DOI a revolution, it will be by no means
a simple procedure to get all squared away again in preparation for
the most complex operation we have ever attempted in flight. What

I am trying to say is that we want to avoid perturbing the timeline
around DOI at almost any cost and, splitting up the LM preparation

into two periods helps to do this.

Having accepted the two period technique, the question remains -
where to put the first period? Although the pre-IOI period of
checkout was attractive for a number of reasons, it seemed to us
questionable in terms on what it might do to the spacecraft thermal
situation and more seriously to what might happen to the LM steerable
S-band antennz if it were unstowed prior to the big SPS I0OI maneuvers.
Except for the fact that this time period provides contimuous MSFN
coverage, all other advantages are also obtainable if we schedule
this activity after 1OI.. The thing we like about putting a two or
three hour checkout period after 1012 and before the crew rest period

oy 4
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is that it provides an opportunity for the crew to get the IM squared
away - that is, things stowed and other housekeeping chores done before
DOI day. It also provides an opportunity to add an additional activity
which might be discovered during the D mission or as a result of con-
tinued detailed planning of the F and G missions without perturbing the
complicated pre-DOI timeline. (It also provides a place to stick in
some F unique DTO's.) OFf course, this checkout period is much more
tolerant of problems than DOI day. For example, it can be extended
although at the cost of some crew rest. And, perhaps more important,
will provide more time for the MCC-H to evaluate and digest the checkout
data. Charlie Duke is going to head a tiger team mostly composed of
FCD and FCSD people to develop a detailed timeline for IM preparation
including all those systems tests considered essential and no more than
that. They will integrate these into the total timeline which includes
the crew suiting and eating and all of the other LM activation activity
as well as the CSM landmark tracking which now consists of only one
tracking time period.

We will review the results of their work at a later Mission Techniques
meeting so that everyone in the world can criticize it and finally
bless it.

In addition to that one big item there were a pot full of little
things we discussed and resolved as follows:

a. There is a minor difference of opinion between the F and G
crew as to whether the landmark tracking should be done in the pitch
or roll mode. John Young, who favored the pitch mode, is going to
try out the other technique in an attempt to resolve this.

b. Most of us have pretty well agreed that docked AOT IMU align-
ments are expensive to do and are not necessary. Accordingly, we now
propose to use the same procedure as D for docked IM alignments referenced
to the CSM platform using the known relative orientation of the CSM and
IM navigation bases. This does mean that an accurate LM IMJ gyro drift
check can not be made although we expect it will be good enough for a
go/no go of the system. Just how good it is will depend on how stable
the relative orientation of the navigation bases is over a two hour
period. We must get this information from ASPO as soon as possible.

c. Prior to and during DOI we want the IM radar turmed on to check
it out and if necessary to verify PGNCS performance of the DOI burn.
After that the rendezvous radar may be turned off since there appears to
be no strong requirement for its use until after the phasing burn on the
F mission or until about five mimutes before powered descent on the G
mission.
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d. In lieu of some other positive proposal we stated that the DPS
would be separated from the ascent stage 10 minutes prior to the insertion
maneuver by executing a 2 fps horizontal retrograde RCS burn. AGS control
will probably be used for that.

e. I% has been stated that there is very little difference in the
accuracy of the results obtained using the sextant rather than the scan-
ning telescope for landmark tracking therefore until C' it was proposed
to use the telescope because acquisition and tracking was expected to be
easier. However, the C' crew informs us that it is actually easier to
track a given lunar feature using the sextant once it is acquired and
so that is what will be done on the F and G flights.

f. Since there seems to be time available following IQI for the CMP
to get some practice landmark tracking, it will be included in the time-
line. Of course, the actual landing site will be in darkness then so
some other feature located to the east must be used instead. It is our
intention to select a landmark which will be at a 3 degree sun elevation
angle on a nominal mission since this experience would give us a little
more confidence of tracking at a low sun elevation angle. This benefit
is not important enough, however, to make any real time change in the
landmark to be used like we were prepared to do on C’.

t
“y
ard W. Tindall, Jr.

Enclosure
List of Attendees

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENI‘
Memorandum

TO : See list attached ’ DATE: Jamary 21, 1969
' . 69-PA-T-10A
FROM : PA/ Chief, Apollo Data Priority Coordination

SUBJECT: F and G mission cis-lunar and abort plan

On January 8 a gang of us FOD types got together to develop a proposal
on how we should use.the IM for cis-lunar and lunar orbit aborts. In
other words, how should the C!' techniques be modified due to having the
IM DFS available to backup or use in place of the SPS. A great deal
of work has been done and documented by Carl Huss, the Flight Analysis
Branch of MPAD, and the Apollo Abort Working Group and the results
belatedly reported here are heavily dependent on that work. -

First of all I'd just like to state a few facts and assumptions upon
which the Abort Plan given in the attachment are based.

a. E:cept in the case of aborts from lunar orbit, the SPS will
always be the primary abort propulsion system. That is, the maneuver
will be made with the SPS, bringing along the IM, when poss:n.ble, so
that the DFS can be used as a backup if the SPS fails. '

‘b Since the SPS does not have enough propellent for ‘ZIIEI with the
IM attached, we mist reverse the order for leaving the moon if we want
a TEI propulsmn system backup. And, I guess we do.

c. 'There is a period during translunar coast - from TLI until -
about IOI - 20 hours that the fastest return to earth can be made
directly using a maximm SPS burn after jettisoning the IM. After ,
that period there is no advantage to direct returns and we don't ever
suggest making one.

N

d. There appears to be no period wherein it is faster to make a
direct return using the DPS than it is to perform a post-pericynthion
maneuver follow:.ng a 60 mile flyby.

e. It is always preferable to perform a 1unar flyby than a direct
return using the SPS unless we truly have a time critical situation,
in which case we would only consider use of the maximm available AV
solution which, of course, includes jettisoning the IM.

f. The fastest return trajectory including a lunar flyby is with
a pericynthion altitude of 60 n.m. If we maneuver to provide a higher

By U.s. Savings Bonds Regularly on the Payroll Savings Plan 4 25’ Q

2010-%08



altitude, the trip time is most likely going to increase. This accounts
for the use of 60 n.m. in the time critical flyby modes. Of course, the
procedure must include making the standard regularly scheduled translunar
midcourse corrections to achieve 60 n.m.

g. Although the real time situation (particularly spacecraft con-
figuration has an overwhelming bearing on what should be done) , it seems
like a good idea to place the spacecraft on a tra,)ectory targeted to the
prime CIA as soon as practical, even though that causes an increase in
trip time, and perhaps a second maneuver after pericynthion to speed it

up.

h. Although we always list the SPS maneuvers as the prime mode and
only utilize the DPS as a backup to the SPS, it is recognized that the
crew and ground mst be trained and prepared to carry out a docked DPS
burn. Accordingly, numerous additional options are available to be
agreed to either pre-flight or in real time wherein the DPS is used
instead of or in addition to the SPS. For example, the desire to make
a DPS system test may justify its use in a non-critical time situation
or the use of both the DPS and SPS may provide a significant advantage
given certain spacecraft system failures to provide greatest crew safety.

Finally - we brlefly dlscussed how to handle partial LOI]_ '.Burns. First
of all we are recommending the same procedures as C' in the event of
guidance or control problems during LOI] - namely SCS MIVC rate command
takeover and burn completion. This is proposed for all the same reasons
as for C' - basically it results in a better situation. For SPS failures
prohlbltlng completion of ILOI,, Flight Anmalysis. Branch recommends ground
targeted aborts using the DPS as preferable to the C* type "15 minute
abOTYt™ SFS burn using on-board chart targeting, This is probably the
best thing to do and I'm sure we'll talk about it a lot more before it
finally is resolved. One thing to be emphasized though is that, since
we have the DPS backup we don't have to be in such a hurry to take action
after SPS troubles show up as we were on C'.

All of this will be thoroughly reviewed at a slam-bang Mission Techniques
meeting scheduled for January 29.

é vard W. T:Lndall Jr. VL-

Enclosure

PA:HEWTindall, Jr.:js.

/§E



CIS-LUNAR ABORT FLAN

Categories depend on when the need for the abort is recognized as
follows:

CATEGORY I

From TLI until abort LOI - 20 hours (The actual time will be approximately
at the equi-return time -~ direct return using the SPS vs flyby. This
tradeoff will be biased as described in Note I.)

A. Time Critical
1. SPS direct return without the LM, to any CIA (AV less than
about 8,000 fps). (See Note II)
2. DPS maneuver at pericynthion + 2 hours to any CIA following a
60 mile flyby. (1500 fps AV max.) -
B. Non-time Critical
1. SPS (or RCS) burn at convenient time before LOI - 5 hours, to
flyby pericynthion between 60 -and 1500 n.m., to the prime CIA.
2. DPS (or RCS) burn at convenient time before LOI - 5 hours, to
flyby pericynthion between 60 and 1500 n.m., to the prime CIA.
CATEGORY ITI -

LOI - 20 hours until the last translunar coast midcourse correction at
ILOI - 5 hours.

A.

Time Critical

1. SPS burn at pericynthion + 2 hours to amy CLA following a 60 n.m.
flyty.

2. DFS burn at pericynthion + 2 hours to any CLA following a 60 n.m.
flyby.

Non-Time Critical

1. SPS or RCS burn at convenient time before LOI - 5 hours, to
flyby pericynthion between 60 and 1500 n.m. to the prime CIA.

2. DPS or RCS burn at convenient time before LOI - 5 hours, to
flyby pericynthion between 60 and 1500 n.m. to the pripe CLA.

Enclosure
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CATEGORY TII

After I0I - 5 hours - or when propulsion system failures are recognize_d
too late to do Category II.

A. Time Critical

1. SPS burn at pericynthion + 2 hours to a x Cra follow:.ng a
60 n.m. flyby.

2. DPS burn at pericynthion + 2 hours to any CIA following a
60 n.m. flyby.

B. Non-Time Critical
1. SPS or RCS at earliest practical time before MCC 5 (about TET
+ 15 hours avoiding sphere of influence) to the prime CIA as
fast as practical. (See Notes I and III) :
2. DPS or RCS at earliest practical time before MCC 5 (about TEI
+ 15 hours avoiding sphere of influence) to the prime CILA as
fast as practical. (See Notes I and IIT)

There is an important real t:.me Judgment factor influencing

NOTE I :
the non-critical abort techniques trading off reduced return
time vs. large maneuvers which may modify the priorities.
NOTE ITI : The LM is jettisoned only in the case of Category I, time

critical, SPS direct return aborts.
NOTE III : Normal return velocities shall be limited to less than

36, 323 fps. Time critical aborts must provide entry wvelocities
of less than 37,500 fps. :
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UNITED STATES GOVERNMENT
Memorandum

TO : See list attached DATE: February 5, 1969
69-PA-T-14A
FROM : PA/Chief, Apollo Data Priority Coordination

suBJecT: Two-stage LOI looks good after C'

Just like in other fields of endeavor, it always seems possible to
use actual flight results to prove how smart you were before the
flight. I am writing this note to crow about how C' proved we "done
right" in planning a two-stage LOI.

As you recall we originally considered mamially backing up the GHNCS
during LOI to avoid an overburn using both burn duration AND the EMS

[&V counter. However, when we got down to detailed planning on how
to do this, we concluded that we had insufficient confidence in the

V counter to wait for it to clock out since the consequences of an

overburn are catastrophic. Furthermore, although it sounds simple,
monitoring three data sources simltaneously and taking proper action
at this critical time turnmed out to be messy. As a result, the final
C' procedure was to backup the GNCS by mamually shutting down the SPS
if it exceeded the LOI; estimated burn duration by more than six seconds.
This value was consistent with the 60 x 170 n.m. initial lunar orbit.-
If we had been using a one-stage LOI our rule would have had to be for
the crew to shut down mamnally just about at the nominal burn duration
(no delay) in order to avoid an unsafe pericynthion in the event of a
high thrust engine.

On C! LOIl we actually experienced a burm duration 4.9 seconds in excess
of that expected. Therefore, given a one-stage LOI on C' the crew would
have shut down the SPS mamually even though the G&N was operating properly
and then they would have had to make a second burn of about five seconds
duration to finish it off. (In addition to that, we would have been
unable to utilize the flexibility of the two-burn IOI targeting to com-
pensate for the trajectory dispersion following the last translunar mid-
course correction and we would have ended up with a 64 mile altitude on
the back of the moon rather than a 60 circular orbit.)

Incidentally, our other pre-flight conclusion, that is, lack of con-

fidence in the [XV counter was also proven correct on this flight by
several in-flight anomslies including an erratic accelerometer!

%Muaob\!& "

Howard W. Tindall, Jr.

Weren't we smart?

PA :HWTindall, JT.:3s
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UNITED STATES GOVERNMENT _
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TO : See list attached DATE: February 6, 1969

- 69-PA-T-18a
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: F/G cis-lunar midcourse correction mission techniques

This memo is to document the cis-lunar midcourse correction mission
techniques we agreed to Jamuary 27 and 28 at the F and G Mission
Techniques meetings. The translunar maneuvers are based on the follow-
ing assumptions and guidelines:

a. We are not concerned about getting substantially further off
the free return trajectory than on C' - primarily because we have the
DPS backup.

b. We are especially anxious to conserve RCS propellant, which
led to the procedures of allowing the midcourse corrections to grow
to SPS size if possible.

c. In order to maintain best control over the situatior we
decided to use MCC; (at LOI - 22 hours) as the prime MCC, leaving
MCC), essentially for fine trimming if necessary.

d. The minimum SPS burn is 0.5 seconds which is equivalent to
approximately 3 fps.

Based on all that, we established the following:

a. MCC; (at TLI + 7 hours) and MCCo (at TRI + 24 hours)

The need for these maneuvers will be based on how big MCC
would oe if we did not make them. Specifically, MCC, and/or MCCp will
not be executed as long as MCC; is less than about 25 fps without them.
Furthermore, we will not make %hem unless we can use the SPS (that is,
they must be bigger than 3 fps) and we will not trim residuals.

b. MCCq (at LOI - 22 hours)

This is the prime maneuver to achieve the desired trajectory
around the moon. It will be made if the predicted MCC), is greater than
about 3 fps in order to avoid using SPS for MCC),. Residuals will be
trimmed to within 0.5 fps on this maneuver, which will most likely be
made with the SPS.

190 4
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c. McCy (at LOI - 5 hours)

By taking advantage of the significant flexibility provided with
two-stage LOI maneuver in targeting the LOI maneuvers, we are often able
to avoid making an MCCy. That is, the LOI targeting can be done to achieve
a 60 mile circular orbit in spite of substantial approach trsjectory
dispersions. This is done by rotation of the major axis of <he initial
60 x 170 n.m. lunar crbit. However, we established that the apsidal rota-
tion should be limited to less than 45 degrees. If it is necessary to use
the SPS for MCC), the residual will be trimmed to within 1 fos.

Midcourse correction techniques on transearth leg phase of thie flight were
somewhat simpler. We are retaining the C' technique of utilizing transearth
midcourse -corrections only for corridor control. We have concluded that

it is desirable to avoid making the last midcourse correction (i.e., MCC

at EI - 3 hours) if at all possible. Accordingly, we opened up the entry
interface (EI) flight path angle limits a little more than on C'. Speci-
fically, we will not execute MCC-, if the flight path angle falls between
6.3 and 6.6 degees@egees is nominal). In order to minimize the
probability of that midcourse correction, we set the threshold for MCC
(scheduled at EI - 15 hours) at .5 f£ps which is close to the MSFN target-
ing accuracy at that time. The first transearth midcourse correction (M‘JCS
at TEL + 15 hours) will not be executed unless it is greater than 1 fps.

The most significant change from C', of course, is brought a’:out by the
DPS backup which safely permits deviation from the free return trajectory.

This makes the logic much simpler since we don't have to consider moving
the maneuvers earlier to stay within RCS return-to-earth capability.

<y W

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:Jjs
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UNITED STATES GOVERNMENT
Memorandum WA Haned Spacecratt Center

‘See list attached DATE: February 11, 1969
69-PA-T-23A
PA/Chief, Apollo Data Priority Coordination

F/G Mission Techniques - except for the lumar orbit phase - are
ready to eat

Some of tne decisions and open items that came out of our F/G Mission
Technigues meetings in late January are listed in this memo. Basically,
I would say that all mission phases aside from the lupar orbit activity
are very well understood at this time - primarily as a result of the C!
mission - and should be formelly documented within the next couple of
weeks.

1. Flight Control Division is going to establish the detailed
procedures for manning and activating those LM systems required to
establish commnications in the unlikely event CSM commnication is
lost. They mst include the techniques for orientating the LM steerable
antenna toward the earth if the omnis are inadequate. It is also neces-
sary to give some thought to when the crew should initiate these procedures.
That 1s, what should be done with the CSM commnication systems first after
the total failure seems to have occurred. )

2. As a standard procedure, MCC-H will update CSM state vectors on
a more-or-less periodic basis - say every 10 hours or so when it is
mitually convenient to the crew and ground, unless they have changed so
little as to make it useless. Whenever the state vectors are updated,
it will be to both the IM and CSM computer memory slots, CSM first.

3. REFSMMATS

a. The launch REFSMMATS will be retained until the IMU alignment
after MCCl time whether the maneuver is made or not.

b. The same PTC REFSMMAT will be used translunar and transearth
during the periods from the Post-MCC, to pre-MCCy and from TEI plus two
or three hours to EI - 5 hours.

c. The lunar orbit REFSMMAT to be used for the period between
the PIC times defined in "b" shall be such that the IM in landing attitnde,

over_ the landing site after DOI would have O, O, O_on the FDAT. This
REFSMMAT will be computed by the MCC-H prior to MCCh for use in the CSM.
According to my notes, the REFSMMAT will be updated on DOI day to com-
pensate for prediction uncertainties. I can't remember why. (On the

/72 &
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G mission, of course, the REFSMMAT in the LM will be updated several times
automatically while on the lunar surface by the LGC to correspond to the
ascent alignment. Currently we plan to update the CSM more or less to the
ascent REFSMMAT but we will not attempt to maintain it precisely the same
as the LM.)

4. The only burn monitoring limit it is necessary to change from
those used on C' is the one used for overburmn protection on LOI,. The
extra mass of the LM makes this maneuver substantially longer in duration,
so that limit has been made correspondly larger. Specifically, it will be

10 seconds rather thap 6 gecaonds.

5. Math Physics Branch was requested to determine if in order to
maintain a good MSFN orbit determination capability, it is really neces-
sary for the crew to reverse the orientation of the spacecraft x-axis
every three hours during periods of venting. It seems as though the net
effect of the venting is almost exactly in the least sensitive direction
when using the PIC attitude currently proposed and it would certainly
be nice to avoid unnecessary spacecraft maneuvers; perhaps even unnecessary

‘7akening of the crew.

6. In order to insure that the crew geyer experiences CHC Program 65

during entry, MCC-H will make a real time selection of entry range to avoid
P65 prior to targeting TEI. - This should not be a difficult thing to do
while in lunar orbit but cannot be done pre-mission to suit all launch
opportunities.

T. The crew is looking for a recommendation as to whether the entry
should be performed using one or two RCS rings. Claude Graves is said
to be working on this.

8. Docked DPS burns in lunar orbit

a. It was established that, if a docked DPS burn is to be used
for TEI, it should be carried out with one burn only as opposed to two
as has been suggested.

b. In this event the LM platform will be aligned using docked
AOT sightings of stars in order to determine platform orientation (P51).
Given the accuracy of pulse torquing, it will be possible to reorient the
IMU for the maneuver without additional AOT sightings.

c. The CSM will use the Average G Program (P47) for maintaining
state vectors if we make a docked DFS burn.

d. It was estimated that the LM could be made ready for such a
burn easily within 13 hours.
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e. MIT was asked to determine if the DPS gimbal trimming would

work in the docked confi tion at 10 p the L RY A
e S s ||

program. /*fé' < L
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f. It is evident that complete docked DPS check list mst be
prepared for the F andéi}c€§ws by FCSD.
N

9. The crew was somewhat concerned with the technique MPAD has
developed for the LOf{ﬂS minute abort. This abort maneuver, you recall,
is one the crew must target for themselves in the event of a premature
SPS shutdown during LOI. The crew charts that MPAD has developed present
the [&V required assuming the maneuver will be executed exactly 15 minutes
from the time of SPS shutdown. Since the spacecraft clocks are all keyed
to LOI TIG, the crew feels it would be easier for them if the maneuver
were scheduled to occur 15 minutes from LOI TIG. The point 1s, they
were concerned that in the event of an emergency they may not note the
time of shutdown or are more likely to make a mistake in determining
vhen to execute the abort maneuver. Flight Analysis Branch, MPAD, is
looking into reworking these charts based on TIG rather than SECO.

10. Since there is concern over premature shutdown on either the LOI
or TEI maneuver, the crew asked if it were not logical to protect against ||
it, particularly in the unstable butterfly region, by use of the Thrust L
Direct On switch. For example, during LOI they suggest turning that q
switch On from TIG + 1 minute to TIG + 5 minutes and on the TEI maneuver %ﬁ
they would switch it On from TIG + 15 seconds to TIG + 2 minutes. Flight
Control and other guys are going to think about that! I think the greatest
fear 1s what would happen if the crew neglected to switch it off in time.

That's all I can rememeber. Mostly trivia, you see which probably shows
better than anything the status of F/G Mission Techniques for these mission

phases.
(A, R

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:Jjs
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TO

FROM

SUBJECT:

OFTIONAL FORM NO. 10
MAY 1982 EDITION
Gcsa Perum (43 OFR) 1011008

UNITED STATES GOVERNMENT

Memorandum

See list attached DATE: February 11, 1969
69-PA-T-24A
PA/Chief, Apollo Data Priority Coordination

F/G Rendezvous Mission Techniques - mostly F

As part of F/G Torture Week, we spent Thursday, Jamuary 30 on the
rendezvous. Overall, I would say this mission phase is in pretty

good shape with only a few unresolved items that we know about right
now. I would like to tabulate here a bunch of odds and ends we agreed
to at this meeting - as well as my memory serves me. It's mostly trivia
and if I were you I wouldn't waste my time reading anymore except maybe

paragraph 3.

l. On the D mission the CMP is prepared to make a so-called "Hori-
zontal Adjust"” maneuver if it is decided to stay in the mini-football
in order to insure a closing trajectory. The F and G crews both felt
this is an’unnecessary complexity and so they will not make such a
maneuver or be prepared to make one on these missions.

2. Everyone worries about overburning the IOI maneuver. Wait
until they discover it just takes an extra 12 fps on DOI to cause a -
lunar impact. The IM picks up that mch ZSV in about three seconds
when operating at about 40 percent and so it is unlikely we will be
able to establish a mamual backnp protecting against overburn which
would provide a safe orbit. On the other hand, some sort of monitoring
is required and Rick Nobles (MPAD) was given the action of establishing
the limits for the crew to shut down the DPFS manually when both the AGS
AID the Burn Time have been exceeded by these amounts. -

3. 1M aborts due to a fouled up DOI maneuver are attracting a lot
of attention. For the past year, everyone agreed that the best technique
is to make a brute fcrce burn right back to the CSM immediatc¢ly. This
probably works pretty well if it's done within five to ejght minutes of
DOI. After that it doesn't and the crew feels more time than that will
be required for them to ascertain an abort is necessary and then to
execute it. Ed Lineberry was given the action.item of performing a
parametric study to establish the best techniqie for aborts up to about
15 mimites after DOI with the maximm possible overburn based on our
backup cut-off procedures. Whatever it turns out to be we are tenta-
tively proposing to use the DPS at 40 percent thrust, controlled mamually
with the AGS mmintaining attitude hold. The crew would stmt down about

(7S~
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17 o 15 fps short and finish off the burn with 4 jet RCS while simultane-
ouzly jettisoning the DPS. Milt Contella ventured the opinion that DOI
aborts are going to turn into the F equivalent of D's TFI, - Endless dis-
cuzcion and a mess in the end! I believe it already.

.
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k. We decided to create a new PAD message which the C.JP can use for
lozding his Target AV program (P76) for the ground computed mapeuvers -
DOI, Phasing and Insertion. It consists of Purpose, TIG, and AV’s. In
additicn we decided to add burn time (BT) to the LM P30 PAD.

5. It was determined that it will not be possible for the F crew
to use their descent program (P63) for the landing radar test as they
had planned because MCC-H will not be prepared to support it with the /
necessary input data. Don't get excited. This is no great loss. p77'

6. We pinned down the complete rendezvous tracking schedules for
both spacecraft and established the following W-matrix values. The
initial values shall be 10,000 feet, 10 fps, and 15 milliradians. The
values for reinitialization shall be 2,000 feet, 2 fps, and 5 milli-
radians. (For the unique F rendezvous tracking period between the
Phasing and Insertion burns, the W-matrix shall be initialized using
2,000 feet, 2 fps, and 5 milliradians.) MIT was asked why the PGNCS
computer program (LUMINARY) does not provide a simple way for initializing
the W-matrix value for radar bias as it does the position and ?ocity
values. Perhaps a PCR should be submitted for that. 7~ 73

T. We had a lengthy discussion on rendezvous navigation during the
phasing revolution. It was soon recognized that, since the LM has no
tape recorder, it is only possible to evaluate its performance if we
allow the rendezvous navigation to update the state vector. However,
the flight controllers were concerned that if the rendezvous navigation
in back of the moon fouled up the IM state vector they could have
problems targeting the Insertion Burn which occurs shortly after AOS.

On the other hand, it is possible that the rendezvous navigation could
be useful in detecting dispersions in the Phasing maneuver. Accordingly,
we reached the following agreements:

a. Rendezvous navigation by the command module will be used only
to update the LM state vectox.

b. Rendezvous navigatjon in the IM will be used to update the IM_
state vector until shortly before 10S. After that, the LM crew will
switch the LGC to update the CSM state vector.

c. While the IM is in back of the moon the flight dynamics people
will determine if the LM onboard state vector is acceptable for executing
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the inserticn burn. If it 1s, it will be left alone; in fact, MCC-H will
transmit it to_the CSM after inserfiop. If it is not acceptable, the LM
crew will be advised at AOS to terminate their navigation program (P20)
immediately and the update program (P27) will be called so that the ground
may send a good LM state vector for the Insertion maneuver. It is unlikely
that they will have to do this but if they do it must be recognized that

we will not get the rendezvous radar tracking data at the maximm ranges
which we are so interested in.

d. As a standard procedure the ground will always urdate the
CSM state vector in both spacecraft computers after.insertion.

8. Rendezvous radar thermal study must be performed, I suppose, and
we established the following profiles for that purpose listed here in
order of our preference:

a. Rendezvous radar continuously operating from during the mini-
football to completion of the rendezvous.

b. Same as "a" except turned off from DOI until just after
Phasing.

c. Same as "b" except turned off during the platform alignment
while in the phasing orbit.

If GAEC and RCA feel the rendezvous radar cannot support any of these
profiles - we would rather fight than switch!

9. After a little merry-go-round we agreed on what the CSM should
do for TPI targeting. He starts out running the P34 using the elevation
angle option in order to obtain a TPI solution for comparison with the LM
PGNCS. He then recycles using the time option with a TIG one minute later
than the LM's in order to backup the LM TPI maneuver.

10. Both the F and G crews and just about everyone else who stuck it
out to the end seemed to want to keep the IM active for TPI even if the
rendezvous radar had failed. You recall the D mission rule says the CSM
should go active for that failure. I guess that must be the right thing
to do since so many people thought so and I was just too groggy to understand.

1l. MIT was asked the following brief questions:

i
a. Does the CMC automatically inhibit VHF ranging data beyond

t

the recycle range of 327 miles? E:
b. How does the crew request the half-period-between - CSI- ! gﬁ'ii

and- CDH option in the rendezvous navigation program (P32).
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c.
to load them pre-launch on the E-memory K-Start tape.

d. How should the crew handle the sign of the out-of-plane velocity
display from R36 if: (1) the CMP requests the IM option for relay to the
IM or (2) if he uses R36 to target his own plane change maneuvers.

N

Howard W. Tindall, Jr.

Well, I warned youl

P :HWTind=ll, Jr.:js

Are these options in shared erasible memory or is it possible (aﬁ v
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UNITED STATES GOVERNMENT
M e mOT(l ndum NASA Manned Spacecraft Center

TO : See list attached DATE: February 11, 1969
69-PA-T-228
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: G Lunar Surface Phase Mission Technigues

During the first half of 1968 we held a seguence of meetings which
culmipated in a proposed set of mission techniques concerning use of

the guidance and propulsion systems while the IM is in the lunar

surface. This was documented in a Lunar Surface Phase Mission Technigues
book, dated October 6, 1968. On February 5 we reviewed these techniques
with the newly selected G crews, MIT, and other organizations concerned
with this business. Some changes were made, which I would like to tell
you about.

Probably the most significant change deals with CSM activity during

this period of time, something which most people almost completely
ignore. The most important thing the command module does is to execute

a plane change such that the IM ascent can be carried out essentially
in-plane. The second thing the CMP does is to attempt sextant tracking
of the LM on the lunar surface in order to refine targeting for the IM
ascent maneuver. Our proposed plan had both of these things scheduled

in the period immediately prior to IM ascent, taking almost eight hours
of fairly contimious activity. The plane change was 1% revs before lift-
off. As a result of somebody's suggestion - I think it was Buzz Aldrin -
we looked into performing the plane change about 2% revs after the 1M
lands. We found that this resulted in considerable improvement in the
cverall operation, provided it is unnecessary for the IM to lift-off pre-
maturely. This single disadvantage is brought about by the fact that the
plane change targeting is based on an assumed IM lift-off time. The
advantages are:

a. It provides a long period of stable trajectory conditions prior
to the LM lift-off.

b. It makes the mission plan tolerant of slippage in plane change
exc:cution or any other CSM activity, for that matter.

c. It shortens, simplifies, and balances the periods of CSM activity
better and makes them more consistant with LM periods of activity.

By moving the plane change into the landing period of activity, it is only
necessary for the CMP to start IM ascent preparation about 3/4 rev before

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan (85 B



IM lift-off. It is at that time while in darkness that he aligns his

platform such that during the vexr of_ the he may hope
make sextant observations for MCC-H's use in targeting the ascent.

Incidentally, you will probably be interested to know that the nominal
plane change for a mission carried out in July will be about €0 fps and
in August about 170 s. Although the state vectors for MSFN tracking
should provide ample stability for carrying out the CSM plane change
maneuver this long before ascent, it is probable that some LM yaw steer-
ing will be necessary to compensate for whatever errors propagate to
lift-off time. These errors, we feel, should be well within the LM yaw
steering capability. (Note: The yaw steering propellant requirement is
proportional to the square of the yaw steering required; one-fourth degree
costs about 5 fps, one-half degree yaw steering costs about 20 fps of APS
propellant. )

Considerable time was spent discussing the insertion orbit for which we
should target aborts immediately after IM landing. As you know, during
powered descent, aborts are targeted for a iable insertion velocity

to achieve the desired rendezvous light and &H characteristics. At the
start of powered descent abort targeting aims for a high apogee. This is
continuously decreased for aborts later in power descent until it reaches
30 n.m. apogee below which we do not care to aim. Therefore, for aborts
from powered descent later than that and when first on the lumar surface we
continue to aim for a 10 x 30 orbit. After passing the first go/mo go
approximately three minutes after touchdown the crew exits the descent
programs which deactivates the "instantaneous" abort capability. There-
after, if it is necessary to abort they mst use the standard ascent
program (P12). The question was - what should we aim for then? After
lengthy discussion we arrived at the non-unanimous decision to target an
abort at that time to the 10 x 30 orbit also. The most favorable alter-
nate was to aim for the standard 10 x 45 which is used in the nominal
mission, although in this case, you recall, it is necessary for the IM

to remain in the insertion orbit for two revolutions in order to catch up
to the command module before going into the standard rendezvous sequence.
The primary advantage of the lower orbit is that its higher catch up rate
permits spending about three more minutes on the lunar surface evaluating
the IM systems and preparing for the IM lift-off if it's necessary. It
also reduces probability of APS propellant depletion which is somewhat more
likely in an abort since the crew has not yet gotten rid of some of the
equipment which they plan to jettison on the lunar surface. We may hear
some more about this decision.

The third topic consuming most of our time dealt with lunar surface PGNCS

alignment. I think everyone is now pretty well satisfied that the opera-
tional alignment procedure should use the gravity vector as opposed to the
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NOT since it is not only easicr for the crew to perform hut is more likely
10 provide the smaller dispersion in flight path anglc - that is, it is the
safer. On the other hand, it was finally agreed that AQT/star alignments
should also be attempted - not only as a test of the system but also for
the dnta they will provide for determining the lecation afl tbe.fM.on the—
lunﬁr surface. For those familiar with the various alignment options, we
aIll finnlly agreed on the following sequence for both the simulated count.-
down to lift-off at the end of the first CSM revolution (abort) and for the
lift-off at the end of the nominal lunar surface operation; the option order
isn L, 2, 1, 3. (One thing somcone ought to look into is whether the IM
lefs deflect as a result of crew movement within the spacecraft because if
it does significantly change the spacecraft attitude they must be careful
not. to move around during these alignments. This sounds like a good action
item for the FOP.)

George Cherry suggested an alternate way of stopping RCS jet firing immediately
after touchdown. He pointed out that just jogging the hand controller will

not necessarily immediately stop the firing and suggests instead cycling

the PGNCS mode control switch to Off and then back to either Attitude Hold

or preferably Auto to reset the DAP.

In summary, I would say this whole business was substantially simplified
at our clam bake and is in pretty good shape right now. We have a solid
plan for the crew and ground activity which everyone is satisified with.

I think the only soft spot is in regard to the targeting for aborts from
the second go/no go point and that should be easy to settle soon.

0~LJCLD;§;<E:::;£;;::jr\h
Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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Memorandum

See 1list below‘

FA/Director of Flight Operations

Spacecraft

guidance for TLI

(2-18-69)
After yesterday's meeting/on the F m1551on I have had some second
thoughts and prompting by others about using the. spacecraft
guidance and platform for S§-IVB TLI. The following summarlzes my

position and is to be used as policy in FOD.

The primary (end._originally my only) rezson for using the space-
craft guidance as a backup to the launch vehicle platform is to
assure crew safety during first stage flight where a platform
failure coulé cause a nasty abort situation at or near max g. Fol-
lowing this decision, it was fairly reasonable and relatively easy
to provide the crew with the capability of guiding the launch
vehicle into orbit, and I therefore subscribed to this position.
The switchover toc spacecrait guidance was to be utilized when and
only when the platform fail lights were given to the crew and for
no other reasons. My concern here was that we would get ourselves
back in the same box as Gemini where an inordinate amount of work
was required to provide switchover criteria throughout the powered
flight phase. The probablllrles associated with! ‘Apollo 10 platform
1allures just plainly don't warrant that klnd of effort when faced
with the work load we have in the Apollo program.'

After listening to yesterday's discussion on the work we're about

to set out on in order to be able to perform TLI with the spacecraft
guidance, it began to be painfully obvious to me that we were
putting ourselves back in the same box mentioned above. Further, as
Sig Sjoberg pointed out to me, Sam Phillips gave -very specific in-
structions to both MSFC and MSC that we were to limit our studies to
backup guidance during the launch phase and, 'in fact, gave expiicit
instructions not to consider any other backup modes other than the
polynomial in the Iirst stage and manual guldance during the second
and tni»d stage for orbital insertion.

Based on the above, it is my direction that we cease work on any
switchover or backup guidance schemes that would be used beyond
normal corbital insertion. I realize that this will make some people
in FCOD unhapdy, but I don’t feel that the work necessary to accom-
plisn TLI guidance with the spacecrart is worth the effort at this

@,,/%/ ‘_
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CPTWONAL FORM NO. 10
- MAY 1362 EDITION
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UNITED STATES GOVERNMENT
M emorandum NASA Manned Spacecraft Center

TO : See list attached DATE: TFebruary 20, 1969
69-PA-T-28A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Descent Abort Mission Techniques

On February 13 we went over our Descent Abort Mission Technigues

with the world. In general they were accepted as is. That isn't

to say we didn't have some lengthy discussions resulting in some
improvements and/or changes but we didn't make any substantial changes
to the basic ground rules, philosophy, or overall procedures. I would
like to list here some of the things we decided as well as some open
items requiring work.

1. Although we didn't spend any appreciable time discussing this,
it probably would be worthwhile to look into fixing the spacecraft
computer program (IUMENARY) such that we could use the DPS and APS
Descent Abort Programs (P70 and PT1) before PDI (TIG). In other words,
prior to PDI the crew and/or MCC-H may decide PDI is "no go.” Since
the descent abort programs have the capability of targeting and guid-
ing an ideal maneuver to set up the standard rendezvous sequence it
may be quite an advantage if we are able to call upon those programs -
without actually having attempted PDI as the program is currently
constrained.

2. It was agreed that if the steerable S-band antenna lock-on is
lost during a descent abori, the crew will not attempt to reacquire with
that antenna but rather will switch to the ommis as soon as it is con-
venient for them to do so. Of course, this will only supply the ground
with low-bit rate data but reacquisition with the steerable is considered
-to be almost impossible, particularly in an emergency situation like this.
(Landing Analysis Branch was given the action item of determining if the
initial descent abort attitude maneuver for any period in a nominal descent
would cause the S-band steerable to loose lock.)

3. It was concluded that there is a significant advantage to having
the AGS Mode Control switch nominally set to Attitude Hold during descent
in order to permit the crew to complete a landing using the AGS if they
have a PGNCS problem late in descent and consider it safer to land than
to abort. Of course, this means that an extra switch setting must be made
if it is necessary to abort on the AGS. Specifically the AGS abort sequence
would be:

a. Set Guidance Control to AGS
b. Make a manual maneuver to approximately the abort attitude

| 297 &
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c. Set Mode Control:AGS to Auto (This is the "extra")
d. Push Abort or Abort Stage

4. We had a lengthy discussion about whether or not the DPS should be
run to propellant depletion. The Propulsion people (who are never in
attendance in any meeting dealing with how: their systems are going to be
used) have stated that running the DPS to propellant depletion should not
be done unless crew safety is involved. There are obviously times in the
descent aborts at which crew safety is decreased if we turn off the DPS
any sooner than we have to. Accordingly, in order to avoid some sort of
complicated logic to guide the crew in determining when they can or cannot
run to propellant depletion, we all agreed that the DPS will ordinarily
be run to propellant depletion if the guidance system does not shut it off
first. The crew took proper note that there is some hazard incurred in
doing that and plan to mamally shutdown the DPS when the propellant gauge
reads 1 or 2 percent remaining provided they are clearly in the region that
shuttingdown the DPS is not going to increase the probability of hitting
the moon AND it is clear an APS burn will be required to achieve orbit.
Implicit, of course, is that they are not so busy in treating the cause
of the abort that they fail to monitor and take this action.

5. In the event it is necessary to use the APS to achieve orbit,
it was concluded that the crew will not attempt to prowvide ullage prior to
pushing the Abort Stage Button. Although this is not accepted practice for
an in-orbit maneuver, we could see no reason why it should not be perfectly
safe to do this following a DPS burn of any magnitude with completely full
APS propellant tanks.

6. By far our longest discussion dealt with how to handle the situation
at insertion following an abort during the first 300 seconds of powered
descent. Specifically, we are faced with the problem of how to, jettison
the DPS conveniently and safely and at the same time trim the Z&V residuals
in order to get on the desired rendezvous trajectory. The results of this
discussion were so meager that I will not report them here. Particularly
since subsequent to the meeting several new proposals have been made that
appear better than anything we considered. What I'm saying is that our
discussion was fruitful to the extent that it got a lot of people thinking
about this problem but we probably need to get together again to discuss all
the resultant ideas and choose our course. I will set up a get together just

for that purpose.
o SN e,

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js

26y S



TO

FROM

SUBJECT:

TEEEC, AL T/ 1L /M) Tl .

UNITED STATES GOVERNMENT __
NASA Manned Spacecraft Center

MemOTdndum | | Mission Planning & Analysis Divisio:

See list below DATE: February 20, 1969
_ 69-FM-T-30
FM/Deputy Chief

Results of the February 18 Apollo Spacecraft Software Conflgnxatlon
Control Board (ASSCCB) meeting

This is just a short note to inform you of the most significant actions
taken at the subject meeting.

1. PCR 268 for both IUMINARY 1A and COLOSSUS 2A was approved. As
a result, these programs which will be used on the G mission will be
modified to speed up Programs P34 and P35 as recommended by Ed Lineberry,
Bob Regelbrugge, etc. Specifically, this change to the TPI and MCC tar-
geting programs is to use a Kepler prediction rather than the precision
numerical integration since it is so mch ‘faster with no appreciable
decrease in accuracy. It is estimated that about 80 seconds is saved
each time these programs are called up. Since the command module runs
through P34 three times between CDH and TPI, this represents a saving of
about four minutes in that extremely crowded timeline. MIT intends to
implement this such that it normally operates in the fast mode but they
are providinga crew option to override that logic and use the old pre-
cision integration if it is deemed necessary. [Inc1denta11y, no change
is being made to the Stable Orbit rendezvous program (P38).]

2. PCR 273 to put the jerk limits used on the descent abort programs
into erasible memory was disapproved. However, we were given the action
item of determining the values which we feel are best to be put in fixed
memory. These mist be relayed to MIT on or before February 21l.

3. PCR 274 for LUMINARY 1A and COLOSSUS 2A to modify the lunar potential
was disapproved based on George Cherry's estimate that the impact would be
substantial. MIT was asked to start a parallel effort in developing the
formilation for the expanded lunar potential model for their programs but
not to plan to implement it for the G mission. This obviously means we
will have to develop workaround procedures for DOI and descent targeting
to be used in the MCC-H/RTCC.

4. PCR 732 LUMINARY 1A to add rendezvous radar bias to the W-matrix
input/output display was approved. As you recall, the crew was already
given a convenient way to readout and update the position and velocity
terms of the W-matrix but had to go through a special procedure for load-
ing the rendezvous radar term. This change merely added that parameter
to the standard display. There was considerable discussion regarding units
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of these terms. MIT was given the option of changing them for crew

convenience at no impact if they could do it to both COLOSSUS and LUMINARY.
It should be emphasized this is just a nicety.

5. Several changes have been approved to the Descent programs of
LUMINARY 1A. Probably the most significant deals with providing the crew
with the capability of taking over manual control of spacecraft attitude
and then returning to automatic control while in the terminal descent

programs. If you are interested in this sort of thing I suggest you
As T under-

contact the experts to learn precisely what is being done.
stand it, if the crew does take over attitude control, it is important
that they maintain the computer recommended attitude as displayed in the
FDAI error-needles, otherwise the throttle control by the LGC will get
screwed up. Also, there is some concern that if the crew does not respond
fast enough they may create an umstable situation.

Finally, I would like to confess a mistake I have been making, which I

am going to try to avoid in the future.

Namely, in the interest of

expediency, I bave been signimg MPAD's PCR's which are not written up
accurately or completely enough. From now on I am going to be looking
for mich more detail specifically describing the change and the advantages

to be accrued.

Addressees:
FM/J. P. Mayer
C. R. Huss
D. H. Owen
R. H. Brown
FM13/R. P. Parten
FM2/C. A. Graves
FM5/R. E. Ermull
H. D. Beck
FM6/R. R. Regelbrugge
K. A. Young
R. W. Becker
FM7/S. P. Mann
R. O. Nobles
FC5/C. B. Parker
'T.'RW/ Houston/ R. J. Boudreau
MIT/IL/M. W. Johnston
NR/Downey/B. C. Johnson, ABL6
FM/Branch Chiefs

FM:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT
M emorandum NASA Manned Spacecraft Center

TO : See list attached DATE: February 24, 1969
69-PA-T-31A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Let's have no unscheduled water dumps on the F ‘mission

During a recent Data Selection Mission Techniques meeting we were
informed that the CSM has some sort of automatic water dump system.

It was even rumored that it might be enabled on the F mission while

the crew is sleeping during cis-lunar flight. This memo is to inform
everyone that an unscheduled water dump can really screw up MSFN orbit
determination. Accordingly, if we have a vote, this automatic capability,
if it exits, should be inhibited and water dumps should only be per-

formed as scheduled by MCC-H.

Howard W. Tindall, Jr.

PA:BEWTindall; Jr.:js
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MAY 1962 EDITYaN
GSA FPMR (41 CFR) 101-118

UNITED STATES GOVERNMENT
Memorandum NASA Manned Spacecraft Center

TO . See list attached DATE: February 24, 1969
69-PA-T-32A
FROM ! Im/Chief, Apollo Data Priority Coordination

SUBJECT: Some things about MSFN orbit determination

A couple of interesting things came out of our Data Selection Mission
Techniques meeting of February 19.

There had been concern that the last translunar midcourse correction (MCCy )
was being scheduled too late before LOI. You recall that it is at LOI -

5 hours. Math Physics Branch reported that the MSFN 1 sigma perigee
prediction uncertainty at the time of LOI targeting (at LOI - 2 hours) is
1.4 n.m., assuming MCC), is executed to within .2 fps. It was also reported
that if it was unnecessary to perform MCC) the uncertainty in perigee pre-
diction is essentially constant from LOI - 5 hours through LOI - 2 hours:
the 1 sigma value being .4 n.m. The significance of this, of course, is
that our current midcourse correction logic makes t probable that MCC)
will nct te reguired and, therefore, it should be possible to perform LOI
targeting as much. as 5 hours before LOI without any additiomzl error if

it is operationally desirable to do so.

If you recall, on the C' mission we stated that MSFN ranging while the
spacecraft was in lunar orbit was unnecessary unless orbit determination
problems cropped up, which they never did. This same procedure applies

to the F mission with one significant exception. In order to give us

the greatest chance of solving our current lunar orbit determination and
lunar gravitational problems, we would like to obtain as much MSFN ranging
as possible during the Zandmark tracking exercise to be carried out on TEI
day. Although not mandatory, we would like to assign it a priority high
enough that it would be obtained even at some cost of voice commnications
and/or other things that might conflict with it. In other words, it is

not trivial. (::\( -

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:Jjs
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UNITED STATES GOVERNMENT

M 3m0 Tdndum NASA Manned Spacecraft Center

: See list below DATE: February 25, 1969

69-PA-T-34A

: PA/Chief, Apollo Data Priority Coordination

D Mission IM PGNCS IMU drift checks

This memo is to backup a telephone conversation with Will Fenner. I

hope it doesn't just add confusion but I thought it might be worthwhile

to put into writing my latest with regard to the D Mission LM PGNCS IMU
alignments and gyro drift checks. I am pretty sure if limits are approached
or slightly exceeded, the guidance officer is going to be forced to exercise
some real time judgment and I don't envy him in this particular case. I
would recommend he reference this memo if it supports his judgment but

if he doesn't use these mumbers, I certainly will not call anyone's attention
to it.

Marty James, TRV, has spent a considerable amount of effort in determining
the magnitude of the various error sources contributing to our uncertainty
in the relative orientation of the two pav bases. I spent a good bit of
time talking to him and my feeling is that he has done a good job and these
numbers are probably okay. The following table shows the contribution of
each of the error sources: :

Values listed are the 1 sigma misalignment uncertainty
estimates between the listed spacecraft components

Around x-axis Around y and z-axes
CSM MU
1 min % min
CSM NAV BASE
10 10
CSM SPACECRAFT AXES
20 8
CSM DOCKING RING (OR INDEX)
15 L
LM DOCKING RING (OR INDEX)
5 4
IM NAV BASE L ,
2 2
IM IMU
RSS 14 min 28 min

If you RSS these values, we find the 1 sigma uncertainty arournd the y and
z-axes is about + degree and around the x-axis is about 3 degree. That is,
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The PGNCS alignment against the CSM IMU should be within better than 3/4
degree around the y and z-axes and 1~ degree around the x-axis If we

add to this the maximum gyro drift we are willing to tolerate (1.e., 1.5
degree per hour) for the 2 hours between alignments, we can obtain. the
largest tolerable gyro torquing angles beyond which we say the IMU is
broken. It seems to me then that 4 degrees should be that limit. However,
since we have no real experience with LM IMJ alignments of any sort this
number must be tempered by real time judgment and thus becomes more of a

guideline value than a limit.
QLLW»’C:.,«.&(A)\( uck

Howard W. Tindall, Jr. *

Addressees:

FC/E. F. Kranz
FC4/R. L. Carlton
FC5/W. E. Fenner

cc:
PA/G. M. Low
PD/A. Cohen
PD7/R. H. Kohrs
CF24/M. C. Contella
EG2/C. T. Hackler

C. F. Wasson
FA/C. C. Kraft, Jr.
FC/J. G. Renlck
Fck/J. B. Craven
FM/J. P. Mayer

C. R. Huss

D. H. Owen
FM13/R. P. Parten
M2/C. A. Graves
FM4/P. T. Pixley
FM5/R. E. Ernull
FM6/K. A. Young

R. W. Becker
FMT/R. O. Nobles
FM/Branch Chiefs
TRW/R. J. Boudreau

C. M. James
MIT/IL/M, W. Johnston, T-2T79

PA:HWTindall, Jr.:js
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Memorandum e s & s e

. FEB = 5 1569

69-FM61-47

: FM6/Chief, Orbital Mission Analysis Branch

SUBJECT: Comparison limits for rendezvous radar test on Apollo 9

Reference: Shannahan, Philip: Rendezvous radar checkout for Apollo 9,
OMAB Memorandum 69-FM62-38, Feb. 20, 1969.

The comparison limits for the rendezvous radar test on Apollo 9 were -
determined by OMAB and documented in the above reference. Recent studies
conducted by MIT/IL have pointed out an additional error source not con-
sidered in the OMAB analyses. This error source results from the compu-
tational inaccuracies in the Rendezvous Parameter Display Routine (R3l)
for range and range rate based upon- the vehicle state vectors. At the
very close range at which the radar test is being conducted (~0.6 n. mi.)
the computed range can be in error by 600 feet and the range rate by

2 fps. This information was relayed by Mr. Malcolm Johnston of MIT/IL
via a telephone conversation on Feb. 24. Inclusion of this error source
results in limits as follows:

Range comparison 1600 feet
Range rate comparison T fps

The revised limits have been relayed to Mr. R. Carlton of FCD and Mr. M.

Contella of FCSD.
Z L, ﬂa@e

Edgdr C. Llneberry

Distribution: FC5/C. B. Parker
mfg. Johnston C. E. Charlesworth
TRW/D. P. Johnson ‘ S. L. Davis
R. J. Boudreau W. E. Fenner
CF21/J. C. Callihan S. G. Bales
CF24/M. C. Contella _ E. L. Pavelka
P. C. Kramer : P. C. Shaffer
D. W. Lewis H. D. Reed
CF34/T. Guillory FM/J. P. Mayer
T. W. Holloway H. W.Tindall
CB/J. A. McDivitt C. R. Huss
R. L. Schweickart D. H. Owen
D. R. Scott R. P. Parten
FC5/G. S. Lunney Branch Chiefs
J. C. Bostick FM15/Editing
FC/B. Carlton M6/Section Heads
ECL:fc
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GSA FrMr (0 OFR) 01-11.8

UNITED STATES GOVERNMENT
M 3m07'andum NASA Manned Spacecraft Center

To  : See list attached DATE: February 26, 1969

69-PA-T-35A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: F/G Mirror Image Targeting shall use a three-minute delay

As you know, we have established as a standard procedure during Apollo
rendezvous having CSM backup IM maneuvers in order to retain the
nominal relative motion during this critical mission phase. On the D
mission these "mirror image" CSM maneuvers are targeted with .a TIG
delayed one mimute after the'IM TIG. One mimute was chosen based on
our estimate that it would be adequate for the crew to determine
whether or not the command module should go active and to take the
proper steps subsequent to that decision. Jobn Young - the F mission
CMP - was concerned that by using a one-minute delay he is forced to
turn on his SES trim gimbal motors for each of the mirror image maneuvers
. whether he has to execute the burn or not. Since there is no significant
disadvantage in meking the delay larger, we are changing it to three
mimites for the F and G missions in order to avoid having to turmn on
those motors unnecessarily. Henceforth, all F/G analyses, simlations,
procedures, and techniques will be based on that value.

P53 |

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:Jjs
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QPT\GNAL FORM NO. 10
MAY 102 EDITION
GSA FeMR (41 OPR) 101-11.8

UNITED STATES GOVERNMENT
M emorandum NASA Manned Spacecraft Center

TO : See list attached ‘ DATE: February 26, 1969
. 69-PA-T-36A
FROM ; PA/ Chief, Apollo Data Priority Coordination

SUBJECT: Review of the Launch Phase Abort Mission Technlques Document
for Missions F and G .

l. References:

MSC Internal Note No. S-PA-8T- 026 "Apollo Mission Techniques Saturn
V/Apollo Launch Phase Aborts, ’I\ecbnlques Descriptions," dated October

22, 1968.

/
2. A review of the subject document is scheduled for Marchg, 1969,
at 9 a.m. in Building h, Room 378. The purpose of this review is to
discuss launch phase abort techniques which have changed significantly
since the publication of the referenced techniques document, which had
been written specifically for C' and D. The following list defines the
ma jor revisions: i

a. Modification to the COI maneuver and expanded capability.
b. Use of a launch vehicle performance envelope for an abort cue.
c. Use of the exit heating limit as an abort limit.

d. Incorporation of the steerable LV mamal capability to the abort
techniques.

3. It is hoped that all groups associated with this area be represented
to expedite this review. Draft copies will be available at the meeting.

V/ORX
Howard W. Tindall, Jr.

FM3:EMHenderson:js
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UNITED STATES GOVERNMENT

M emora ndum NASA Manned Spacecraft Center

TO . See list attached DATE: February 27, 1969
69-PA-T-37A
FRoM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Some more trivia for tbg F mission

Thls memo is to pomt out a couple of overs1gbts in our F Mission
Techniqgues.

1l. With regard to docked DPS burns we should remember that the
IUMINARY program used on F is the same as the SUNDANCE program to be
used on D, which due to scaling problems or something barely recognizes
that the DPS is running when it is at only 10 percent thrust in the
docked configuration. Accordingly, it is necessary for the crew to
mamally advance the throttle to 4O percent thrust for awhile prior to
going to full thrust in order for the PGNCS to trim the DPS thrust
vector through the CG. (Note: IUMINARY 1A for G has been fixed so
that gimbal trimming will be done at 10 percent and the stopover at
4O percent is not required.)

2. During the planning of the special F mission landmark tracking
exercise just prior to TEI we forgot to include the CMC state vector
updating from the MCC-H once per rev. This is so obviously necessary
that it would certainly have been caught during the earliest simlations.
However, we might as well start including it in F mission documentation
now to be done at about the same time as the periodic P52 platform

realignments.
SN

Howard W. Tindall, Jr.

PA:HWTindell, Jr.:Js
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MAY 198 EDTTON
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UNITED STATES GOVERNMENT
M emard Mum NASA Manned Spacecraft Center

TO : FM/Technical Assistant, Mission Planning DATE: February 28, 1969
and Analysis Division 69-PA-T-39A

FROM ; PA/Chief, Apollo Data Priority Coordination
SUBJECT: Some MPAD work needed for the G mission

During the February 26th Data Select Mission Techniques meeting, Math
Physics Branch (MPB) picked up three action items for the G mission, of
which you should be aware.

l. Prior to DOI sextant data is used to determine the relative
location of the landing site with respect to the CSM orbital elements.
Based on this data the landing site coordinates will be changsd to
facilitste descent tergeting. However, it is clear that thers is a
limit beyond which we will be unwilling to change the landing site
coordinates from those established pre-mission btecause such a big change
would appear to indicate something is fouled up. Accordingly, we have
requested the MPB to determine the magnitude of the various error sources
which would contribute to this real time change in order that the flight
controllers can intelligently assess the situation in real time. 1In
addition to this they are also to recommend a lower bound - that is, a
"who cares" limit wherein the change is so trivial it should be ignored.

2. On the first pass after touchdown and on the last pass prior to
IM lift-off, the two spacecraft observe each other with optiecs and
rendezvous radar. As presently configured, the RTCC processes the IM
and CSM data independently. However, there are apparently techniques
for combining the solutions to get the best total solution. The MFB
was requested to analyse and document the techniques which should be
used in the processing of this data in real time. Incidentally, it is
to be noted that on both of these occasions this process should be aimed
at changing the orientation of the CSM orbital plane as opposed to moving
the IM position. That is, we will use our best estimate of the landing
site (RIS) as the fixed reference in establishing this relative situation
in preparation for ascent targeting and the CSM plane change.

3. MPB was also requested to re-examine the quality of the various
state vectors which could be used for targeting ILOI, - especially in the
out-of-plane direction. As I recall, when we were figuring the battle of
the two-stage LOI, the consensus was that our knowledge of the lunar orbital
plane based on the approach trajectory plus GNCS navigation through LOIl
was superior to the single pass MSFN solution after LOIl. As a result we
were recommending as a standard procedure that LOI, should always be tar-
geted as a completely in-plane maneuver basically because no new out-of-plane

, _ 25 &
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information was available prior to LOI, based on which we could do this
targeting. Obviously this must assume small G&N dispersions in the
execution of IOI . The question is - is that still the right way to go?
T accidentally discovered that the flight controllers were figuring on
using the post LOI, data to do out-of-plane targeting on 10I,.

Dave, if task assignments are' needed, will you make sure they are prepared?

I suspect this work is already covered.
W
l

Howard W. Tindall, Jr.

cC:
™/J. P. Mayer
FM2/F. V. Bennett
FM4/J. C. McPherson
E. R. Schiesser
FM6/E. C. Lineberry
FM13/R. P. Parten
J. R. Gurley
FC/C. E. Charlesworth
FC5/P. C. Shaffer ‘
TRW/R. J. Boudreau ,
MIT/M. W. Johnston, IL 7-279 -
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UNITED STATES GOVERNMENT
M 3m 07'a ndum ' NASA Manned Spacecraft Center

TO : See list attached DATE: February 28, 1969

69-PA-T-40A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: There will be no VHF ranging data collected while tracking the LM on
the lunar surface

It has been suggested that, in addition to optics and rendezvous radar
tracking one spacecraft of the other while the IM is on the lunar

surface, we should also utilize VHF ranging. This data would certainly

be useful for post-flight analysis if not in real time. I have attempted
to resolve the situation with regard to obtaining this data and have come
to the conclusion that it is too late to get it, as unfortunate as that may
be. The basic problem is in the formulation of the RTCC program. And, the

program changes required appear to be too large for obtaining data which at
best mist be labeled "desirable."

Through the years our plans for CSM tracking of the IM while on the lunar
surface have all been based on just using the sextant. Obviously, we
intended to use the Lunar Orbital Navigation program (P22), which not

only provides automatic optiecs tracking but also complies the desired
optical data, time tags, spacecraft attitude and landmark I.D. in a special
downlist package for transmission to the MCC-H. The RTCC programs have been
formilated to accept this data in that format and process it in real time.

First indications are that the spacecraft Rendezvous Navigation program
(P20) would serve the crew as well as P22 for tracking the IM on the lunar
surface with regard to automatic optics, and would have the additional
advantage of including VHF ranging data on the downlist. Unfortunately,
though, the P20 downlist format is substantially different than the P22
downlist and would require rather extensive changes in the RTCC program.

For example, the sextant data is not stored in a batch of five observations
as in P22 but would have to be stripped out one at a time as the observa-
tions are obtained. This could easily cause us to miss some points. But
more important, the RTCC would have to be coded to store them for processing.
Finally, it is to be noted that P20 only collects a VHF data point once per
minute - almost not worth the effort! Implicit in the above is that VHF
telemetry via the CMC is the only source; raw VHF does not come down directly.

In summary, we are abandoning efforts to get VHF for the G flight. It may
be worthwhile to put in a PCR to add VHF sampling to the P22 program and
its downlist at a reasonable data rate. Jim McPherson - would you take the
action on this, if it seems reasonable to you?

Howard W. Tindall, Jr.
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MAY 192 EDITYON
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UNITED STATES GOVERNMENT

M 87720 7'andum NASA Manned Spacecraft Center

TO : See list attached A DATE: March T, 1969
' 69-PA-T-L2A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJtcr: G Lunar Surface stuff is still incomplete

On February 27 we held a Mission Techniques meeting which I thought was
going to simply edit the "final" version of the Lumar Surface Document
prior to its release. To my chagrin we discovered that there are at
least two areas requiring much more thought and analysis. We will
probably meet again to resolve these during the last week of March. The
release of the Mission Techniques Document will have to be delayed
accordingly.

Before delving into these major items, there are a couple of other

things I would like to mention. The first may seem trivial. It deals

with terminology - specifically, use of the expression "go/no go" regard-
ing the decision whether to stay or abort immediately after landing on

the lunar surface. ZEvery time we talk about this acitivity we have to
redefine which we mean by "go" and "no go." That is - confusion inevitably
arises since "go" means to "stay" and "no go" means to "abort" or "go."
Accordingly, we are suggestlng that the terminology for this particular
decision be changed from go/no go" to "stay/no stay" or something like
that. Just call me "Aunt Emma.’

Last summer GAEC honored us with their presence at one of our meetings

and to celebrate the occasion we give them an action item. We asked them
how to make the tilt-over decision and to establish the attitude and rate
limits for aborting. We haven't heard from them since, on that or amything
else except RCS plume impingement. Don't worry, we still have four months
to figure out how to do it.

I would like to emphasize that we do not want to trim residuals following
the CSM plane change maneuver. It is recognized that they may be rather
large since it is the first SPS undocked burn, but we would rather take
them into account by adgustlng the ascent targetlng than by spending CSM
RCS propellant.

Another thing we realized about the CSM was that we had not definitively
established the attitude the CSM should maintain during LM ascent nor
whether it was necessary for the MCC-H to compute the associated IMU gimbal
angles.

' /
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Our biggest problem in this mission phase deals with platform alignments.
Specifically, we are still not sure what sequence of alignment options
should be used, although, I think everyone agrees we should use a gravity
alignment for the actual ascent. The basic problem seems to stem from a
lack of understanding of just how the IM Lunar Surface Program (P5T7)’
actually works and, in each case, what the torquing angles really indicate.
Of course, the thing we are primarily interested in accomplishing is to
evaluate the performance - that is, the drift of the IMJ - ir order to
decide if it is working, if we should align the AGS to the PGNCS, if we
should update the IMU compensation parameters, if we should lift-off on
the PGNCS or the AGS, etc. Prior to our meeting at the end of March, TRW
will write out in detail how they think the system actually works along with
a description of how we should use it. Guidance and Control Division may
do the same. Then, we will all get together with MIT to see if we can get
this thing straighten out and cleared up. -

Finally, our other big problem has to do with how we should handle the

IM location on the moon (RLS) and the CSM state vector, particularly
during the first two hours on the lunar surface in preparation for the
countdown demonstration and, if necessary, ascent at the end of the first
CSM revolution. The point is we will have all the data needed to determine
the IM's location but we do not want to change it in the various computers
(16C, cMC, RTCC) unless we can maintain a consistant CSM state vector, too.
And, it is not at all clear how we can do all that. This subject becomes
another major item on the agenda of the "ides of March" meeting.

2 I e
\AA
Howard W. Tindall, Jr.
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See list attached , DATE: March 14, 1969

69-PA-T-lla
Pa/Chief, Apollo Data Priority Coordination

Happiness is baving plenty of hydrogen

As T understand it, there has been a desire or requirement to have the
capability of surviving a cryo-tank failure at any time in the lunar
mission. After C', it was decided to keep the IMIJ powered up through-

out all lunar missions even though it might be at the cost of having the
backup cryos. However, according to a recent anmalysis by MPAD's Guidance
and Performance Branch (R. C. Wadle, W. Scott, and D. A. Nelson), these

two characteristics are not incompatible. Since this is quite different
from what I have heard in the past, I thought you might find it interesting,
too.

According to Wadle, Scott, and Nelson, it is possible to operate with the
platform powered up and even if one tank fails as late as TEI, there is

still enough hydrogen left in the other tank to provide a four day return-
to-earth in a powered-down state. (Hydrogen is the most critical consum-
able.) The powered-down state still provides for commnications; essentially
it consists of just taking the guidance system and one fuel cell off the

line and turning off non-essential equipment.

P

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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M emora ndum _ NASA Manned Spacecraft Center

TO : See list attached ’ DATE: March 12, 1969
69-PA-T-U5A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Simplification to the pre-FPDI abort procedure

As a result of a passing comment in one of my previous notes, Tommy
Gibson and George Cherry looked into what it would take to provide
automatic PGNCS targeting for IM aborts at initiation of powered
descent (PDI). They found the capability already exists in the
LUMINARY program. How's that for great!

The situation I am discussing is when the need for abort is recognized
after DOI and before PDI on a lunar landing mission. The ideal proce-
dure, of course, is for the. LM to make a maneuver at about PDI time
which will set up a nominal rendezvous sequence with CSI 2 rev later.
This is exactly what the DPS and APS abort programs (PTO and PT1) do
automatically, but it was thought these programs could only be used if
powered descent was actually started and we certainly didn't want to
start powered descent - a retrograde maneuver when the abort maneuver
mst be posigrade. That would make it necessary to execute a large
attitude change while thrusting. It turns out that the crew may obtain
automatic targeting for an abort maneuver by proceeding into the descent
program (P63) just as if intending to land, except that he mist maneuver
the spacecraft manually into the posigrade abort direction prior to FDI
time. He actually starts the DPS burn in P63 but since P63 does not
start descent guidance until the engine is throttled up, it will auto-
matically maintain the abort attitude the crew has established. After
achieving engine stability at about TIG plus five seconds, the crew

can press the Abort button which will automatically call up the DPS Abort
program (P7T0) to compute the abort maneuver targets, immediately throttle
up to full thrust, and control the burn.

This certainly seems like a ;straightforward procedure, completely con-

sistent with standard descent procedures, and aborts immediately after

PDI. I think we should establish this as our primary abort technique

for this mission period. :

Great work, Tom and George.. Keep tGhi:lj and I predict you'll go places.
Howard W. Tindall, Jr.

PA:HWTindall, Jr.:Jjs
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UNITED STATES GOVERNMENT
Memorandum

See list attached DATE: ADpril 1, 1969
69-PA-T-52A

NASA Manned Spacecraft Center

PA/Chief, Apollo Data Priority Ccordination
PGNCS operations while on the lunar surface

During our March 27 ILunar Surface Mission Techniques meeting I
think we finally settled how we think the PGNCS should be operated.
How many times have I said that before? This memo is to broadcast
a few new items that might be of general interest.

MIT has recently made a significant change in the PGNCS lunmar surface
alignment program (P57). They have added a new alternmative governing
the orientation to which the IMU can be aligned. Specifically, before
this change there were only two alternatives - a "preferred" align-
ment associated with lift-off time computed by the LGC and an align-
ment to a REFSMMAT uplinked from the Mission Control Center. The

new alternative provides the capability of an alignment to the stored
REFSMMAT - that is, the same REFSMMAT to.which the IMU was aligned
the last time. This program change significantly simplifies crew
procedures and since it will be used several times during the lumar
stay you should be aware of it.

We have finally converged on the sequence of P57 options to be used
on the lunmar surface. They are described in considerable detail in
the attachment. Briefly the sequence is:

a. A gravity alignment (Option 1) to determine the direction of
the gravity vector.

b. An AOT star aligonment (Option 2) to establish an inertial
reference which can be used with the gravity vector to determine the
IM's position on the lunar surface. This alignment will also provide
a drift check on the IMU since the pre-DOI AOT star alignment.

Cc. A gravity and star alignment (Option 3) in preparation for
lift-off at the end of two hours stay, if that is necessary, and to
initialize the system for a sustained IMU drift check.

d. Two Option 3's in the nominal ascent countdown. The first,
which completes the drift check, also sets up the system for the
rendezvous radar tracking of the command module two hours before the
lift-off. The second supports the Ascent itself.
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This sequence not only provides all of the data needed to support the
actual operation but also exercises all of the options which makes -the
engineers happy. The consensus was that we have trimmed this activity
just about to a minimum and 1t should be fairly easy to include in the
crew timeline. - . oo

Flight Dynamics' flight controllers were requested to select the stars
to be used for the lunar surface alignment on the nominal G mission
as soon as possible.

It is our understanding and recommendation that the IMJ will remain
powered up -throughout the lunar stay. We should emphasize that it

is also necessary that the LGC remain powered up as in order to main-
tain gyro compensation in the IMU as well as to provide the downlink
data continuously to the Mission Control Center. Apparently there
was’ sone uncertalnty about this. : - -

After“con51derab1e dlscuss1on it was decided ‘that our best course of
action is to update both the LM position on the lumar surface (RLS)

and command module state vector in the LGC during the first two hours

on the lunar surface to support an ascent at that time, if it is
necessary. The RIS will be based on the AOT alignment and’ gravity
vector data as well as crew observations during the landing and perhaps
on data gathered prior to DOI. (The exact.manner in which .the Mission
Control Center will do this job-is the subject of a meeting next week.)
The CSM state vector will be the best MSFN estimate at the time of the
update. This is such an obvious choice you must wonder how we wasted
our time. The only point we were concerned with was making sure that

the RLS and CSM vectors were compatible enough to support ascent guidance
at the end of a two hour stay. We feel that this technique will probably
provide that, but we may want to reconsider after obtaining F mission
experience. : :

In addition to the Data Select business noted above about how to establish
RIS, we are also scheduling:a meeting specifically to discuss the AGS
operation on the lunar surface next week. After incorporating the '
results of those meetings into the Mission Techniques Document  for

Lunar Surface Operation, we will review and finally publish that docu-
ment a couple of weeks later. Hopefully, at that time thls mission

phase should be fairly well closed out.

A Nadany,

Howard W. Tindall, Jr.

Enclosure

PA:HAWTindall, Jr.:Jjs
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IM IMU ALIGNMENT SEQUENCE

Pre-undock - align to Mission Control Center REFSMMAT
Pre-DOI - P52 AOT align to REFSMMAT (stored)

Post Touchdown

a. Option 1 to REFSMMAT to obtain the g vector

Do not torque the IMU - specifically, the crew should recycle
(V3ZE) out of the program at the VO6N93 torquing angle display

b. Option 2% to REFSMMAT - to obtain IMU drift since pre-DOI align-
ment. Given the g vector of Option 1 this supplies all data
required for LM position determination on the lunar surface
both onboard and at the Mission Control Center.

c. Update RLS and CSM state vector in the LGC based on best
sources of data available -~ no attempt is made to make these
"consistent."

Touchdown plus 1% hr to prepare for RR track or lift-off after
first CSM rev.

Option 3% to landing site - using updated lift-off time from

the Mission Control Center.

During lunar stay (about 19 hours duration) monitor CDU angles
continuously at the Mission Control Center.

Lift-off - 25 hours

Option 3% to REFSMMAT to obtain drift and to align for RR tracking.
Update CSM state vector in IGC. Optional update of RIS.
Lift-off - 45 minutes

Option 3% to landing site for Ascent.

¥(a) 1If attempt at Option 2 fails because stars are not visible,
replace with Option 3 using sun or earth if possible.

(b) If attempts at Option 3 fail (even with sun or earth) replace
with Option 1l's.

Note: Unset REFSMMAT flag before #6 above if using Option 1
to eliminate drift effect over long lunar stay.
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Some G Mission Techniques action items

This mexo is just a list of action items assigned. to MPAD and/or
MIT which I remember coming from our recent G descent/descent abort
meetings. In addition to reminding those responsible for them, they
serve as some sort of indication of what's going on in this tusiness
which you might find interesting.

l. Orbital Mission Analysis Branch

a. Establish a preferred rendezvous maneuver sequence to
guard against lunar impact in the event of late r.escent aborzs on
the AGS. This includes a recommeridation on Z&V srimming at Insertion,
too.

b. Determine if an umacceptable abort s’ituation would exist
if PDI were delayed one rev ;n rezl time. ’

2. Math Physics Branch |

a. Determine how the flight controllers should decice when to
apply the altitude bias update to the Lear Processor Display of H vs.
H. Is there some way to take into account the krown lumar s:rface slope?
Specifically, find out from the mappinrg people wiat the exac: slope is
for the landing sites.

b. Determine the effect of non-synchronization cf tiie data
sources when updating the Lear altitude from PGNCS.

3. Landing Analysis Branch

a. Establish a technique for testing anc determinin. sccepts-
bility of the LGC LM state vector pre-PDI. Also, reccmmend the action -
that 1s, under what conditions they should abort, update the swate vector,
advise crew of large Z&H, or what?

b. There is a PDI attitude burn check miade at TIG - Z mimates,
referenced to the horizon. Determine how accurately a pre-iight value
m2y be established and thus if it is necessary to urpdate tai; test iz
real time. Also, ascertain if the sun will interfere with tuis test.
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c. Is there some way to monitor the PGNCS to determine failure
of the.P63/P6h program change to occur when it should have by using the
V, H, H DSKY displays? I would like to avoid having to call up Teo-
Also, establish what course of action the crew should take if' they fail
to get the program change.

L. Guidance and Performance Branch

Establish strip chart limit lines defining AGS perfoimance in
terms of acceptable, marginal, and failed. Simiiar limits axe also
required for the telemetry comparison display.

5. Landing Analysis Branch and Math Physics Branch

Determine if and how the descent targeting must be u-dated in
the event PDI is delayed one rev in real time afver DOI.

6. Guidance and Performance Branch and MIT

Establish abort limits for the stfip charts beyond waich impend-
ing failure of the PGNCS should be considered imminent.

T. Landing Analysis Branch, G&CD, and MIT

a. Establish attitude error and attitude rate limits; to be used
by the crew during descent and recommended action if violate:l.

b. Establish what constitutes adequate landing radar data. Speci-
fically, what should be used as a measure of this:

(1) The amount obtained and when it was ottained.
(2) ZSH from the strip chart at the time of lariing radar loss.

(3) Others? -
. ' *_.. N
Giz<§Z€AéL‘l N %ys\
Howard W. Tindalli, Jr.

FM/C. R. Huss

Addressees:
PA/G. M. Low

FA/C. C. Kraft, Jr.
Fc/C. E. Charlesworth
FCu4/R. L. Carlton
FCLk/J. B. Craven
FC55/J. E. Greene
FC56/S. G. Bales
FM/J. P. Mayer
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.RLS Determination

On April 2 we had a Mission Techniques meeting to discuss how we
should handle the determination of the IM's position on the lunar
surface (RLS). Specifically, we were concerned with how to deter-
mine its values and, after improved values are determined, when they
should be loaded into the spacecraft computer. One obvious conclu-
sion, if anything can be called obvious coming from this discussion,
is that we have many excellent data sources for determining RLS, each
of which is estimated to be of a quality mch better than we need to
support the operation.

"RIS" is actually the IM position vector on the lumar surface consist-
ing of three components. It is moon fixed - that is, rotates with
the moon - and is simply the latitude, longitude, and radial distance
of the IM from the moon's center.

Prior to landing it is necessary to establish the values of RIS to be
used in Descent targeting. For the first lunar landing, where the F
mission will have thoroughly surveyed the landing site, the consensus
is that we should use the RIS determined on the F mission and .only use
in-flight mission G measurements as a system check similar to the
horizon check made before retrofire. For landings at sites which have
not been surveyed previously, the RIS mmst be determined in real time
based on the MSFN/sextant tracking done pre-DOI. The Math Physics
Branch (MPB) of MPAD proposes that this be handled in the following
way and I think everyome finally agreed it was logical, at least pend-
ing results of the F mission:

a. The CSM/LM state vectors will be a so-called single pass MSFN
solution based solely on data obtained during the sextant tracking
pass. Orientation of the orbital plane of this solution will be con-
strained by the pre-LOI plane plus confirmed maneuvers. (In fact, MPB
proposed that we use this technique throughout lunar orbit from LOI
through TEI. Data Select and MPB people have the task of establishing
the technique for monitoring rev by rev single pass solutions with the
orbital plane unconstrained to confirm that the pre-IOI value falls
within the scatter of these determinations and of establishing the
limits beyond which they would abandon the pre-LOI plane orientation.)
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b. Having established the CSM state vector as described in "a,"
the sextant tracking data is given full weight in the determination
of RIS. That is, the landing site location will be based entirely
on the sextant data determination of its position relative to the CSM
state vector. - But I would like to iterate that this RIS determination
is only used as a system check for a surveyed site such as planned on
the nominal mission.

After landing we have five good data sources for determining various
components of RLS. (MPB has the task of establishing their relative
accuracy.) We have decided to put off figuring out how we will actually
use them in real time until after the F mission since it is anticipated
that it will impact our choice tremendously. The various data sources
are as follows:

a. The crew observations made during descent and -after landing
referenced to onboard maps - This is simply a matter of the crew
informing the ground of where they think they landed in terms of
longitude and latitude based on their visual observations. In addition
to relaying latitude and longitude, they should also express an opinion
of how certain they are about where they are. '

- -b.. The position is determined by use of star observations and the
gravity vector data obtained during the first IMJ alignments on the
lunar surface. This data will be processed both onboard the space-
craft-and at Mission-Control Center. It is also only capable of
determining latitude and longitude - not radius.

. ¢. The Iear powered flight processor which uses MSFN ‘doppler
data during descent 1is expected to have outstanding accuracy in deter-
ming the change in LM position from PDI to touchdown, provided we do
not encounter sustained periods- of data dropout. The problem in
determining IM position on the lunar surface with this data, of course,
depends on the accuracy of our knowledge of the LM position at PDI to
which we will add the position change measured by Lear. According to
MPB it is possible to obtain a very accurate estimate of IM position at
PDI using a MSFN short arc solution with the orbital plane constrained
as discussed previously. (They emphasized, however, that the short
arc solution is only accurate in the determination of position - not
velocity - and would only be obtained during post-landing processing
of tracking data obtained on the IM between AOS and PDI.) RIS then
is found by determining the IM position at PDI using the short arc
solution and manually adding to it the change in latitude, longitude,
and altitude as measured by the Lear Processor during powered descent.
Note that this yields all three components of RLS.
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.. ~d. PGNCS telemetry data may be used in a similar manner to the

.Lear Processor. That is, by taking the PGNCS estimate of position at
PDI and at landing we are able to determine its measurement of change
in latitude and longitude during descent. . They may also be added to
the short arc solution described above to get RLS. It is to be
emphasized, however, that PGNCS acceptance of landing radar destroys
_the capability of determlnlng the -change .in altltude as_measured by
.Athe PGNCS. S :

T e.. We can do the same thlng with the AGS state vectors as :
described for.the PGNCS. Again, since altitude updates are currently
planned during descent, only latitude and longitude can be obtained.

The question now is which of these sources do we use?

a. For RIS radius our preferred source is the pre-flight

. determined value if we land at a ‘'surveyed site. If not a surveyed
s:.te we would either use the radius determined by the MSFN/sextant
observatlon obtained pre-DOI or from the Iear Processor plus short
arc solutions. These two sources are currently estimated to be
roughly equivalent.

b. For latitude and longitude all of the sources noted above
(i.e., crew/map, AOT/g, Lear, PGNCS, and AGS) are all considered
competitive and their priority mist await F experience. It should
be noted that Lear, PGNCS, and AGS are not completely independent-
in that they are all initialized from the same source.

Flight Dypnamics, Data Select, and MPB people were given the task

of establishing the precise technique for obtaining the Lear, PGNCS,
and AGS solutions for RLS latitude and longitude. This is not some-
thing that falls automatically out of the RTCC but will require a
considerable amount of manipulation of many different state vectors
stored in it and a bunch of manual (simple) computations.

You will note that all of the above data sources are available within

an hour after landing and, as far as we are concerned, should provide
all of the data ever needed to carry out the operation. However, we
have currently planned to obtain rendezvous radar and sextant tracking
of each spacecraft by the other, both two hours after touchdown and

two hours before lift-off. Based on our discussions at this time, the
consensus is that this tracking is by no means mandatory. In particular,
if rendezvous radar tracking by the LM becomes even slightly problematic,
it can easily be dropped. For example, if it conflicts with other crew
activity, uses too mch IM power, presents thermal problems, or wears
out the rendezvous radar we can eliminate it from the timeline. Of
course, if in real time our other data sources get noodled up in some
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way, it would have to be added back in at that time. In fact, I should
emphasize that we are not proposing that it be dropped from the timeline,
but rather that it could be dropped if necessary - so can the sextant
tracking for that matter, although no reason for dropping it occurred

to us. :

In summry, we have many excellent data sources for RIS determination.
How we will use them will be established after the F mission. Rendezvous
radar tracking by the LM on the lunar surface is no longer a requirement.
And, a couple of new MSFN facts are that a short arc solution yields a
good position vector and it is proposed that the pre-I0I determined
orbital plane plus confirmed maneuvers be used throughout the lnnar

orbit activity.
Howard W. Tn.ndall Jr. M )

PA:HWTindall, Jr.:js
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SUBJECT: AGS alignments in lunar orbit and operations on the lunmar surface

On April 2 we finally got around to establishing how to operate the
AGS on the lunar landing mission. The two basic subjects for dis-
cussion were how to handle CDU transient problems when aligning the
AGS to the PGNCS in lunar orbit and how to operate the AGS in total
while on the lunar surface. S ' '

I am certainly no authority on CDU transients and only attempt

the following brief description so that the rest of the memo will
make some sense to you. If you are interested in what CDU transients
really are, I recommend that you find an authority on them. There
are lots of 'em - and as many versions. As you know, the AGS uses

the PGNCS as the primary reference in its alignments. As I under-
stand it, CDU transients have’ something bad to do with the electronics
in the PGNCS which are used to generate the data transmitted to the
AGS which the AGS uses in its alignments. Unless certain precautions
are taken, CDU transients can occur and are not ordinarily obvious

to the crew. I gather that they can result in errors in the AGS
alignments of up to l% degrees or so. During much of the operation
even the largest misalignment errors would not particularly concern
us. On other occasions, such as during descent, they would essentially
disable the AGS as a useful guidance and control system.

I will go through each of the AGS aii'gnménts:

a. LM Activation before Undocking_

The command module should be used to orient the spacecraft
to a so-called AGS calibration attitude which is essentially just
displacing all three spacecraft axes at least 11% degrees away from
zero or mltiples of 45 degrees from the IMJ principle axes. This
action, it is said, will permit the '‘AGS alignment and calibration
to be carried out free of CDU transients. :

b. Pre-DOI after Undocking

The AGS is aligned to the PGNCS after its AOT alignment in
preparation of DOI. Since AGS alignment errors do not create a problem
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but are more of an annoyance in the AGS monitoring of the DOI burn, no
precautions will be taken to avoid CDU transients.

c. Pre-PDI

This alignment in preparation for descent is most critical.
The AGS must be aligned accurately and, in order to minimize drift, it
must be aligned to the PGNCS very late before PDI. The choices here
were to add special crew procedures into an already crowded timeline
to avoid CDU transients vs. taking no precautions against their occur-
ring, but being prepared to redo the alignment if the MCC detects a
CDU transient alignment error has occurred. Either of these two
approaches were considered acceptable and are almost a toss-up. It
was finally decided to avoid the special procedures and to take a
chance on the transient. If the MCC determines that a CDU transient
has occurred, the crew will be informed within 30 seconds and they must
then rezero the CDU's and repeat the alignment. This procedure is felt
to be simpler for the crew and, in particular, it avoids attitude
maneuvers which are part of the CDU transient avoidance procedure.

d. Post-Insertion Alignments

After insertion into orbit the AGS should then be aligned to
the PGNCS. Again in this non-critical period it was decided to take
a chance on a CDU transient occurring, particularly since this align-
ment is carried out within sight of the earth and the MCC is in a
position to advise the crew if a realignment is necessary.

Attached to this memo is a detailed sequential list of AGS options on
the lunar surface at each step of which it is assumed the PGNCS is
still operational. In other words, it is the nominal sequence. If
the PGNCS becomes broken on the lunar surface, different and more
extensive operations will be required, which we have yet to define.
In the development of the attached sequences, some items of interest
and action items popped out which I would like to add here.

a. Whenever RIS is updated in the PGNCS, it should be standard
procedure to update the AGS lunar launch site radius (Address 231).
This update will be based on a voice relay from the MCC of the value
to be input via the AGS DEDA by the crew.

b. With regard to CDU transients during AGS alignments on the
lunar surface, it was decided that we would rely on the MCC to
monitor and advise the crew if a CDU transient has occurred. That
is, the crew would follow no special procedure to determine if one had
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occurred except in the case of no commnication.

c. Guidance and Control Division and TRW were requested to advise
what timetag should be associated with the CSM state vector voiced to
the crew for input into the AGS in the event the PGNCS has failed.

d. MPAD was asked to determine if it is acceptable to input state
vectors into the AGS 15 minutes or more prior to PDI. The question here
really is whether or not the AGS mumerical integration causes unacceptable
state vector errors for descent aborts if the state vectors are loaded
too early. .Early loading, of course, is desirable to reduce crew
activity Jjust before PDI.

All of this AGS jazz will be added to the Lunar Surface Mission Techniques
Document. I think it's the last chunk. We will review the whole subject
of lunar surface activity next week and then can forget it - I hope.

Howard W. Thndall Jr.
Enclosure

PA:BHWTindall, Jr.:js
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Some things about Ascent from.the moon

On April 3 we had an Ascent Mission Techniques meeting - the first
in a long time. This memo is mostly to express some rather general
observations. a

I guess we all recognize that Ascent is really different from most
other maneuvers in an Apollo lunar landing mission. It is one in
which fairly small dispersions in the guidance can create an unsafe
situation either by setting up an imminent lunar impact or poor
conditions for carrying out the subsequent rendezvous, or by running
the APS out of propellent. Accordingly, special efforts have been
spent in trying to set up techniques for monitoring and detecting
dispersions of this type onboard the spacecraft so that the crew

can switch over from the PGNCS to the AGS in hopes of correcting the
degrading situation. Of course, in a case of an obvious failure
like the platform turmed upside down, or something, the crew should
have no problem in knowing they should switchover. However, I am
confident that they will not be able to detect insidious, slow drift
malfunctions of a magnitude, which could be catastrophic, in time to
save the mission. The techniques which have been proposed for this
are not sure-fire, even if executed to perfection. And, they are so
complex that I seriously doubt the crew, with their limited training,
would ever learn to use them with enough confidence that they would
switchover from the PGNCS to the AGS even when it was necessary. If
my assumptions are correct, then it seems we must recognize that the
ground is not only prime for detecting and advising the crew of slow

drift malfunctions but, in fact, MCC is virtually the only source for

this. This in turns means that if the MCC loses hi-gain S-band telemetry

-there will be no drift malfunction monitoring carried out and we will

simply have to trust that the PGNCS is working. Off-hand, that does
not strike me as an unacceptable situation since we only get in trouble
if commnications are lost AND the PGNCS fails insidiously.

Another thing we must face up to is that we do not have a mamal
backup for Ascent Guidance and Control. TUnlike the rendezvous, where
crew charts provide an excellent capability to press on in spite of
guidance system failures, no such capability exists for backing up
Ascent. It is true that techniques have been studied and proposed,
some of which might possibly work. However, the fact is that we do
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not have a workable technique in hand today, and even if we did, it
certainly could not be considered operational unless the crew were
thoroughly trained in its use. And, that they certainly will not be.
Here again, this situation strikes me as no worse than "unfortunate."

So much for general observations. Following are a few specific items
coming from our discussion:

a. I would like to re-emphasize that like most other maneuvers in
the Apollo mission, lift-off must occur on time. We are not planning
for some sort of launch window. Accordingly, if in counting down to
Ascent TIG the crew falls behind for some reason, the lift-off should
be delayed one CSM rev and the trouble that caused the tardiness should
be cleaned up. For example - one test for determining whether it is
possible to lift-off or not is the PGNCS alarm coming on at about TIG
-40 seconds, indicating average g will not be turned on at the right
time and the PGNCS will not be ready for lift-off.

b. In the event the PGNCS displays a ZSV Thrust Monitor Alarm
after the APS engine actually comes on, the crew should stick with
the PGNCS which should be holding attitude until they have determined
that the PGNCS is not going to control the spacecraft properly such
as yawing it to the proper launch azimth and pitching over as programmed.
When these various cues have all confirmed lack of PGNCS guidance, the
crew should switchover to the AGS without attempting to recycle the
PGNCS first. Of course, before switching over to the AGS they should
ascertain that it is working better than the PGNCS. To do this we
recommend that the nominal display for initial ascent on the AGS DEDA
should be altitude rate (H). Following switchover, recycle attempts
should be made to clear up the [SV monitor alarm in an attempt to get
the PGNCS back on the air.

c. In order to provide redundancy for the "Engine On" signal,
procedures call for mamually pushing the "Engine Start" switch. It
is to be emphasized, however, that this should be done only after the
crew determines that the LGC "Engine On" command has caused the engine
to start. We do not want to lift-off if the PGNCS is not issuing commands.
Of course, in order to get an automatic guidance engine cutoff at inser-
tion, this manual Engine Start signal must be removed. The procedure
calls for doing this when the velocity remaining to be gained is about
200 fps (i.e., about 10 seconds to go). Immediately preceding setting
the "Engine Arm" to "off" the interconnect should be closed. If remov-
ing the "Engine Arm" does turn off the engine, the crew should use the
same switch to turn it back on. Of course, they will then have to stop
the engine again when the velocity displayed by the PGNCS reaches nominal.



d. We have no procedure for monitoring and backing up the PGNCS
"Engine Off" command like those used for TLI, LOI, DOI, and TEI. Due
to RCS attitude control activity during Ascent, the burn time can vary
as much as 20 seconds from nominal, which makes that a useless parameter
for this purpose. The AGS and the rendezvous radar range rate are
potential candidates, but it was finally decided that rather than
adopt some complex voting logic involving those systems, the best
technique was to simply utilize the ground monitoring to determine
which system should be used to control the Ascent Guidance and to use
whichever system is guiding as the sole cue for APS cutoff. That is,
as long as we are riding the PGNCS, let it do the job and back it up
manually only if it indicates the spacecraft has exceeded the desired
velocity. If a switchover to AGS has occurred, then use the AGS as
the sole source. It seems to us that, since this maneuver is always
in sight of the ground, a procedure like this is acceptable. Of course,

it depends on not losing telemetry.

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:Jjs
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Descent monitoring at MCC

We have reached a plateau in our work on Descent Monitoring, perhaps
making it worthwhile to send out this memo. First of all, I don't
think there is any question that Descent is the thing that requires
most of our attention between now and the G mission, at least in the
empire of Mission Techniques. There are still a lot of things to do
and so starting about a month ago we have been having one full day
meeting per week, which will probably continue for another month. I
think we have pretty well established what the MCC has to do and how
they do it during Descent. That's really the subject of this memo.
Our job is to work over the onboard techniques and integrate them
with the ground monitoring to make sure everything is complete and
consistent.

After considerable discussion, we have established that the ground's
Jjob during Descent is to attempt to do the following things %:10’6
necessarily in order of importance!):

a. Detect DPS malfunctions and excessive RCS plume impingement.

b. Predict that adequate propellent margins are available to
permit landing.

c. Detect impending PGNCS failures.
d. Make sure PGNCS guidance is not diverging.

e. Make sure trajectory constraints of some sort or other are
not being violated.

As far as we can tell, all of the necessary telemetry and tracking
data programs have been identified and are being implemented in the
RTCC; all necessary display formats have also been provided in the
MCC. There are a couple of items associated with this which I would
like to mention:

: See list attached DATE: April 10, 1969

a. We are on the verge of assuming that RCS plume impingement is a

honest-to-God constraint which must not be violated. Choke! The IM

systems guys have a display which processes telemetry data yielding the
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cumlative plume impingement from each of the downward firing jets. They
subtract this from the value GAEC has established as the total allowed
duration and display the results. That is, it is a display of permissible
time remaining. It is proposed that when this parameter reaches zero,
indicating we have violated the plume impingement constraint, they will
recommend that the crew "Abort Stage” out of there!!!

. b. Another interesting computation and display that the CSM people
have provided themselves is a prediction of DPS propellent margin at
touchdown. This is an especially sophisticated processor which utilizes
a number of PGNCS guidance mrameters obtained by telemetry to predict
the amount of DPS propellant required to.fly the remainder of the descent
trajectory. They subtract this propellent requirement from the measured
propellant still remaining obtained from telemetry data, to obtain the
predicted margin at touchdown. This parameter is plotted vs. horizontal
velocity on an analog display. It is proposed that if the prediction
of propellant crosses "zero," the crew should be advised to "Abort."

It has been stated there is no question, when this prediction reaches
zero, that propellent depletion will occur before landing and so abort-
ing is the thing to do. It is not safe to assume the converse - that
is, it does not always accurately predict that sufficient propellant

is available to complete the Descent. We're going to check this program
thoroughly to see if it really does that.

c. Impending PGNCS failure will be detected from strip charts dis-
playing guidance system differences, very much the same as during the
launch phase. That is, differences between the AGS and PGNCS and differ-
ences between MSFN and PGNCS will be displayed on the strip charts. Abort
limit lines will be provided upon which that action will be recommended.
Other displays are used in conjunction with these strip charts to positively
ascertain that the PGNCS is the errant system.

d. There was a somewhat surprising outcome from ocur discussion of
trajectory constraints. Unlike launch, we were basically unable to find
any "hard" descent trajectory constraints with a possible exception of
the APS abort line (previously eallouslyreferenced as the "Dead Man"
curve). That is, there appears to be no reason we could identify which
would prevent the IM from flying all over the sky, if that is what you
call it at the moon. As a result, it seems as though we have two options-
either provide no trajectory abort limits or altermatively select dispersion
limits (for example, 3 sigma, 6 sigma, or 9 sigma) beyond which we will
arbitrarily not allow the trajectory to diverge from nominal. This cur-
rently is my personal preference, mostly based on intuition and no data.
There is by no means a general agreement on that yet.

Howard W. Tindall, J:

And that's our plateau.

PA:HWTindall, Jr.:Jjs
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TO : See list attached DATE: April 15, 1969

| 69-PA-T-61A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Let's drop one of the lumar surface RR tests

During our review of the G Mission Lunar Surface Mission Techniques
Document on April 10, we came to a conclusion which may interest you.
It deals with the need, or really lack of need, for the crew to do
some things that are in the current flight plan. Specifically, in
the crew IM timeline, we have included two periods of IM rendezvous
radar tracking of the command module -~ the first is two hours after
landing and the second is two hours before lift-off. Neither of
these periods are really needed although it may be interesting to

try it once. On the other hand, it does require crew activity, uses
electrical power, wears out the radar, and so forth and may even
place a constraint on command module attitude during his sextant
tracking of the IM. It was our conclusion that at least one of these
periods of tracking should be eliminated and we are recommending that
it be the first. The reason for deleting the first is that it
interferes with the crew countdown demonstration (CDDT) for ascent,
which is synchronized with the first CSM passage over the ILM. If

the crew were to perform rendezvous radar tracking, the CDDT would
have to be terminated about 15 minutes before "lift-off." By elimina-
ting the rendezvous radar test, the CDDT can and should be rur until
about TIG mimus one mimute.

Although we are not proposing to delete it yet, it should be noted
that the CDDT itself is of marginal importance and if it interferes
with other more important activity, it could also be eliminated. It
is not a precise countdown, anyway, since obviously the crew mst not
fire pyros, bring the APS batteries on line, pressurize tanks, and so
forth, unless they really intend to lift-off. This CDDT should cer-
tainly be eliminated from lunar landing missions after the first.

As noted in a previous memo, the command module sextant tracking of
the IM is not mandatory either, although the flight controllers will
use the data if they get it to reinforce confidence in their other
data sources. And, of course, the post-flight people will undoubtedly
find it interesting. Here again, though, it may be worthwhile to con-
sider omitting one of the two sextant tracking periods. We are not

proposing this yet either.
(o

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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See list attached DATE: April 15, 1969
69-PA-T-634

PA/ Chief, Apollo Data Priority Coordination
Some things about Descent

This memo is to list a few odds and ends dribbling out of our latest
Descent Monitoring clambake.

l. We have identified a new entry for the PDI pad message
voiced to the crew before DOI. Just prior to PDI the crew makes a
crude estimate of their altitude above the lmnar surface by measuring
the time it takes for a lunar landmark to move from one end to the
other of their LPD line on the IM window. (I believe it normally
takes about 20 seconds and therefore two seconds is equivalent to
about a mile accuracy in altitude.) The new pad entry is the time
at which the altitude check landmark should appear at the lower end
of the LPD line. It is currently proposed that the landmark to be
used will be the same one the crew performs their on-the-job training
sextant tracking on LOI day. This has the additional benefit of
providing the MCC with data for determining its location with some
precision before the altitude check.

2. During powered descent the crew monitors their various
data sources to ascertain whether or not the DPS is producing an
acceptable thrust. If there is thrust degradation of a fairly small
amount, they are supposed to exercise established malfunction procedures
in an attempt to improve DPS performance. If the degradation is more
severe, malfunction procedures will not help and the crew should abort.
LM systems flight controllers were requested to establish the amount
of thrust degradation which the crew should tolerate before beginning
the malfunction procedures and what amount they should use to decide
on animmediate abort. .

3. There has been a great deal of discussion over the merit
of the crew observing the lunar landscape during the early part of
powered descent. There are some benefits the crew is supposed to

obtain from this but it is important that it not be carried on so long
that landing radar data is lost as a result. Since it is possible to

start getting landing radar data as early as two mimtes after PDI, if
altitude is dispersed low by one mile, it is proposed that the crew
yaw the spacecraft from its face down attitude no later than PDI + 2
minutes. Yawing sooner would be fine.
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4. The attitude the crew should hold after yawing to acquire
landing radar is 6° off the principle axis in order to give symmetrical
landing radar antenna coverage. This, of course, provides greater
probability of acquisition and "data good." (Incidentally, a possible
candidate for future spacecraft computer program change is to have the
aytomatic system also control to this attitude, compensating for the

landing radar antenna offset.)

5. It bas been said that the hi-gain S-band pointing angles
during the braking phase of powered descent are more or less constant
once the spacecraft has been yawed for landing radar acquisition. It
would be very useful for the crew to have these pointing angles in
their onboard data for use in manual acquisition during this period if
the S-band were to lose lock. Who figures out what these angles are =~
Rocky Duncan is that you?

P

Howard W. Tindall, Jr.

PA:BWTindall, Jr.:js
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TO : See list attached ‘ : DATE: April 16, 1969
' 69-PA-T-64A

FROM : PA/Chief, Apollo Data Priority Coordination
SUBJECT: How the MSFN and sextant data are used to target DOI and Descent

We had a meeting on April 9 which was extremely interesting to me.
We discussed and settled on how the MSFN tracking and sextant land-
mark observations would be used in the MCC/RTCC to produce optimm
DOI and Descent targeting for the IM. The big new factor that had
to be taken into account somehow was the propagated state vector
errors resulting from our imaccurate modeling of the lumar potential.
This has forced us to change our planned techniques somewhat from
those proposed before the C! mission. Most of what we now plan to do
is just as the Math Physics Branch (MPB) of MPAD proposed to us at
this meeting. I feel they should be commended for a pretty fair
piece of work.

" I would first like to describe the manmer in which MPB proposed
‘that the RICC orbit determination consistency checks be made dquring
the flight. As you recall, in a previous memo I noted that they
feel it is best to use the orientation of the orbital plane determined
pre-10I to which they add the in-plane orbital elements based on new
MSFN tracking. Of course, it is necessary to contimuously monitor and
confirm that the plane established in this way is right. They intend
to do this by performing single-pass MSFN solutions after each luanar
orbit and comparing the resulting inclination with that established
pre-10I. It is expected that the single-pass solutions will show a
random variation about the pre-IOI value indicating it is safe to
contimue using it. If they detect a bias or trend in these single-

pass inclinations away from the pre-10I wvalue, they will have to update
it.

In addition to the inclination check performed continuously, they also
plan some discrete comsistency checks made in revs 6, T, and 8. These
- checks will be made by processing MSFN tracking just as will be done-
later for the DOI and Descent targeting. That is, they will determine
the orbit based on rev 3 and 4 data and propagate it to rev 6. They
will make a "plane-free" single-pass solution in rev 6 based on rev
6 tracking. They will compare the three position components in local
vertical coordinates (that is, downtrack, altitude, and crosstrack) at
20 minute intervals throughout rev 6 and will plot the differences vs.
time. These plo§s should show the propagated error from the older
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solution as a function of time throughout rev 6. They will do the same
thing using revs 4 and 5 data propagated to rev 7 and compared with a
single<pass rev T solution. They will do the same thing with revs 5

and 6 propagated to rev 8. These position difference plots determined
for revs 6, 7, and 8 will be superimposed upon each other to make sure S
there is consistency on determination of propagated state vector errors.
This consistency, incidentally, has been demonstrated on C' and we expect
to reconfirm it on the F mission prior to G. If it works as expected,

it should be possible to determine the propagated error in all three
components as a function of time on a state vector propagated ahead two
revs. The significance of this, of course, is that the DOI and descent
targeting is performed with a state vector which is two revs old and:

if we are able to determine the propagation error, bias may be applied
to compensate for them. That is a description of a rather complicated
process. The important thing for you to understand is that a technique-
appears to be available for determining and compensatlng for propagatlon
error in real time.

The manner in which we intend to use sextant tracking of the landing.
site has not changed since before C'. That is, we intend to determine
the landing site position by applying the measured relative displace-: -
ment in all -three components - latitude, longitude, and radius - to
the current MSFN solution at the time of the sextant observations. -
‘Thus, the targeting solves the relative problem compensating for errors
in both MSFN state vectors and the prefllght estimate of the landing
site location. We have established that the change from the preflight
value in each of these components based on the real time data must

not exceed the following values:

a. ILatitude mist not be changed more than 12,000 feet. -
b. Longltude mist not change more than 6,000 feet.
c. Radius must not change more than 6,000 Peet.

These values are based on our current 3 si-gma estimtes of preflight
map accuracy RSSed with the MSFN orbit determination accuracy. It is
felt that corrections larger than these must indicate some sort of
gross failure demanding either that the sextant tracking be redone by -
delaying DOI one rev or that the sextant tracking be ignored and the
Descent targeting be based on the preflight values. Incidentally, -
the mission rule defining which of these choices to pursue is a.
significant open item which must be resolved. -



Now I would like to describe how the propagated errors are compensated
for.

a. Crdsérange, which is essentially latitude, will not be com-
pensated for propagation errors at all. Since we are using the frozen
plane technique, by definition, no propagated error can occur.

b. Error in spacecraft altitude is compensated for by changing
the radius of the landing site by an amount equivalent to the propagated
state vector error in the altitude direction. The empirical correction
is determined from the propagation state wvector plots described above
by reading out the error in altitude associated with a time in orbit
equivalent to touchdown time. The point is that the state vector is not
corrected, but rather compensation is applied to the landing site -
radius since this is a much cleaner procedure. :

c. Downrange error is more-or-less equivalent to landing site
longitude and presents special problems. Consideration was given to
compensating downrange propagation errors by changing landing site
location in a manner similar to the radius bit just discussed. That
would work fine for Descent, but can result in a serious problem in
Descent aborts. Specifically, downrange error in the state vectors
during powered flight act in a way equivalent to a platform alignment
error in inertial space. Specifically, 10,000 feet downrange error is

"equivalent to O0.1” IMU misalignment. Therefore, if we were to leave
the propagated downrange error in the state vector, all powered flight
by the inertial guidance system would be carried out with 0.1° error
and, in the event of a Descent abort, would cause the system to aim -
for the wrong insertion conditions by that amount. Of course, the AGS,
which is initialized from the PGNNS would also have this error. Although
we don't expect the downrange error to exceed &bout 5,000 feet, we have
no assurance of this and conservatively feel that an alternate approach
for compensating downrange error is preferable. The alternate approach
we adopted is. to change the time tag on the state vectors such that the
downrange error at touchdown time is zero. Changing a state vector time
tag is not a simple thing to do in the RTCC. It has not yet been
"automated.” As a result, it is necessary for the Data Select Officer
to manually enter the entire state vector into the RTCC using his type-
writer like input device. This is a time consuming process because
it mst be very carefully checked. (It is recognized that the RTCC
program for the lunar landing mission has been frozen, but it was

- suggested to the Data Select people that they consider automating this
input since it is becoming part of the nominal operation.) It is to

be emphasized that this time tag compensation is applied to both the IM

and CSM state vectors in all three computers - RTCC, LGC, and CMC. We
may eventually establish a lower bound in this downrange compensation
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below which it is considered acceptable to live with the error. For
example, if the downrange error is less than 5,000 feet, we may choose
to apply that small correction to the landing site 1ong1tude and leave
the state vectors time tag alone since that is a mch sunpler thlng to
do. But that's not the current technlque. '

One significant open item I failed to mention in passing is that
there is still a controversy raging on whether ‘a 51ng1e-;ass or two-
pass MSFN orbit determination shoula be used for Descent targeting .
That is, the sextant tracking is done on rev 1l and the MSFN tracking
on that rev is certainly used. The question is, should rev 10 MSFN"
tracking be incorporated in as well? The solution to this depends

on ‘ironing out inconsistencies between two computer programs which
are given conflicting results. The answer could come at any time. -
Once the one-rev vs. the two-rev decision is reached, of course, it
will not only apply to orbit determination techniques for Descent
targeting but will also be incorporated in the MSFN propagation error
determination techniques described above.

It is currently planned that these G mission operations will be
carried out on the F mission exactly as if that flight were a lunar
landing. This obviously means that to the maximm extent possible’
these techniques will also be used in the F mission simlations.
There is some question, however, if changing the state vector time

" tag to compensate for propagated downrange error is a reasonable thing
to do on-the F mission. Accordingly, this must be discussed with the
F mission operations people before we naively assume they will do it.

" 'Much of the preceding discussion deals with the landing site location
to be used in the LGC during Descent. The landing site position (RIS)
- to be loaded in the command module computer should be the preflight
map values of the prlme landing 51te landmark and there is no reason
to go through this "mickey mouse” of updating the CMC values from

the MCC before the IM lands.

The time tags on the state vectors transmitted to the spacecraft
computers on G are essentially the same as on the F mission. The LM
state vector sent to both the LGC and CMC will be time tagged at DOI
-10 minutes. The CSM state vector sent to both spacecraft will be
time tagged at PDI + 25 minutes, which should be close to the initia-
tion of rendezvous navigation in the case of a late Descent abort.

Except for the open items noted above, I think this pretty well
establishes how we plan to do the targeting for DOI and Descent on
the lunar landing mission, at least until F mission results come ‘in.

e O

Howard W. Tindall, Jr.
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PA/Manager, Apollo Spacecraft Program DATE: April 23, 1969

69-PA-T-62A
PA/Chief, Apollo Data Priority Coordination

F mission rule regarding DPS gimbal drive failure indication

This memo is to report how it is currently planned to handle an
indicated failure of the DPS gimbal drive actuator (GDA) on the

F mission.

On the F mission there are two DPS maneuvers - DOI and Phasing.

The DOI burm is about Tl fps achieved by 15 seconds duration at

10 percent thrust and about 15 seconds at 40 percent. The Phasing
burn is about 195 fps achieved by 26 seconds at 10 percent and
about 19 seconds at full thrust. The question to be answered was
what should the mission rule be covering a GDA fail light occurring
on either of these burns? .

From the offset it should be made clear that advice from the MCC
during the maneuvers is out of the gquestion due to the commnication
delay when the spacecraft is operating at the moon. And of course,
the DOI burn is performed in back of the moon.

The fail light coming on can mean any one of three things - the gimbal
is moving when it is not supposed to be, the gimbal is not moving
when it is supposed to be, or the indication itself is at fault.
Apparently by far the greatest probability is that the failure indica-
tion itself is in error. As you know, there is no direct cockpit
readout of DPS gimbal angles. Accordingly, the only way the crew has
of determining that the light is in error is by waiting for some other
cue such as excessive attitude error on the FDAI and hearing or seeing
the RCS Jjets firing to maintain attitude, as they will when the IM
agtitude error as controlled by the DPS gimbal positioning exceeds

1-.

If the light comes on during the G mission, the mission rule will
almost certainly be to await the second cue before taking any action
because even a runaway gimbal cannot create a problem and you unnec-
essarily have blown the mission by turning off the GDA if the light

is wrong. It is currently intended to use this same rule on F,
although it is not so clearly proper for F as G. Specifically, in the
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event we really do have a rumaway gimbal, it is almost certainly possible
to contimie on with the nominal mission provided the crew deactivates

the GDA immediately in all cases. That is, by freezing the DPS gimbal
position, it is possible to complete not only the DOI burn, but also

the entire Phasing burn using RCS for attitude control. Analysis has
shown the RCS propellant required is not excessive and the plume impinge-
ment constraints are not exceeded. For example, if the GDA misalignment
were 1i° throughout the entire Phasing burn, only 15 seconds of RCS
would be required of the worst jet. This gives the crew more than 5

or 6 seconds to deactivate the GDA in the worst situation - pamely a
runaway gimbal moving at 0.2° sec. If the crew does not deactivate

the GDA as soon as they get the light, but rather awaits the second

cue, mistrim may be too great to permit use of the DPS for the Phasing
burn. This would force us either to use the APS for Phasing or to
perform a PDI abort, which essentially eliminates the long range
rendezvous navigation exercise and results in a non-nominal rendezvous
sequence. We don'’t think this is the case and are getting some computer
simlations run to prove it. That is, we expect that even by awaiting
the second cue, the resultant misalignment will be within RCS control
capability.

In the event of a real GDA failure during the DOI there are some
things the MCC can do once the IM appears from behind the moon. Care
mst be taken, however, to make sure that these .tests do not result
in further misalignments of the DPS gimbal during the Phasing burn.
Certainly the MCC can make an estimate of which direction the mistrim
appears to be the largest prior to the maneuver and could recommend
that the opposite RCS jets be used for ullage in order to reduce the
probability of reaching the plume impingement constraint during the
Phasing burn.

The mission rule is currently written this way, with the approval
of everyone I know who is interested. The only perturbation I can
foresee would result from the analysis noted above showing we might
lose the DPS for Phasing if the crew awaits the second cue. In that
case, a review might be worthwhile.

R\____——"

oward W. Tindall, Jr.

cc:
(see 1list attached)
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See list attached DATE: My 2, 1969
69-PA-T-69A

PA/Chief, Apollo Data Priority Coordination
CSM rendezvous navigation works fine using just VHF ranging

I made an announcement during the F Operations Review which was
absolutely flat-out wrong. This memo is to correct that statement
and/or just to make sure you know what capability really exists in
the CSM for rendezvous navigation.

Sometime long ago, I got the impression that acceptable rendezvous
navigation could not be done in the CSM using VHF ranging data
alone. That is, I thought that 1f sextant tracking were not also
available due to failure of the opties or the IM tracking light,
there was no point in processing the VHF data. It turns out that
this is not true. In fact, under certain circumstances, such as
before CSI on the F and G missions, use of VHF ranging data alone

is said to be better than using the combined data sources. In fact,
the only place there is some question about using VHF ranging alone
is after TPI where some analyses show it breaks down.

My apologies to you, Mr. Charlesworth.

\

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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'To  : See list attached DATE: May 5, 1969
69-PA-T-TOA

FROM Im/Chief, Apollo Data Priority Coordination
SUBJECT: Descent Monitoring Mission Techniques - a status report

I think we are beginning to see the light at the end of the Descent
Monitoring Mission Techniques tunnel. At the April 24 meeting on
that subject we thoroughly discussed the integration of the onboard
techniques with the activity at the MCC during powered descent and I
feel the resultant is as reasonable and complete as possible, con-

- sistent with practical operational constraints.

One thing we have finally been able to get under control was this
squirmy idea that there is some way for the crew.to compare the
output of the AGS and PGNCS onboard the spacecraft with the objective
of making abort and/or switchover decisions. Obviously there is no
question that a massive system failure will be obvious to them and
their course of action will be clear. Obvious too, is the fact that
the crew will be monitoring both of these systems as well as many
other data sources throughout powered descent. But, now known to
everyone, is the fact that there is no way for the crew to compare
AGS and PGNCS such that they are able to detect which system is mal-
functioning, if that malfunction is of a slow drift degradation type,
at least not with the assurance necessary to take any action. There-
fore, just as in the case of ascent, not only is the MCC prime for
carrying out the task of slow drift malfunction monitoring, but we
now recognize that MCC is the only place this can be done. That, my
friends, is a fantastic event - the death of a myth we have been
haunted by for two years. Don't get the idea I'm happy with the situa-
tion. What I am pleased about is that everyone now agrees it 1s the
situation. -

There is another thing about powered descent crew procedures that has
really bugged me. Maybe I'm an "Aunt Emma" - certainly some smart

people laugh at this concern, but I just feel that the.crew should not

be diddling with the DSKY during powered descent unless it is absolutely
essential. They'll never hit the wrong button, of course, but if they
do, the results can be rather lousy. Therefore, I have been carrying

on a campaign aimed at finding some way to avoid the necessity of the
crevw keying up the on-call displays. This campaign has not been alto-
gether successful. I guess partly because not everyone shares my concern.
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Although, I started out by saying the end is in sight, we still have quite
a batch of unresolved issues which I would like to list here so that
everyone can continue to think about them.

a. There is still a wide open question concerning what is considered
our real time minimim landing radar data requirement in order that descent
can be continued. There are many of us who feel that failure to obtain
a certain amount of good landing radar data by some point in the powered
descent is sufficient justification to abort - for example, landing
radar altitude updating by 13,000 feet has been suggested as a require-
ment. The crew apparently feels that this constraint is not real and
that their observations - visual, I suppose - are an adequate substitute.
Just how we are able to integrate in these real time crew observations
to overcome the landing radar deficiency has not been established yet
and I am not sure who, if anyone, is working on it.

b. Although, a month or so ago, the decision was made that the
crew is to manually backup the automatic switching of the landing radar
"antenna position during a nominal descent, there is still substantial
concern that this is not the right thing to do. For example, the IM
systems people point out that the switch the crew uses to do this must
be cycled from "auto" through the old landing radar position to get
to the new landing radar position and a switch failure could override
a perfectly operating automatic signal and send the antenna scurrying
back to the position it just came from.

c. I am still not content with the AGS altitude update techniques.
That is, how many times and when during powered descent should this be
done?

d. There is some point in powered descent after which it should
be possible to continue the landing with an inoperative gimbal drive
actuator. Procedures for handling this situation in real time remain

to be established.

Howard W. Tlndall Jr.
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TO : See list attached ' DATE: May 6, 1969
S ' 69-PA-T-T1A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Ascent newsletter

This memo is to report several interesting things regarding lunar-
ascent, both nominal and after a descent abort.

(
(,lf}‘
1. It turns out we demand better performance of the PGNCS to ﬂ;;t/J

support ascent to orbit than we do descent. Accordingly, if it is 1
necessary to abort during descent due to degradation of the PGNCS,
it is automatically necessary to switchover from the PGNCS to the l
AGS. Of course, this assumes that the AGS is ‘performing better
than the PGNCS.

2. We have recently had a running philosophical argument regard- -
ing ascent switchover. Of course, switchover in itself is not cata-
strophic as is an abort; if the system you switch to is working okéy,
the mission continues just as planned. This led me to push for establish-
ing fairly tight switchover limits -since I felt that it was highly desirable
to assure as near nominal rendezwvous characteristics. as possible. That is,
why stick with a degraded PGNCS if the AGS is working better? The only
disadvantage seems to be the hazard involved in the act of switchover
itself; all the switches, relays, and so forth have to work. In other
words, it comes down to a tradeoff between the hazards involved in switch-
ing over versus the dispersions in the rendezvous situation which could
be avoided by switching over.

More recently we have adopted a procedure for eliminating dis-
persions at insertion following descent aborts by making an adjustment
maneuver immediately after insertion. This so-called tweak burn is used
specifically to assure satisfactory rendezvous conditions. This procedure
may also be used to compensate for degradation of the PGNCS during ascent
and makes it possible to leave the PGNCS in control as long as it is still
capable of providing a safe orbit. However, if the PGNCS degradation is
sufficient to justify it (say, worse than 3 sigma) the crew should be
advised of the situation during powered flight such that they will stand
by for a tweak burn to be executed immediately after insertion using the
same procedures as for the descent abort.

Having adopted this technique, it seemed reasonable to set the
PGNCS switchover limits fairly wide. The value chosen was 6 sigma. The
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compromise here, of coursé, is the operational messiness of a tweak burn
traded off against the switchover to AGS "hazard."

3. One thing which could give us bad trouble is a misaligned PGNCS
prior to ascent, particularly if we align the AGS to it as was planned.
The problem, of course, is that small misalignments can result in unaccept-
able insertion conditions and, even though ground monitoring would probably
detect the situation during ascent, switchover would do no good since the
AGS would be equally misaligned. To avoid this situation entirely, we
have concluded that the best course of action is to independently align
the AGS while on the lunar surface rather than to align it to the PGNCS.
This makes the two systems truly independent, which not only gives us a
cross-check on the accuracy of the alignment of each but also permits a
useful switchover if somehow a PGNCS misalign escapes our detection
techniques. Incidentally, this also eliminates the problem of CDU tran-
sients in the AGS lunar surface alignments. Accordingly, we are proposing
that the procedures be changed tQ always utilize the AGS gravity lunar
surface alignment technique rather than alignments to the PGNCS. I expect
this will be done once some details have been worked out.

4, It is interesting to note that the problem just discussed is not
quite as severe in the event of a descent abort. In that case, of course,
the AGS must have been aligned to the PGNCS and so they both will suffer "¢

the same misalignment at PDI. What happens then if we have a descent A
abort and try to achieve orbit with both systems misaligned? It turmns - 6
out that this particular error is partially compensating - that is, the Qj{ U[kn
trajectory dispersion during descent is partially eliminated by the ‘ fgk A
trajectory dispersion during ascent back into orbit. In addition, the &ﬂ' T

descent abort limits will be tight enough that unacceptable dispersions R
should not occur prior to descent. In other words, we feel we have a \54 . »q;?

safe situation here.
o L

Howard W. Tindall, Jr.
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TO : See list below DATE: May 6, 1969
69-PA-T-T24
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Comments on IMU compensation procedures

Attached is an MIT memo I thought you should see. It proposes that
the MCC update the gyro compensation terms in the spacecraft computers
whenever they are detectably wrong. One benefit, of course, is the
possibility of eliminating a bunch of IMJ alignments. But more
important, it keeps the system right.

Incidentally, the threshold listed in the F and G Mission Rules
beyond which the PIPA bias will be updated is twice too big. The
Data Priority recommended value is .003 ft/secg. (See F Rules 15-

11 and 25-10, G Rules 15-11 and 24-3.) I'm sure you appreciate my
calling your attention to this important matter: Seriously, I'd ,
like to emphasize the significance of this on the LM during descent.
Accelerometer bias is one of the two most undesirable LM IMJ errors
and should be minimized as much as possible. (The other, of course,
is y-axis misalignment at PDI and that's a tough one.)

B
Howard W. Tindall, Jr.

Enclosure

Addressees:
FA/C. C. Kraft, Jr.
FC/E. F. Kranz

G. S. Lunney

C. E. Charlesworth
FC3/A. D. Aldrich
FCi/R. L. Carlton
FC5/C. B. Parker
FM/ J. P. Mayer
FM7/S. P. Mann
MIT/M. W. Johnston, IL 7-279
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UNITED STATES GOVERNMENT
M emO rdndum NASA Manned Spacecraft Center

TO  : See list attached DATE: May 8, 1969
69-PA-T-TUA
FROM EA/Cbief, Apollo Data Priority Coordination

SUBJECT: The IM4 RR/LGC interface may be broken, but that's okay - sorta

This memo is to document the Data Priority position regarding a recent
IM+ systems problem. To wit, it is considered acceptable to proceed
with the nominal F mission with a questionable or known interface
failure between the rendezvous radar (RR) and the IM spacecraft com-
puter (LGC). It should be emphasized that a properly operating ren-
.dezvous radar with crew readout is still considered mandatory for DOI.
Also, this recommendation does not necessarily apply to the G mission.

Justification for this position is based on the unique character of

the F mission and on the availability of three adequate alternate

data sources. The F mission rendezvous starts with precisely controlled,
known initial conditions since one spacecraft separates from the other
in orbit; furthermore, consumables - particularly, propellant - .are
abundant. The alternate data sources which can be used for rendezvous
navigation and maneuver targeting in the event of an RR/LGC interface
failure are: ' :

a. The crew backup charts using raw RR data as displayed on the
tape meter and/or DSKY

Error analysis by FCSD has proven the crew backup chart solution
to the rendezvous problem is competitive with the PGNCS. These charts
are utilized in the nominal crew procedures. The tape meter is the
primary source of input data, however, it is also possible to obtain
raw RR data by use of the RR Self Test routine (RO4) with the RR test
switch set 'to the "Off" position. Incidentally, the crew already uses
this routine periodically to check and calibrate the tape meter. It
should be noted, however, that RO4 cannot be used simltaneously with
the rendezvous navigation program (P20) nor if the RR/LGC interface is
totally broken rather than intermittently malfunctioning.

b. The CSM using sextant and/or VHF ranging data

This solution is also routinely available and competitive with
the PGNCS. It should be noted, however, that the VHF ranging system
has never been flight tested and there is certainly no great confidence
in the high intensity tracking light on the IM. It failed on D! However,
either of these data sources is adequate for successful operation of
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the system.

c. The MSFN solution based on pre-separation tracking and PGNCS
navigation through LM maneuvers

This solution is also comparable in accuracy to the PGNCS and,
in fact, is the real foundation upon which we are able to base our
case for this recommendation. It assumes, of course, that the PGNCS
is operating nominally - controlling and navigating through the
maneuvers. It should be noted that if it is known the interface has
failed and PGNCS rendezvous radar navigation cannot be carried out, it
is possible for the MCC to update state vectors to the LGC enabling it
to obtain its own targeting more-or-less equivalent to the MCC. Procedures
for doing this are well known to the flight controllers.

d. It is important to emphasize that AGS rendezvous navigation
and maneuver targeting should not be utilized on the F mission due to
computer program limitations which result in unacceptable errors. The
AGS can be used for maneuver execution, of course.

If an RR/LGC interface failure occurs but is not detected by some other
means, it is quite possible that the LGC LM state vectors could be
damaged by acceptance of bum RR data - that is, crew editing is not
infallible by a long shot. However, special rendezvous solution com-
parison and AGS state vector update procedures are not required since
current mission technigues were developed especially to prevent execution
of wrong maneuvers. Failures of this type are the reason for the very
existence of Mission Techniques!! The specific situation under discussion
here is not unique except that preflight concern makes everyone alert for
this specific problem. (I am assuming that the crew will be adequately
briefed, although, I am not sure when and by whom at this time.)

This paragraph is to present the other side of the coin. Our only real
concern is the added vulnerability to failures of other systems which

can force switching the mission to a rendezvous abort sequence (such as

an APS failure at the insertion maneuver). Crew backup charts are not
available for these high ellipse cases (except for a CDH chart for the

PDI abort situation). Multiple failure cases leave us dependent upon the
CSM solution, item"b" above, plus the PGNCS solution noted in item "c"
above, which should be adequate for a safe return without RR data, although
probably dispersed and perhaps costly.

This recommendation has been coordinated with authoritative representatives
of FCD, FCSD, and MPAD, who all agree with it. No crew input has been
obtained, however, I would be amazed if they do not also agree. Assuming
Stafford's vote, I assume this matter is settled. The mission rules do not
specifically address this interface problem and require no change unless

it is desirable to add this.
QL:L&QGLLQQST/

Howard W. Tindall, Jr.
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See list attached DATE: May 12, 1969
69-PA-T-TSA
PA/Chief, Apollo Data Priority Coordination

Cis-lunar state vector updating procedure change

A lot of you won't care - but I want to make sure that those that
need to know, do. It deals with state vector updates from the MCC
to the CSM during cis-lunar flight on the G mission.

On the C' mission, state vector updates were always transmitted to

the IM slots in computer memory in order to avoid messing up the
infamous W-matrix. Since essentially no onboard cis-lunar navigation
will be carried out on G, there is no need to protect the W-matrix

and the crew has expressed a strong preference for preserving their
sacred state vectors onboard the spacecraft. With some justification,
they want the ground to update only into the CSM state vector slots,
after which they will make some checks to determine if they have been
received and stored properly and are reasonable. They will then transfer
them to the LM slots for safekeeping. In other words, the IM slots are
for the crew to use as they wish. The flight controllers have agreed to

do it this way. @’Hr—-———-\
1

Howard W. Tindall, Jr.

PA:HWT: js
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TO : See list attached DATE: May 12, 1969
69-PA -T-T6A

FROM Pﬂ/Chief, Apollo Data Priority'Coordination.

R

‘ SUBJECT: G mission lunar descent is uphill - all the way

Just in case you didn't kmow, I thought I would send you this note
about some nominal G mission landing site characteristics which I
thought were kind of interesting. First of all, apparently this
landing site (2-P-6) is about 9,000 feet lower than the mean lunar
radius. The significance of this, of course, is that all ascent
and descent targeting - in fact, all lunar altitudes - are referenced
" with respect to the landing site radius. That is, the 60 mile cir-
cular, LOI orbit is targeted with respect to the landing site and
thus is lower by 9,000 feet than you might have assumed. But more
important, the insertion altitude after ascent which is nominally
60,000 feet above the landing site is really only 51,000 feet above
the mean lunar surface and, of course, less than that over the bumps.

Another interesting characteristic is that the approach to this landing
site is even lower. Specifically, the estimated slope of the lunar
surface as the spacecraft approaches the landing site is about 1° up-
hill. This in itself appears to be tolerable, although it does perturb
the descent trajectory a little causing the approach angle to be low -
that is, toward the visibility washout direction. Something we do want
to look into about this was brought out by Bernie Kriegsman (MIT) the
other day. One of his computer runs showed that during the final portion
of the descent trajectory under automatic control, the spacecraft would
actually stop descending and would achieve a positive altitude rate prior
to landing. The dispersion that caused this was a 1° slope uncertainty
in the lunar datum, which when added to the aforementioned estimated
slope resulted in a 2° uphill grade. We are going to have to cross-check
this to see if this is really what happens. If it is, we are going to
have to look in to the effect of this on how the crew would respond and
how the landing radar works under this condition.

% (

Howard W. Tindall, Jr.

PA:HWT:js
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See list attached | DATE: May 12, 1969
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PA/Chief, Apollo Data Priority Coordination

Manual Steering for IM Ascent

Over the years various groups have attacked the problem of if and how
the crew can manually steer the IM back into orbit from the lunar sur-
face. These studies were started before GAEC was even selected to
build the IM and some analysis is still going on to define the optimum
pitch attitude profile, which should be used in this mode. On May 8,

- I invited representatives of the MSC groups I knew had been involved

in this business to a discussion - the purpose of which was to pin
down Jjust what the status is today. We were also interested in deter-
mining if something useful could be done between now and the G mission.
In summary, I think we all agreed that:

a. We should certainly not count on a manual operational backup
mode for lunar ascent in the same sense that manual modées backup some
other critical mission phases such as rendezvous targeting, burn control,
etc. However, it's better tban nothing and we ought to be prepared to
do something.

b. Without a rate command attitude control system, it is extremely
doubtful they could achieve orbit even if they had trained thoroughly
in the technique. (Currently there is no.training planned for the G
crewv. ) : : : '

c. There are some things we should and will do before the G mission
to prepare for this contingency, since it is an unfortunate fact.that
there are apparently quite a variety of two-failure combinations that
can put us into this serious situation.

- One of the first impressions you get when you start looking into manual

ascent is that the procedures which should be used are strongly dependent
upon the character of the system failures. That is, there are many
different combinations of failures, each of which should be handled in

a different way. As a matter of fact, the mltiple-procedure-sets idea,
combined with the low-probability-of-occurring idea has probably been

the major reason we haven't got this whole thing all worked out in

detail now. However, Jack Craven has finally convinced me the situation

is not that remote and a worse situation can hardly be imagined. Further-
more, our discussion leads me to believe that these multitude of procédures

5%t
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don't really present an insurmountable problem that can only be resolved

in real time. I get the feeling that the "variation in procedures" which
come about from many of the component failures is primarily a reconfigura- .
tion of spacecraft switch settings and the crew procedures probably aren't
too different than for the nominal ascent itself. Of course, in that

case the MCC must be prepared to advise the crew exactly how the spacecraft
should be configured to best support ascent .in one of these degraded modes.
It was interesting to find that the method which must be used for the next

level or class of failures essentially boils down to the following few
options:

a. Prior to lift-off, some sort of initial azimuth reference must be
chosen such as a prominent landmark or probably the ILM's shadow 'on the
lunar surface. Immediately after lift-off, the crew would yaw the space-
craft to place the LFD line on the shadow prior to initiating pitchover,
after which a landmark to aim for could be selected by the crew in real
time.

: b. After manual "Engine Start", the crew would hold the vertical

rise pitch/roll attitude for 15 seconds. They would then pitch the
spacecraft in accordance with pre-selected four step pitch profile.
These angles are essentially known today both:

(l) In inertial coordinates for use 1if a spacecraft inertial
reference system is available and '

(2) 1In a relative coordinate system - that is, the overhead
window marks which should be held on the lunar horizon.

c. Propellant depletion should probably be used as the "Engine Off"
technique and it is recommended that the interconnect not be used for {
attitude control since APS propellant is marginal to start with and should
be utilized exclusively for getting into orbit. The "Engine Off" command
could possibly be issued manually using the DEDA output of ISVX provided
the AEA and x-axis accelerometer are functional but probably shouldn't be.

This procedure, which essentially targets the spacecraft to the nominal
insertion altitude and flight path angle most likely will result in a
large dispersion in velocity, which of course would foul up the subsequent
rendezvous. At least it provides the greatest chance of achieving orbit
at all and probably minimizes the dispersions to give us a reasonable whack
at rendezvous.

It is evident the two things that the crew needs to do on this job are

an attitude reference and an attitude control mode. I was very interested
to find that if we constrain ourselves to talking about pure manual as
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opposed to the various levels of degraded automatic ascent modes, we
really came out with a very short list of candidates for these

two things. Specifically for attitude reference, we have the following:

a. If the CES is broken, but the AEA, ASA, FDAI, and needles are
available, they provide an excellent attitude reference. In fact,
in 'this case, the crew should fly the needles as opposed to the four
step pitch profile noted previously ‘since- they are driven by the actual ,7
ascent guidance error signal. (Unfortunately, it probably means having | - /
to f1ly in Direct Attitude Control - heaven forbid!) - : l {

b. If only the LGC is broken, we can use the IMU and GASTA driving l
the FDAI to provide a good inertial attitude reference if we can align
it somehow (Caging, probably) and can figure out how it is aligned.

——

c. The overhead window has been especially configured for use :with

the horizon during ascent, which fortunately is sunlit throughout the
nominal ascent. (A sunlit horizon is not always available for.descent.
" aborts ‘or lift-off immediately after touchdown.) Spacecraft pitch is
controlled using the horizon and window marks; spacecraft yaw utilizes
the horizon tilt and roll (that is, azimth) mst use some landmark
as noted previously.
Those are;all the choices we could think of for an attitude reference
if automztic control. has beéen lost. Furthermore, we found there are
only three manual attitude control modes, which I will list in order
of preference:

a. If a PGNCS accelerometer is broken, it is possible to use the'.
LGC, IMU gyros, and hand controller to obtain a DAP rate command mode.

b. If the ASA and/or AEA is broken, it is possible to use the ATCA,
rate gyros, and hand controller to obtain a rate command mode.

c. The rotational hand controller (ACA) can be used in either of
two Direct Attitude Cogtrol modes, both of which are probably unacceptable.
They are four jet - 12 (hardover) and two jets - E%O.

Following is a list of things we are going to do:

a. MPAD/TRW will recommend the final angles - inertial and horizon -
to be used for carrying out the four step pitch profile.

b. FCSD will check with the crew to determine if they want to add
these numbers into their checklist along with the nominal attitude profile
check points they have already, or if they want to leave this for a real
time voice relay from the MCC.
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c. Clark Hackler and Jack Craven are going to develop a complete matrix
defining the preferred spacecraft configuration and capability remaining
for degradation or failure of each component. This should be done by the
first week in June. Incidentally, something along this line has apparently
been worked out by GAEC already.

d. I am going to see if it possible for some experienced pilot, pref-
erably Pete Conrad, to run a few simlations of some of these manual
abort modes, particularly to evaluate using the overhead window attitude
reference with the three rate command and direct attitude control modes
noted above.

In mid June, we will set up a Mission Techniques meeting on this subject
with world-wide participation - particularly MIT, TRW, and GAEC - to see
where we stand at that time. Considering the catastrophic mature of the
situation under discussion here, it seems some effort is certainly justi-
fiable to get prepared. I would recommend that it be an effort equivalent
to manual TLI steering. In other words, a blank check. Everyone at MSC
‘and particularly the prime crew can spend full time on it, if they want
to. And, I currently plan to have a Mission Techniques document prepared
specifically for it, too - prior to G.

a.-Q:J\l s |

Howard W. Tindall, Jr.
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TO : See list attached DATE: May 15, 1969
69-PA-T-T8A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Some "improvements" in the Descent preparation procedures

As we wade deeper and deeper into Descent Mission Techniques, one
thing coming into focus is that, of all IMU error sources, the

two that hurt the most are accelerometer bias and y-axis (pitch)
misalignment at PDI. Having recognized this, we are now proposing
some specific procedures to minimize them. This memo is to tell you
all about it in some length, I'm afraid.

There is no better test bed for determining accelerometer bias than a
spacecraft in orbit. Any output from an accelerometer is bias and
procedures have been well established for monitoring, selecting, and
updating the accelerometer bias compensation terms in the LGC. On
- flights prior to G, the practice has been to establish a threshold
below which the compensation would be left alone and above which it
would be updated from the MCC. Many of us now feel, and I am proposing
that on the G mission, it should be standard procedure prior to DOI
for the MCC to update accelerometer bias compensation terms in the
LGC routinely, regardless of how good or bad the currently stored
values are. The threshold is zero.

Pitch misalignment is a little bit tougher. May I first just state
some facts to build on?

a. The current Mission Techniques provide only a coarse IMU drift
check by comparison of the docked IMU alignment at DOI - 23 hours to
the undocked AOT alignment performed at DOI - % hour. The docked align-
ment uses the CSM IMUJ as its refdrence and has an estimated accuracy of
0.5° in all axes, so drift rates as large as 0.5°/hr could go undectected.
(Specifically, the accuracy of this drift estimate is + .25°/hr.) PDI
occurs about l% hours after the AOT alignment, which means it is possi-
ble for pitch misalignments like 3/)+° to build up. That's sort of a
worst case kind of number, and to quote such a value will drive statis-
tically-minded people out of their gourds, but it helps me make a point.

b. Tolerable pitch misalignment at PDI to support a successful
landing is in the order of 1° assuming the landing radar comes in early
enough to compensate for the dispersions that have built up.
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c. Descent aborts become hazardous if the pitch misalignment at
PDI exceeds about 0.35°. (This number is being more accurately deter-
mined, but I'1l bet it comes out within 0.05° of that guess.) This is
assuming the worst abort situation, namely aborting at an altitude of
about 13,000 feet because no landing radar data has been accepted. If
we are willing to go beyond that point with no landing radar, the tol-
erable misalignment is smaller than that. The point is that the IMU
performance requirement to support descent aborts appears to be the
more constraining than to support descent itself and I think we all feel
that it is intolerable to continue descent beyond the point a safe abort
could be executed with the degraded PGNCS.

d. Since the AGS has to be aligned to the PGNCS prior to PDI, and
pitch misalignment in the PGNCS has an equal effect on the AGS. They
are not independent in this respect.

e. Given high bit rate telemetry, ground monitoring techniques
are adequate to detect an unacceptable IMJ misalignment within the
first two minutes of powered descent. Thus, the crew could be informed
and instructed to abort safely.

f. To abort a lunar landing mission, if it could have been saved
by improving procedures, is rather unacceptable.

‘Based on all that, we have two recommendations, either or both of
which should help the situation considerably.

The first is a proposal for a better docked PGNCS alignment suggested
by Bob White of MIT, which should allow us not only to detect a drift-
ing IMJ, but to update its compensation such that we may proceed with
a nominal mission. Detailed procedures development and performance
analysis is under way at this time. It will demand some modification
in the crew timeline during the LM activation and checkout period as
well as the implementation of a new RTCC and/or ACR computer program
and MCC procedures. The technique requires two spacecraft attitude
maneuvers. while in the docked configuration with the LM and CSM crew
similtaneously keying out CDU angles before and after each of these
attitude changes. All of this must be done after the IM IMJ has been
coarsely aligned as in the current flight plan. With this data, the
flight controllers can compute the LM IMU orientation and torquing
angles required. This technique is expected to be as good as an AOT
alignment. It does not require knowing the relative orientation of
the two navigation bases nor reading the docking ring index!

The other proposal involves making a drift check prior to PDI; it
requires no MCC participation. Considerable effort was given to
including an IMU alignment in the timeline but many of us have
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concluded the lighting conditions make it chancey at best. The only
place it fits in the timeline is from PDI - 30 to PDI - 15. This
period is almost perfectly centered around local high noon. Either
the sun or the moon is in the AOT field of wview for almost this
entire time, making use of stars almost impossible. Except the sun!
The nice thing about the sun is that it is certainly visible. Also
since the whole mission profile is keyed to lighting regardless to
landing site and month of the year, the sun will always be located
in the same place with respect to the IM. MIT has been asked to write
up a precise step by step procedure for doing this. Essentially it
consists of the following:

After entering the descent program (P63); the crew would accept
the option offered them to go into the alignment program (P52). They
would specify the sun as their Pirst "star". The LGC has the solar
ephermis and will control the spacecraft attitude to place the sun in
the center of the AOT. (The rear detent position should probably be
used to minimize attitude change unless we do PDI with windows up.)

The crew would readout the CDU gimbal angles to which the LGC is posi-
tioning the spacecraft; of particular interest is DSKY register No. 2 -
the y-axis. The crew would then take over attitude control and cause
the sun to cross the AOT retical line in the pitch direction at which
time the actual spacecraft CDU angles would be keyed out on the DSKY.
The difference between this actual pitch CIU angle and the previously
noted predicted value is a direct indication of drift sinte the AOT
alignment one hour earlier. The mission rule would be: 1if indicated
misalignment is less than 0.25°, the nominal mission should be con-
tinued; if the indicated misalignment exceeds that value, PDI must be
delayed one rev, an AOT alignment would be performed two hours after
the previous one and the MCC would determine and update the PGNCS drift
compensation prior to LOS.

The value of the first recommendation is that it provides a chance to
detect and fix a problem without perturbing the nominal mission. [The
value of the second is that it allows detecting and fixing a problem
before PBI is attempted, although in the worse case it forces delay
of PDI one rev, which I am sure we are going to find is a highly
undesirable thing to do.

That in a million words-or-less is where we stand on this matter today.
We will continue our analysis and procedures development based on this.
One unfortunate fact is that if we adopt these proposals, they will

not have been tested on the F mission, but I think we would all be naive
if we thought we are not going to learn things on F that force us to

change the procedures anyway.
.
AS VN

Howard W. Tindall, Jr.

PA:BWT:js

2% j=



TO

FROM

SUBJECT:

2010308

CPTEIMAL FORSS NO- 10
MAY 1982 ED(TYON
asA FrMr (04 OFR) 01-108

UNITED STATES GOVERNMENT
M emordndum NASA Menned Spacecraft Center

See list attached DATE: May 28, 1969
69-PA-T-82A
PA/Chief, Apollo Data Priority Coordination

Descent, Lunar Surface, and Ascent Mission Techniques with the
H crew

On Mey 20 and 21 we reviewed Descent, Lunar Surface, and Ascent Mission
Techniques with the H crew (Pete Conrad and co.). This get together

had two major objectives - to tell the H crew how we think these things
should be done and conversely, for the first time to get a flight crew
reaction to the techniques since in the main, they have been firmed up
too late to review thoroughly with the G crew. In general, I think

we are in pretty good shape on this stuff although there are, of course,
the inevitable open items and questions we never seem able to rid our-
selves of completely.

It was interesting to note that the H crew seems desirous of cutting

back some of the activities the G crew considered worthwhile. There

are also obvious philosophical differences in their attitude regarding

the use of the automatic systems vs. a more manual mode. Conrad seems
mich more inclined to stay with the automatic system longer than Armstrong
as well as insisting that they work. For example, he does not propose

to contibue in the face of no landing radar data, whereas Neil apparently
feels he can substitute visual data for it. Some other interesting
examples are:

a. Pete would like to drop out all the visual observations of the
lunar surface, both before and after PDI including the LFD altitude
checks.

b. Pete would like to substitute a landing radar altitude check
prior to PDI.

c. Pete wants to do PDI face up. (Hallelujah baby!)

d. Pete also wants to drop the crew voice report of their estimate
of where they actually landed.

It might be worth reporting some other interesting things resulting
from our discussion:

a. We probably ought to add in some sort of AGS drift check pre-PDI
after the PGNCS alignment check using the sun.
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b. There is still a controversy over when we should switch to the
AGS. Some feel it should be done only if the PGNCS is degraded to a
point where it can't make a safe orbit; others feel we should switch-
over as soon as it is certain the AGS will do a significantly better
job than the PGNCS.

c. The decision has been firmly made that the crew will not manually
backup the automatic landing radar antenna position switch.

d. There is still some work to be done in establishing procedures
in the event the GDA failure light comes on late in descent. ZEarly
in descent, I think everyone agrees the crew must await secondary cues
before deactivating the GDA. There may be some advantage to immediately
turning it off if the light comes on late in descent in that it may be
possible to complete the landing using RCS attitude control only.

e. It was suggested that some sort of VHF ranging check could be
done while the LM is on the lunar surface, perhaps during the last over-
pass prior to LM ascent or even during the ascent itself. We will have
to look into this to see if it is practical and useful.

Given the longer lunar stay of the H mission, it is clear the guidance
system must be turned off to conserve electrical power. This has obvious
implications on how the system should be used just after landing and

just before lift-off. We have also decided to throw out the simlated
countdown for lift-off at the end of the first CSM rev. As a result of
these and other things, I have asked TRW to revise the Lunar Surface
Mission Techniques and we will review them with everyone when they get

done.
i

Howard W. Tindall, Jr.
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MAY 1982 EDITION
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UNITED STATES GOVERNMENT
M emO r(l ndum NASA Manned Spacecraft Center

See list attached DATE: May 29, 1969
69-PA-T-83A
PA/Chief, Apollo Data Priority Coordination

DPS low level propellant light

During our final review of the Descent Mission Techniques on May 28,
GAEC presented a comprehensive review of the low level DPS propellant
light - its operation and accuracy. The most significant piece of
information coming from this was that we are assured of about 98
seconds more DPS operation at the hover thrust level after the light
comes on. An uncertainty of about four seconds is included in that
number thereby making it the "worst" case. Note that this is quite

a bit smaller than numbers quoted in the past.

We are proposing the following technique. The crew should commit

to landing or else they should abort one minute after the low level
light comes on. That is, the descent is continued in a normal manner
for one minute after the light, at which time the crew must decide
that they can assuredly land or they should abort right then. By
aborting right then they have approximately eight to ten seconds of
DPS capability remaining at full thrust prior to propellant depletion.
Selection of one minute as the go/no go point came about based on an
intuitive feeling that approximately eight to ten seconds of DPS
thrusting is a reasonable minimum to get the LM the hell out of there
coupled with the operational simplicity of keeping track of a integer
minute during this busy and exciting time. It should be emphasized
that time since the low level light should be the primary cue and would
require no secondary cue provided the light is not malfunctioning and
the crew noted the time it came on. In that event, of course, they
mst use the backup system - namely the more critical propellant tank
gauge indication of three percent remaining as their cut-off time for

making the go/no go decision.
\\
-h*:LAL&L)CLJbg:lsL\:)\{ L

Howard W. Tindall, Jr.
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TO : See list attached DATE: June 4, 1969
69-PA~-T-84A

FROM . : PA/Chief, Apollo Data Priority Coordination

SUBJECT: G Rendezvous Navigation OJT is proposed

CMP Mike Collins called the other day to ask if there is any reason
why he should not do active rendezvous navigation between DOI and FDI
on the G mission. That is, he would like to run P20 incorporating
sextant and VHF ranging data to update the LM state vector in the
CMC. His primary purpose is to get some on-the-job training (OJT)
before he has to do it for real during the upcoming rendezvous. You
recall, this was in the F Flight Plan and I assume John Young did
it, although I'm not sure. I told him that I knew of no reason why
he shouldn't and I have asked several other experts who agree. I
also suggested to Mike that he contact John personally to get any
pertinent F mission feedback.

This memo is to inform you that this activity will be included in
the G mission timeline unless somebody comes up with a wvalid

objection. Do you have one?
»T

Howard W. Tindall, Jr.

PA:HWT:js
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