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Sixth "C" Mission Rendezvous Mission Technigues meeting

1. This March 1 meeting conflicted with the President's speech but a few
of us dedicated jokers pressed on as follows.

“. It had been stated that all "C" migsion SPS burns would be performed
‘n a heads down attitude (that is, 180° roll). This presents a problem

on one or two of the SPS burns in the rendezvous sequence--NCC. and maybe
.0C, -=since to constrain ourselves in that way would make it imMpossible

to do the final sextant/star burn attitude check,. These burns are
cypected to be within 157 radial which makes heads up/heads down rather
meaningless anyway, except for the FDAI 8-ball presentation. Phil Shaffer
checked with Tom Stafford and got agreement that the attitude check was of
more value than the stsandard 1807 roll indication. Accordingly, it is our
plan to make NCC. and HCC, (if it is downward) in a heads up attitude and
include the sextant/star check in the sequence,

5. As reported in the last meeting's minutes it is our proposal that if
a platform failure is detected Jjust pricr to NCC it will be necessary
Lo delay the rendezvous exercise a day. This }1ng does not necegsarily
apply to the PNGCS attitude tests prior to NCC, and NSR since after NCC
has been performed we are committed to the rendezvous exercise, Accord}
ingly, if we can assume the GDC 1s aligned we probably should press on
with the rendezvous using the SCS, at least through N002 and NSR.

L, Apparently, consideration is being given by somecne to extending the
launch window, In particular, it is apparently being proposed to launch
carlier in the day. It appears to us that to launch prior to local noon

would preclude making a platform elignment between NCC_, and NSR. This

alignment is thoupght to be essential for terminal phase. Accordingly,

ve would like to request that very serious attention be given to this

. matter prior to dhoos:ng a launch time earlier than currently planned.

. An item came up concerning real time selection of the elevation angle
to he utilized in determining TPI time. As you recall, it is intended

to utilize the elevation angle option in the TPI targeting processors
such that if everything works properly TPI will occur when the line-of-
cight to the target vehicle coincides with the maneuver thrust vector
(zpacecraft x-axis). According to Ed Lineberry, if dispersions in the

By 1.8, Savings Bonds Regnlarly on the Payroll Savings Plan
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vrsdectory are not taken into aceount in designating this elevation angle,
the thrust direction at TPI will be substantially off the line-of-sight.
The elevation angle adjustment should be less than %O. Apparently, the
RTCC/MCC is capable of determining the optimum value by means of manual
iteration. Since the effect of this on crew TPI backup charts may be
unacceptable, FCSD was given the action item of checking into that.

Another action item assigned the FCSD' was to establish which was more
mrortant--«lishting conditions during the braking maneuver or thrust
fecier coineident with the line-of-sight at TPI. If the lighting condit.ons
s uhe more critical, 1t may be necessary to include a decision point in
rux operallons to assure proper lighting at braking by not allowing the
I time to nlip more than some specified amount---probably about 10 ninutes.

I ithe TPT time based on the elevation angle option slips too much the crew
would have to utilize the TPT "time option" for targeting. Obviously, the
decizlon weuld have to be made onboard the spacecraft after sextant data

nad been incorporated into the PNGCS .

i
1
i
1
i
i
i
;
i
f

{+ There have been a number of comments regarding the TPI backup charts
and thelr usefulness on the "C" and "D" missions. At the next meeting,
aurrently scheduled at 1:00 pome on March 8, we will review this subject
o try Lo establish the role of the PNGCS, MSFN and backup charts for
the TPT manenver, The primary questions to be answered are: shall there
even be TPI backup charts, and if there are, should they or the MSFN
momputation for TPI be used in the event of a PNGCS failure. It is
wvident that in either case the subsequent midcourse correction will have

“0o ve based on charts, since the MSFN has no capability for computing that

ward W, Tindall, Jr.

Adaressees:
(8ce attached 1list)
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PA/Chief, Apollo Data Priority Coordination
"¢" rendezvous open item clean up

1. Paul Kramer, Phil Shaffer, Duane Mosel, Ed Lineberry, and mysel~”
spent the morning of May 7 trying to close out major open items
remaining on the "C" mission rendezvous, These items were:

a. How to handle an excessive slip in TPI time.

b. What kind of cross checking and backup modes should be used for
the TPI maneuver.

This memorandum briefly summarizes the results of our discussion.
2, First of all, let me point out that without radar, it is important

that the CSM does not approach the S-IVB while in darkness since range
information is only obtained visually. Also, the sun must not be too

" near the line-of-sight - i.e., in back of the CSM - during braking Tor

o
the same reason. These two constraints can be used to establish a "window"

of acceptable TPI times to provide optimum lighting during the braking
vhase,

a. At this meeting we concluded that it is still best to locate IFI
at the midpoint of darkness nominally.

b. In addition, we have specified that tolerable slip in TPI tlme
ig from 12 minutes early to 18 minutes late about that nominal time.
That is, if the onboard solution for TPI time, based on the Cirst sextant
rendezvous tracking period following NSR falls within that period, no
steps will be taken to change it. (It is currently estimated that the 37
uncertainty of the onboard computation of TPL time at that peint in the
mission is 4 minutes. Exceeding the bounds listed above by L4 minutes is
not unacceptable.)

c. On the other hand, if the predicted TPI time slips earlier %Shan 12
minutes or later than 18 minutes, the TPI elevation angle 1ill be adjusted
as necessary to bring the TPI time back to the closest bouad. This is done
as follows. Let us assume that at the end of the first tracking period the
TPI time is found to be more than 12 minutes early by haviag run throush the
TPI program (P34) using the "elevation angle option.” P34 would be reecalled
using the "TPT time option" and the erew will input a TPI tim2 exactly 12




TO

FROM

SUBJECT:

CAS (P K opry

OPTIONAL FORM NO. 10
MAY 1882 EDITION
GSA FPMR (41 CER) 101-11.6

UNITED STATES GOVERNMENT

Memorandum
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68-PA~T-1384
PA/Chief, Apollo Data Priority Coordination

"0" Rendezvous WeMatbrix

This memorandum is Lo inform everyone in writing that MIT has now
agreed with MPAD that it is acceptable to use the same values of
the W-Matrix when reinitializing (after three marks of the last
batch of marks between NSR and PTI) as are used initially. That
ls, 1t 1s not necessaxry for the crew to punch new values into the
DOKY - a clumsy procedure everyone wanted to delete if possible,
I think Paul Pixley is to be commended for finally getting MIT's
agreement to this crew orocedure simplification.

The actual values to oce used initially - that is, the pre-launch
erasable load values - have not been finally agreed to yet, but

that will not affect the crew procedures. Today's best gucss is
1000 feelt and 1 fps,

It is recommended tnat the flight crew and those responsible for

documenting crew procsdures, etc. adopt this mission techniques
immediately. I have already told most of those concerned by the

Don Ameche, .

Howard W. Tindall, Jr,

Addressees:
(See 1ist attached)

FAIWTIindall, Jdr.:js
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TO . See list attached pate: JUL 9 1968

68-PA-T-153A
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: Good news on "C" mission SPS burns

The following is a verbatum copy of a note to me from Rick Nobles

(MPAD). I thought it worth distributing.

"The cross axis velocity errors resulting from SPS mistrim
(CSM alone) will be about one half of what was previously anticinated.
The reduction in error is due to the new DAP filter constants that
the G&CD is recommending for the "C" mission erasable load. The orly
adverse effect is the mission Planning that has been done to date.”

oV

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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TO . See list attached . paTE: JUL 231508
68-PA-T-162A

FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: "'C" Mission Retrofire and Reentry Mission Techniques meeting

On Friday morning, July 19, we had a "C" Mission Retrofire and Reentry
Mission Technicues meeting to clean up some open items. It is evident
that a distribution of correction pages to our previously distributed
Mission Techniques document will be inadecquate and it is our current
rlan €o republish the whole book. Some of the most significant items
resolved at this meeting are described in this memo.

l. It has been established that the G&N guidance system will be
used in the event of a hybrid RCS deorbit. (A hybrid deorbit is onc
in which both the command module and service module RCS jets are used. )
The retrofire will be targeted for a half.lift reentry.

2, It has heen established that the G&N is mendatory for perforring
a hyorid deorbit; thus, 1f the G&N has failed and the service module
RCS remaining has fallen below the return-line limits, the only remaining
system for retrofire is SPS using SCS control. Accordingly, there is &
mission rule that retrofire will be performed to land in fthe next hest
planned recovery ares (PL4).

3. It has been established that if insufficient time is availablie
Tor a fine alignmeni prior to retrofire, the G&N will be used with a
coarse allgnment if tnat can be done. Current estimate is that a
coarse alignment will be to within 20 on all sxis, which can result
in as much as a 30 mile landing point miss.

%, In the absence of response to our request for better numbers,
we have established the following limits beycnd which the G&E will e
declared No Go for reeatry and the backup system will be used. The
DEXY VG displays must be within 1 fps and the gimbal angies must be
within 19, Guidance and Control Division and MIT people please pay
particular note.

5. Apparently the procedure has been established that command
module separation from the service module will be performed following
retrofire while still in the SPS thrust program (P4O). This is %o

Buy U.S. Savings Bonds Reguiarly on the Payroll Savings Plan
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TO :  See list attached . pate: JUL 231508
68~PA-T-1624

FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: "C" Mission Retrofire and Reentry Mission Techniques meeting

On Friday morning, July 19, we had a "C" Mission Retrofire and Reentry
Migsgion Techunlgues meeting to clean up some open items. It is evident
that a distribution of correction pages to our previously distributed
Mission Technicues document will be inadequate and it is our currert
plan to republish the whole book. Some of the most significant items
resolved at this meeting are described in this memo.

L. It has been established that the G&IN guidance system will be
used in the event of a hybrid RCS deorbit. (A hybrid deorbit is one
in which both the command module and service module RCS jets are used. )
The retrofire will be targeted for a half-1ift reentry.

2. It has been established that the G&N is mandatory for performing
a hybrid deorbit; thus, if the G&N has failed and the service module
RCS remaining has fallen below the return-line limits, the only remaining
system for retrofire is SPS using SCS control. Accordingly, there is =&
mission rule that retrofire will be performed to land in the next best
planned recovery ares (PLA).

3. It has been established that if insufficient time is available
for a fine alignment prior to retrofire, the G&N will be used with a
coarse alignment if that can be done. Current estimate is that a
coarse alignment will be to within 2° on all axis, which can result
in as much as a 30 mile landing point miss.

4. 1In the absence of response to our request for better muscers,
we have established tne following limits beyond which the G&N will be
declared No Go for resntry and the backup system will be used. The
DEKY VG displays must be within 1 fps and the gimbal angles must be
within 1°. Guidance and Control Division and MIT people please pay
particular note.

5. Apparently the procedure has been establisned that command
module separation from the service module will be performed following
retrofire while still in the SPS thrust program (P4C). This is %o

Buy U.5. Savinrs Bonds Reeularlv on vhe Pavroll Savings Plan



keep Average G on during the separation maneuver witnout having o
walt one minute as the entry programs are currently coded. The entry
programs (P61, P62, etc.) will be sequenced after separation. Thus,
these programs are being used in a completely different way than they
were designed.,

6. IMU PIPA and gyro drift compensation values are monitored con-

tinuously by MCC-H. It has been established that if th% values curren tly
loaded in the G&N are in error by more than .003 ft/sec” and .OT5 /h:,

they will Dbe updated in the CMC.

Howard W. Tindall, dr.

PAHWTindall, Jr.:js

no
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TO : See list attached naTE: JHHL 2 43852

68-PA-T-16TA
FROM : PA/Chief, Apollo Date Priority Coordination

SUBJECT: July 19 "C" Rendezvous Mission Techniques meeting

-

g a'scusseé n our Friday, July 19 "o
5 meeting are nov of general Iinterest,
11

rés I would 1like to let you know about.

Although most of the thing
Rendezvous Mission Techaigu
there were a couple of tal

-

First of all, in an effort wo wedabe the probablility of havi ng to
mzxe the NCC2 maneuver, which would be an extra 8PS burn, it 3
been decided to trim tae NCCL AV residuals if they are leao Than

10 fps. In addition, the time of the NSR maneuver will be adjusted

in real time by as wm.ch as 30 seconds thereby changing the differ-
ential albitude. These two new things together should be adequate

to maintain the nominal TPI time, which is the primary objective ia
targeting these manevvers. The pominal differential altitude, you
recali, is about 7.8 n.m. and it was finally agreed that acceptable
targeting bounds are from 7 n.m. on the low side to 9 n.m. on the

high side., These ad usitment limits give us a capability of adjust-

ing TPT time by about 20 m'nutes to account Pfor dispersions. Using
these pz oce&urcs, it will only be necessary to make the NCC2 burn if we
encounter dispersions far in excess of those expected.,

U

Something eise which has been changed 1s that the elevation angle

at TPI 1s considered more sacred than any lighting limits at all and
snould be retained at the nominal wvalue at all cost even though the
so-called lignting limits are violated. Previously the elevation angle
was to be changed if the lighting limits could not bhe met.

Another important mission rule adopted now is that the rendezvous exerclse
will be terminated 1f the G&N falls prior to NSR, and probably will e
terminated any time the C&N fails. This is to conserve SM RCS and permit
flying a full duraticn mission. ‘

The changzs to the wmission. techniques are relatively minor and it is

probable that it will not be necessary to reissue the entire document.
Rather than that, we will probably distribute change pages of soume sort.

o LN

Howard W. Tindall, Jr.

PAHWTindall, Jr.:js
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TO ! See list attached DATE: October 16, 1968

68-PA-T-222A
FROM @ PA/Chief, Apollo Data Priority Coordination

SUBJECT: C' maneuvers - SBS 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 (Ctis Graf, FM7) this makes the crossover point
between use of the RCS versus the SPS engine:

Translunar midcourse correction - 5 fps

Pransearth 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

to start using them in his Planning.
/%,.f

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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See list attached DATE: December 6, 1963

68-PA-T-266A
PA/Chief, Apollc Data Priority Coordination

¢! Abort Maneuver Overburn Monitoring

In response to a C' Mission Techniques action item, Rick Nobles
informs me that they have established the burn monitoring procedure
to guard against overburn during any non-nominal C' maneuver. As a
standard procedure the crew should manuslly shut down the SPS as soon
a8 the duration of the burn exceeds the nominal value by cne percent
gnd the EMS [&V Counter indicates an overburn of one percent over 1ts

. nomipal reading., The nominal value of burn time and AV Counter

reading are included in the PAD messages and block data relayed from
the MCC-E for all abort maneuvers. (Current Mission Techniques
Documentation reflects this procedure;) It is to be emphasized that
this overburn monitoring procedure is only for the non-nominal manesuvers
and does not apply to TLIL, LOI, and TEI for which specific techniques

have been developed.
4
(L

Howard W. Tindsell, Jr.

PA:HWTindall, Jr.:js

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



SUIUT Lur

]
£
z
Q
-
-4
Q

Y

-

[ S

e
St~

e

o

S

[ PO O3

[

RN

]
4

[

£
(@]
=g}
)
— O
2 G
FE
n o
n
Q Z
[SF G
1
[OE]
1
]
a
=@
N M
]
jfe]
|
]
o o
o A
&)
[ER &
1
o w
; °
I =
o] o
9] m
<
L. “Vu
e o
| 5
S
O .
-1
! 3
, 7
5 - z
& o
)
O .
_.‘M O
‘C o
IS mw
0]
]
|m
£
Bl
2
£
O
g
&R
s )

< g
1S

and

Ty

rooer -

o)
i

Yormtral

®

~
=

ny
.
(9
~
ot
© m
'S
(S
1
(O
xom
@ &
42 O
=
[ORn]
3 [}
I
Q G
+3 w,um.
S
w ol
[
(@]
42
93]
L]
S
el
Yy
o
o
]
wd
abogd
af B4
2
o
o 4 2
ﬁ n
5o
-]
[N
2 G
i
193
o2
oo

GArTs

oacikan C

ARy

-

G

solut

- OUTENT
i N

)
ol
Q)
e

[
QL

o]

B
oo
O 3
o0
joTErs]

e
a g
(O]

By

2 M
@

=]

s0n

"PET L

Lea)

co

7

fi

he at each iz

ely

hle.

=

cCent

ve a
maxe

>

REXT

(e hIaTATed
i

e

1

.
o

(RS

-

NELvVe

TLe

ey
[S2 I £4

ed

<t

e
i v




o

ws

',A/‘.7;*1'“

v
RHCS i SR,

u‘(-
12 not, <re command mc
: Tgnition,

vers

€3
vectors'ln the LGC using

6. T would like to present here the rationale for making
module actlve TOf WPT ard midecourse when only the PLHQEVVO
174 The it n essuring ourseslves

rrection suosequent to
the Dbr:
bo do. The wr

maintain a closed LcoT

couree

rse, 1s that siace
viewling the command module against o 3iar
s much betier position To Ao the Draks

Je would prefer 1o save CSM fuel where

aayant age
a3 possible in
7T for which of plar
i out, On the other hand, for thne LM To
e a gweat deali of ccordination and

crews in regi TL which i1s undesirabl
to-pregare proc eﬁ'res anc training for this




e
o

peliev

o]

9

8l

V's using
.

80}

rarn

in

ca

jo}
o

clin

L

del
or
Ly the’

HKecuoe
V »ro

b

1e;

o
<
Y

O

icnzle
L

[

N
nen

T

Cov

o4
Tae

e

Wou.LG
s

1
Lex

[

miccourse

the

T
(o3

E
tl

Ii
Tresen

Loan

.l

:
Ll

<O

or TP

i

Lon
G
iy

mor
N
o
.
A
HE
-
.

-

o}
O

owi

a
11
&

ot
—_— e
CULLV

D %

wWou.Ld

o

TN
Voo
=0

1

Aih et b

ey

<
Ny
(NS

urselves Tx
& midcoumse ¢

z 0
ol

A
Ter

bl

cC

ne

crs In t

w

v
i

1

P

C

e
g

e
'
L

O,
Pt

T C

al oz

eat de
ire

e qu

g
wourld

=3
=1

ST
VL




1=

G gm e el -
that the com

D U
TO S LeT ONROoWI cluitions

©
tv and so they will not be aval

SCTENVLUY i

} W
v LI W

. ey

- PSR

e

P
LG LB

¢ progrim

L et - o= e o - o~
the thrae ae lergest
N [
since Lhere

mecting we will review a1l tnis &anc

e Tecnnicus

v e, We should then rﬂcbdb_y 2 oply Th
"peendo-TPI" maneuver whlch occurs ha.
“reludGing speciael consiceratlons 58

-

.0
o not really invend to execule,

iy
v}




is]
C*‘,

€

18]
O

42

l1cLar

0

reve

(@]

2]
=
i
M
o

Je

*
=

7

B

neber

. Co Li

in)

I3

fifler

Shre

©

b

i

o

T
Lvr

H
A

a3

ope

CNED

U2

>/

4

[REALS]

Fhstelinels)



FROM

SUBJECT:

-~
MAY 1962 EOIYION / . - -

GoA GUN, REUG, NO. IT / <

UNITED STATES GOVERNMENT

Memorandum

N

3 i, . -
] P i . -
GFTIONAL FOMM NG 10 se10-107 £ /" / // /e R

1e 1 5 e

Sen list below DATE:{ﬂAR 15 1552
CO-PL-T-52t

PA/Chief, Apollo Data Priority Coordination

Seventh "D" Mission Rendezvous Mission Technicues meeting

1. The "D" Rendezvous Mission Technigues meeting of Merca 10 wz:z zrooztly

cne of the least productive so far, and I sincerely apologize For It. I

rust have been tired or something. Even so, with all that talent prezezz,

there must ve something worthwhile reporting.

2. At one of our earlier meetings we tentatively established iz
alignments would be performed by both vehicles during each perio
throughout the rendezvous exercise. Paul Pixley (MEAD) Dresente
at this meeting which ”howed that from a rendezvous *'V:ga wl

CSM—--&dflng platform alignment hurts us more than a lLutLe
Accordingly, it is their proposal that platform alignmentis oxiy T
prior o the separation burn which initiates the football rencez-
beginning and in the darkness period shared by the psuedo-TPI wr
is above the command module. This applies to both the LM and the
someone has reason for disagreeing with this, their recommendati
and all further work should be based upon it.

3] d @

..
.
v -

3., In response to an action item from the very first meeting, ttt Orziz=l

Mission Analysis Branch {formerly the Rendezvous Arm lysis Brench) rstortsd

tneir progress on developing tecnnigues for insuring proser station covere <
and lighting conditions during the rendezvous exercise in spite of <
perturcaticns earlier in the mission. The most significant of thz:ze
perturbations, of course, is failure to launch on time. As & resuls
their work, it is anticipated they will recommend selection of an ezr_i=r
nominal launcn time and change in direction of the SPS engins t
in the mission so that the spacecraft will nominally fly in a &
during the period between them. In addition, it will probably

that these big SPS burns be separated in time by approxinately
of occurring within the same pericd of activity. f these things
it will be possible to compensate for 1lift off time delays by ce
horizontal, in-plane component of these SPS burns in real time su
spacecraflt does not go to such a high altitude, thereby shorteninz =
orbital period during that period. The 1mplementat¢oq to carry ou: t;::e:i:;
of these maneuvers in real time may utilize the rendezvous missicn =l
tools in the RTCC that are already available. Their proposed aprrez
be to modify the SPS burns using the Gemini Agena maneuver logic o
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AN

s wrmeceraft to rendezvoun with a phantom target, The prhanion Taroot
vl owhere the spacecraft would nazve been if it nad been lzuntnst an
+me and had followed the nominal mzneuver secguence, I hiz ennl

I
proves to be as reasonable as it seems to be now, chang
mission plan noted above will be processed through the IFOZ Ty Morri:
Jenkins.

4, I just reread that last paragraph and it sounds like I'm still zslies:

Does it make sense to you?
//

Howard W. Tféé;ll, Jr.

Enclosure
List of attendees

Addressees:
(See attached list)
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UNITED STATES GOVERNMENT

Memorandum

: See list below pate: JUN 2 51968

68-PA-T-13TA

: PA/Chief, Apollo Data Priority Coordination

"D" Rendezvous Mission Techniques Ground Rules, Working Agreements,
and other things

On June 1l we cranked up the "D" Rendezvous Mission Techniques
activities again. It was a grueling profitable day. In fact, we
had such a good time we've scheduled another one for July 12.

Prior to the meeting I distributed a list of working agreements 1
thought we had reached previously. The crew presented another list
dealing primarily with the docked IM activation/mini-football period
based on a lot of planning and simulations 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
ligt is attached and we can review it July 12. The last section lists
some major discussion items stlll 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.

Yo Qo) e

Howard W. Tindall, Jr.

Enclosures 3
Addressees:

(See list attached)
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June 18, 1968

"D" MISSTON RENDEZVOUS GROUND RULES WORKING AGREEMENTS
AND THINGS LIKE THAT

1. General

a., The reference trajectory is that provided by MPAD dated June 7
1968,

b. Nomenclature for the burn sequence following undocking is:

(1) RCS Separation

(2) Phasing

(3) 1Insertion

(4) TPI - If abort from football

(o]
(5) cs1y
(6) CDH,
(1) TPL, - If abort from lst bubble
(8) CSI,
(9) CDH,
(10) TPL,
(11) TPF

¢. The rendezvous will be run throughout with the vehicle roll angles T
Oo. The only exception to this is the RCS Separation burn where the CSM roll
is 1800. A 180O roll will be performed by the CSM immediately prior to or
during the IMJ alignment following the RCS Separation burn. {(i.e., TPI from
above will be initiated "heads down" and TPI from below will be initiated
"heads up" for either vehicle.)

d. LM and CSM state vectors time tagged 12 minuted before RCS Separstion
are uplinked_to the CMC and LGC pricr to undocking. State vectors_are not
sent to either vehicle again until lmmediately after TPIl, when the rendezvous
navigation problem is reinitialized. At that time, state vectors are sent

for both spacecraft and to both computers. IMU alignments will also he made

at these points in the exercise and take precedence over the state vector

Fneinsure 2



updates if timeline conflicts develop.

e. On both spacecraft all rendezvous navigation will be carried ocut to
update the IM state vector. That is, the IM radar data would be used to
update the LM state vector in the LGC and the CSM sextant data would be used
to update the LM state vector in the CMC.

7. The CMC's LM state vecbtor will be updated after each LM maneuver
with the R-32 TargetAV routine using the preburn values as determined in
thé IM's pre-thrust program.

r.  The AGS should be maintained in that state which makes it most use-
ful to perform the rendezvous in the event of PGNCS failure. If, after having
established the preferred techniques in accordance with that ground rule,
it i=z possible to include some AGS systems tests without Jeopardizing crew
safety or other mission objectives, they would be considered.

h. The state vectors in the AGS will be updated each time PGNCS is
confirmed to be acceptable. This will likely be at each time it is
committed to make the next maneuver using the PONCS except perhaps TPI.

i. AGC alignments will be made each time the PGNCS is realigned and
each time the state vector in the AGS is updated Ffrom the PGNCS.

J. If PGNCS, RR, or G&N fails, the rendezvous is terminated at the next
TPI cpportunity.

k. The AGS is not mandatory for the rendezvous exercise. That is, if it

fails prior to or during this mission phase, the exercise shall continue.

2. Frior to Undocking

a. The crew will synchronize the CMC clock as precisely as possible
utilizing information voiced from the grouml. The crew will provide initial
synchronization of the LGC to the CMC clock. The ground will provide the

necessary information by voice for fine syhchronization of the LEC clock.



This supercedes the mission rule which specifies resynchronization of a
spacecralt clock only whenever it disagrees with the ground reference by more

than 0.5 seconds.

b. The LM Rendezvous REFSMMAT is that of a "nominal" alignment for

T (align) = TIG (5[?12). Tt will be uplinked from the ground.

c. The CSM Rendezvous REFSMMAT is defined by a stable member orientaticn

where:

CSM = Z IM

>4l

CSM = Y IM

|

Z CSM = -X IM

d. Prior to undocking,the CSM will maneuver the docked vehicles to
an inertial attitude such that with no further attitude maneuvering the
CSM will be oriented approximately 180, O, O (roll, piteh, yaw) with respect
to the local vertical frame at the time of the RCS Separation. The difference
between the exact local vertical attitude and 180, O, C is due to the regression
of the line of modes from TIG (RCS Separation) to TIG (TPlg), and the fact
that the CSM REFSMMAT is nominal at TPL,. |

e. Prior to undocking, but following the CSM attitude maneuver to RCS
Separation attitude, the LM IMU will be aligned to the CM IMU using the docked
alignment procedure which takes advantage of a known CSM inertial attitude and
known CSM/IM geometry (with account of the docking ring angle AP being taken)
to coarse align the IM IMU to the inertial frame. The CSM and LM glmbal angles
are then compared directly (wia V16N20) and coarse align and attitude dead
banding errors are removed by direct torquing of the IM TMU gyros via the fine

align routine (Vh1).



f. The formula used for docked alipnment with identical REFSMMATS 1s:

il

0GA,, = (300 A - OCA oy
TGA,\, = TGA,, + 180

MGA = ~MGA

Where[&¢ i1s the docking ring angle.

I

g. The Tformula used for decked alignment where the stable members are

oriented;:

<
1i
-

LM CM

N
1l
i

M CM

is:

Il

(300 -Ag) - oca

OGAL

IGALM = IGACM + 90

MGALM = MGACM =0

CM

This 1s a special formula only valid where the CM MCA = 0. This set of

equations will be used for the IM alignment prior to undocking,

3. Undocking, station keeping and IM inspection

a. Undocking will take place 15 minutes pricr to the RCS Separation burn
with the CSM oriented to the inertial attitude for that burn. Average ¢ will
not be on in either vehicle during the undocking or station keeping phase,
This will preserve the relative state vectors until average G comes on in the
CSM 30 seconds prior to RCS Separation.

b. TFollowing undocking, the CSM will meintain attitude and will be
responsible for station keeping. The IM will yaw right lEOO and pitch up

o .
90" placing the two spacecraft "nose-to-nose." (crewmen "nose~to-nose" }

PN
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¢. The IM will yaw through 360° (w1/sec) permitting the CSM to conduct
a visual inspection of the landing gear and IM structure.
d. After completion of 3¢, the IM assumes the station keeping task while

the CSM prepares for RCS separation.

4., TRCS Separation and Mini-football

a. The configuration of the spacecraft at the RCS Separation burn will
be LM leading the CSM, both heads down facing each other with zero relative
velocity. (Orbit rate FDAI'S - LM: 0, 180, 0 - ¢csM: 180, 0, 0). (FDAI
total attitude is read iﬁ the corder roll, pitch, yaw; IMU gimbal angles are
read in the order outer, inner, middle).

b. The CSM will execute a 1 FPS radial inward burn for the RCS
Separation burn; i.e., the CSM will burn 1 FPS -Z (body). This burn will
employ the P-30, P-h1 seguence. IM uses R-32 to update CSM state vector in
the LGC.

c. On entering darkness after the RCS Separation both spacecraft will
perform REFSMMAT IMU alignments,

d. The LM COAS will be calibrated during the mini-football and will not

be moved again after that.

" 5. Phasing Maneuver

a. Phasing targeting is established pre-flight.
b. The phasing burn will be executed under AGS control with PGNCS
monitoring. The throttle will be set at 10% for 15 seconds at which time it
will be advanced crisply to approximately 40% and left there til auto-cutoff. The

PGNCS residual velocities will be burned to zero by use of programs 30 and 40,



¢. The horizon is used as a burn attitude check prior to the phasing
burn when AGS is under control. The ground supplies the LPD pitch angle for
this check.

6. TPI,

a. I PGNCS, rendezvous radar, or CSM G&N fails prior to insertion but
after phasing, TPIO is performed. As a standard operating procedure during
the football rendezvous, the IM and CSM should both be targeted and prepared
to execute the TPI if an abort is necessary. If the failure is LM PGNCS, AGS
is used for executing TPL. A 130O transfer angle shall be used Tor aborts

from the football rendezvous. (See action item 5)

T. Insertion Maneuver

Preflight targeting will not be used for this maneuver. The ground
procedures for determining the insertion maneuver are as follows: The Mcc/
RTCC will utilize the two-impulse logic (NCC/NSR combination) to achieve
the proper differential altitude. The computed value of the NCC mancuver
will be used as the insertion maneuver. The NSR will be forced to oceur
at apogee even if station coverage will not be available there for this

(CDH. ) maneuver.

1)

8. (SI. and CDHl

1,2 ,2
a. As a nominal procedure, the command module will be targeted with
"mirror image" maneuvers to be executed with a one minute time delay in the

event the IM is unable to maneuver. Some biases will be added (See action

item No. 4)



b. In the event the IM has performed an ullage maneuver prior to a
main engine failure, the LM will remove that [XV to maintain correct targeting
of the CS5M mirror image burn.

c. LM PGNCS IANrsolutions will be compared with the ground. TIf the
solutions agree, the PGNCS solution will be burned. There will not be
comparisons with AGS, charts, or CSM.

d. In the event the ground sclution is to be used, it will be executed
using the AGS which has been targeted with the MSFN solution as a standard
procedure. The externallxv mode is used.

e. No radar data shall be input into the AGS prior to CSI and CDH.

f. There will not be any backup charts used for CSI The IM shall

1,2°
have backup charts for CDH and TPI. The command module pilot will be unable to
compute onboard chart solutions for TPIL due to the press of other activity

and so they will not be available as a data source.

9. TPI
0,1,2

a. If the IM PGNCS is working but rendezvous radar has failed, no
external data will be input to the spacecraft systems----PGNCS, AGS or
charts., In this case, the command module executes the TPI and subsequent
midcourse correction maneuvers and the IM does the braking maneuver if
visibility permits. However, the command module, of course, must compare
its TPI solution with the MSFN and that comparison must be favorable. (If
not, see 10b) The command module would voice relay to the LM the maneuvers
it has executed in order that the IM crew could update the command module state

vector in the LGC using the target [&V program.
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b, If the LM PGNCS has failed but the RR is working, compare the onboard
chart solution for TPI with the MSFN. If the comparison is Tavorable, execute
the chart solution and, if not, use the MSFN AV's executed at a time determined

onboarc. the spacecraft. The maneuver would be made using the AGS external [kV

mode.

10. Tor Discussion

a. CDHl 5

—_—
If LM PGNCS/MSFN comparison shows disagreement,shall a LM chart/
MSFN ccmparison be made and used if favorable or shall the ground solution
be burned regardless of the chart soluticns?
b. If both RR and CSM G&N have failed, shall the IM perform TPI using
chart solution or what?
¢, G&D has recommended in their memo, EG21-M-59-68-376, that the AGS
be used in the following manner on the "D" Rendezvous:
(1) Align and initialize the AGS to the PGNCS after each PGNCS
alignment.
(2) Perform AGS targeting for all real and pseudo-burns using the
onboard solution. Ixecute the burns with PGNCS,'unless PGNCS has failed.
(3) Perform an accelerometer calibration before each real and pseudo-
burn.
(4) Perform gyro calibrations in sufficient number (at least four
times over a two-hour period) to verify the technique.
(5) Perform at least one AOT or COAS alignment of the AGS, preferably

AOT.
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(6) Update the AGS with the RR ncar the sccond TPI burn.

(7) 1In the event of a PGNCS failure during the second rendezvous
sequence, compare the AGS solutions with either charts or MSFN and execute
the burns with the AGS if there is reasonable asgreement. The AGS should be
updated with the RR.

d. Review procedure and expected accuracy of the initial IM platform
drift test made while docked to the C3M.

e. Review Mission Control Center/crew pad message formats.



June 18, 1968

"D" RENDEZVOUS MISSION TECHNIQUES
ACTION ITEM LIST

(To be discussed at next meeting)

1. FCSD and MPAD will provide for review an ué-to—date rendezvous navigation
tracking schedule for both the TM and CSM.

2. MPAD to present the pre-rendezvous maneuver ground rules and techniques to
provide adequate lighting conditions and station coverage.,

3. MPAD to report on analysis regarding modification of the RCS Separation
burns to reduce probability of recontact due to small maneuver execution
dispersions.

L, MPAD to report on which mirror image maneuvers need be biased as well

as consequence of not doing so.

2. Crew will report results of simulator exercise regarding use of unstaged
LM in terminal phase rendezvous.

6. FCD to report on techniques for checking the rendezvous radar during

the mini-football and the football phase for purpose of go/no g0.

T. MPAD to report consequences of using the MSFN uplinked PGNCS CSI/CDH
targeting in the AGS for maneuver execution in the event of PGNCS failure.
That is, are the errors thus incurred acceptable?

8. FCSD will define limits of acceptable TPT time slippage beyond which
corrective action must be taken. Apparently, they will be based on (CSM
acti&e rendezvous lighting constraints.,

9. MPAD to establish acceptable difference limits for use in comparison

of onboard vs MSFN rendezvous targeting (CSI, CDH, and TPI).
10. MIT to present recommended procedure for controlling the W-matrix by

crev input to the LGC and CMC.

Enclosure 3



11. MPAD to report results of their survey into the omnboard computation

of CDH execution time which has been showing a tendency to be late, IT

this persists, it will result in TPI time slip, excess RCS AV costs, and
difficulty in solution comparison.

12. FCD will report on acceptability of onboard PGNCS accelerometer bias
determination while out of MSFN station coverage.

13. Rendezvous maneuver monitoring procedures will be reviewed for both
critical and non-critical rendezvous phase burns. Attitude, attitude rate,
and over and under speed limits will be established as well as the actions

to be taken if they are exceeded. This, in effect, encompasses the procedures

to be followed in the event of a partial burn.



TO

FROM

SUBJECT:

OPTIONAL FORM NO. 10

=MAY 1962 EDITION

GSA PPMR {41 CFR) 101-11.8

UNITED STATES GOVERNMENT

Memorandum

See list attached . pate: JUL 251968
68-PA-T-168A
PA/Chief, Apollo Data Priority Coordination

"D" Rendezvous

1. A great many things were discussed and resolved st the July 22
"D" Rendezvous Mission Techniques meeting. They will all be fully
recorded in the minutes. There were three items, however, I would
like to call particular attention to at this time by this memo.

2. In order to avoid any chance of recontact as a result of maneuver
dispersions in the CSM RCS separation maneuver which starts off the

"D" mission rendezvous, it was decided to increase its magnitude

from 1.0 to 2.5 fps. It will still be performed in a radial direction.
This was brought about when it was recognized that an error of about
0.4 fps in the horizcntal retrograde direction would result in
recontact after the tig phasing burn. Dispersions of that magnitude
could easily occur due to imperfect velocity nulling during station
keeping, G&N maneuver dispersions, spacecraft venting, etc.

3. It has been established that the elevation angle to be used by
hoth spacecr%ft in determining =1l TPI times - nominal and contingency =
will be 27.5 .

4, The out-of-plane component of the TPI maneuvers shall be targeting to
force a node at TPF rather than at the second midcourse correction
maneuver. This will also apply to the lunar rendezvous mission,

which the "D" was attempting to simulate in this respect. The change

is being made to simplify the crew timeline and procedures; it 1s felt

to be entirely adequate based on the recently adopted plans for handling
out-of-plane on the lunar rendezvous.

5. The above decisicns are considered Tirm and should be immediately
incorporated in all aspects of the Apollo Program to which they apply.
They will only be changed if there is a darned good reason - not just
to make things a little better!?

Nl

/

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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TO

FROM

SUBJECT:

OPTIONAL. PORM K. 10
MAY 1082 EDITION
GBA FPMRA (41 CPR) 101-11.8

UNITED STATES GOVERNMENT

Memorandum

See list attached DATE: JUL 2 6 1968
68-PA-T-1T24
PA/Chief, Apollo Data Priority Coordination

"D" Rendezvous Mission Techniques meeting of July 22

1. We cleaned up a lot of stuff at the subject meeting. Attached
are updated "Ground Rules, Working Agreements, and other things,’
and another list of open items to be discussed at our next meeting
currently scheduled for September 6, 1968, or whenever the crew is
available after that,

2, One facet of this business that hes become extremely critical
involves how to do rendezvous navigation! The tracking schedule
overwhelms and influences everything else the crew is doing. It

is essential that it be established immediately along with Wematrix
initialization procedures - whatever that is - taking into account

the rendezvous radar thermal control required, etc. If all this
changes much from that which has been assumed to be proper, crew
training - among other things - will be severely Iimpacted. Accord-
ingly, a Rendezvous Navigation Mission Techniques Panel is being
established to concentrate on this and get it all squared away., I
have attached to this memo a "charter" which explains exactly what they
are to do and lists the specific people assigned teo do it. Anyone who
can help these guys are requested to do so - particularly with regard
to those rendezvous radar thermal constreints. Those are really going

te screw us, I'm afraid.
%éw

ard W, Tindall, Jr.

Enclosures 3

Rendezvous Navigation Mission Techniques Panel
Charter and Composition

Working Agreements, etc.

Open Items

PA:HWTindall, Jr.:Js
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July 25, 1968

"D" MISSION RENDEZVOUS NAVIGATION
MISSTON TECHNIQUES PANEL

I. Objectives of the panel are to establish the following rendezvous
navigation mission techniques

A.

BQ

Initially to establish a tracking schedule for the "D" Mission
Rendezvous Navigation

Tnvestigate the schedule determined in "A" by consldering the
following:

8.

b.

W-matrix reinitialization procedures
Thermzsl constraints of the rendezvous radar
Standardization of tracking schedules around a maneuver

Desire to minimize the effect of missing marks as a result
of procedural or spacecraft systems problem

Targer than nominally expected MSFN errors

Standardize the mission techniques which establish the following:

2.

b.

The expected navigation accuracy at maneuver times for:

(1) The LM PGNCS using RR tracking data
(2) The CSM PONCS using sextant tracking data

E-memory constants specifiecations

IT. Membership of the panel

A,
B.
C.
D.
E.
F.
G.
H.
I.

P'

A.l
SI

T. Pixley, Chairman Code FM
Shreffler . M
W. Becker ™
Shannshan ™
D. Reed ¥C
E., Fenner FC
Blue CF
X. Mosel CF
Muller MIT
Kachmar MIT
Nevins MIT
Larson MIT
Satin TRW
Paddock MDC

A (G&CD man to be named soon

Enclosure 1



July 22,

"D MISSION RENDEZVOUS GROUND RULES WORKING AGREEMENTS
AND THINGS LIKE THAT

1. General
a. The reference trajectory is that provided by MPAD dated June ok, 1968.
1. Nomenclature for the burn sequence following undocking is:

(1) RCS Separation
(2) Phasing
(3) Insertion

(%) TPI - If abort from Ffootball

(5) cs1y

(6) CTH,

(7) TP, - If abort from lst bubble
(8) CsI,

(9) coH,
(10) TPI,
(11) TPF

¢. The rendezvous will be run throughout with the vehicle roll angles 2

OO. The only exception to this is the RCS Separation burn where the CSM roll
is 180°. A 180° roll will be performed by the CSM immediately prior to or
during the IMU alignment following the RCS Separation burn. (i.e., TPI from
above will be inmitiated "heads down" and TPI from below will be initiated
"heads up" for either vehicle.)

4. IM and CSM state vectors time tagged 12 minutes before RCS Separation
are uplinked to the CMC and LGC prior to undocking. State vectors are not
sent to either vehicle again until immediately after TPIl, when the rendezvous
navigation problem is reinitialized. At that time, state vectors are sent
for both spacecraft and to both computers. IMU alignments will also be made

at these points in the exercise and take precedence over the state vector

updates if timeline conflicts develop.

Enclosure 2
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€. On both spacecraft all rendezvous navigation will be carried out to
update the IM state vector, That is, the IM radar deta would be used to
update the LM state vector in the LGC and the CSM sextant data would be used
to update the LM state vector in the CMC.

. On both spacecraft the rendezvous navigation W-Matrix will be set to
1000 feet and 1 fps initially and whenever it is reinitialized periodically
during the rendezvous.

g. The CMC's IM state vector will be updated after each LM maneuver
with the R-32 Target l&v routine using the pre-burn values as determined in
the IM's pre-thrust program.

h.  The AGS should be maintained in that state which makes it most useful
to perform the rendezvous in the event of PGNCS failure. If, after having
established the preferred techniques in accordance Witﬁ that ground rule, it
is possible to include some AGS systems tests without Jeopardizing crew safety
or other mission objectives, they would be considered.

i. The state vectors in the AGS will be updated each time PONCS is
confirmed to be acceptable. This will likely be at each time it is
committed to make the next maneuver using the PGNCS except perhaps TPI.

J. AGC alignments will be made each time the PANCS is realigned and
each time the state vector in the AGS is updated from the PCNCS.

k. If PGNCS, RR, or G&N fails, the rendezvous exercise is aborted at the
next TPI opportunity.

1. The AGS is not mandatory for the rendezvous exercise. That is, if it

fails prior to or during this mission Phase, the exercise shall continue,

2. Prior to Undocking

a. The crew will synchronize the CMC clock as wrecisely as possible utiliz-

ing information voiced from the ground. The crew will provide initial synchro-



nization of the‘LGC to the CMC clock. The ground will provide the necessary
information by voice for fine synchronization of the TGC clock. This
supefcedes the mission rule which specifies resynchronization of a space-
craft clock only whenever'it disagrees with the ground reference by more
than 0.5 seconds; | -

b. The LM Rendezvous REFSMMAT is that of a "nominal" alignment for
T(align) = 'TI'C:}' (rpxé). Tt will be uplinked from the ground,

¢, The CSM Rendezvous REFSMMAT is defined by a stable member orientation

where: 7 _
Ecsﬁ:'z’LM
YoM=Y LM
Z CsM s -X LM

d. Prior to undocking, the CSM will maneuver the docked vehicles to
an inertial attltude such that with no further attitude maneuvering the
CsM will be oriented approximately 180, 0, 0, (roll, pitch, yaw) with respect
to the local vertical frame at the time of the RCS Separation. The difference
between the exact local vertical attitsde and 180, 0; Q is due to‘the regression
of the line of modes frem_ TIG (RCS Separation) to TIG (TPL,), and the fact
that the CsM BEFSMNAT is nominal at TPIE. ‘
e, The-only:in;flightradjustment of the LGC PIPA biag cospensation
' parameters included in the nomlnal flight plan shall be done by the crew while
docked tc the dbM. The values w111 be updated regardless of how small the
chaqge@‘ (1 e., mheretis no- 1ower threanold ) The crew will inform the MCC-H

of the new values at the next MSFN statlon contact p0551b1e. The MCC-H will

contlnually menitsr the MYy performance and - will advise and assist in additional

updates if the compensation becomes in error by more than @ specified threshold.

,

-y



. An AGS accelerometer calibration shall be performed while docked at
about the same time as the PIPA compensation. This will be the only AGS
accelerometer calibration in the nominal flight plan unless time is available
for a second one between TP10 and CSIQ. AGS gyro calibration shall not be
performed during the rendezvous exercise period of activity.‘

g. Prior to undocking, but following the CSm attitude maneuver to RCS
Separation attitude, the IM IMU will be aligned to the CM IMU using the docked
alignment procedure which takes advantage of a known CSM inertial attitude and
known CSM/LM geometry (with account of the docking ring angle13¢ being taken)
to coarse align the IM IMU to the inertial frame.. Tre CSM and TM gimbal angles
are then compared directly (via V16N20) and coarse align and attitude dead
banding errors are removed by direct torquing of the IM IMU gyros wvia the fine
align routine (Vhl).

h. The formule used for docked alignments with identical REFSMMATS is:

06A;, = (300 - Ag) - oaa,
IGALM = IGACM + 180

MGALM = —MGACM
Where A¢ is the docking ring angle.
i. The formula used for docked alignment where theé stable members are

oriented:



ig:
OGALM = (300 - @) - OGA
ICAL,, = I6Ay, + 90

Mgy = WDgy = O

This is & special formula only valid where the CM MGA = O. This set of
equations will be used for the IM alignment prior to undocking. (BEquation
verification is given in MIT/IL Apollo G&N SYstem,Test Group Memo No. 1187,

dated July 8, 1968.)

3. Undocking, station keeping and IM inspection

2., Undocking will take place 15 minutes prior to the RCS Separation burn
with the CSM oriented to the inertial attitude for that burn. Average G will
not be on in either vehicle during the undocking or station keeping phase.
This will preserve the relative state vectors until Average G comes on in the
CSM 30 seconds prior to RCS Separation.

b. Following undocking, the CSM will maintain attitude and will be
responsible for station keeping., The LM will yaw right 1200 and pitech up
90o placing the two spacecraft "nose-to-nose.” (crewmen "nose-to~nose")

e. The IM will yaw through 360o ( lo/sec) permitting the CSM to conduct
a visual inspection of the landing gear and LM structure.

d. After completion of 3¢, the LM assumes the station keeping task while

the CSM prepares for RCS Seéparation.

4, RCS Separation and Mini-football

8. The configuration of the spacecraft at the RCS Separation burn will
be IM lemding the CSM, both heads down facing each other with zero relative
velocity. (Orbit rate FDAI's - IM: 0, 180, O - CcSM: 180, 0, 0). (FDAI
total attitude is read in the order roll, pitch, yaw; IMJ gimbel angles are

read in the other outer, inner, middle).



b. The CSM will execute a 2.5 fps radial inward »urn for the RCS
Separation burn; i.e., the CSM will 2.5 fps -Z (body). This burn will
employ the P-30, P-41 sequence. IM uses R-32 to update CSM state veector in
the LGC. (Reference 68-FM62-229)

c. On entering darkness after the RCS Separation both spacecraft will
perform REFSMMAT IMU alignments.

d. The LM COAS will be calibrated during the mini-football and will not

be moved again after that.

5. Phasing Maneuver

a. Phasing targeting is established pre-flight.

b. The phasing burn will be executed under AGS control with PGNCS
monitoring by use of programé 30 and 40, The throttle will be set at 10%
for 15 seconds at which time it will be advanced crisply to approximately
Log and left there until suto-cutoff.

c. The horizon is used as a burn attitude check prior to the phasing
burn when AGS 1s under control. The ground supplies the LPD pitch angle for
this check.

d. Phasing burn monitoring

(1) Attitude and/or attitude rate limits are exceeded - terminate
the burn.
{2) Overburn - Back up AGS engine off three (3) seconds after the
PGNCS "engine off time" is indicated.
e. Upon completion of the burn, the IM shall be oriented with X-axis

vertical and the y and z body axis AV residuals will be trimmed to ZEro.

6. IPIO

a. TIf PGNCS, rendezvous radar, or CSM G&N fails prior to insertion but

after phasing, TPI. is performed. As a standard operating procedure during

0
the football rendezvous, the IM and CSM should both be targeted and prepared




to execute the TPI if an abort is necessary. If the failure is IM PGNCS, AGS
is used for executing TPI. A 130O transfer angle shall be used for aborts

from the football rendezvous. (See action item P )

7. Insertion Maneuver

a. Pre-flight targeting will not be used for this maneuver. The ground
procedures for determining the insertion maneuver are as follows: The MCC/
RTCC will utilize the two-impulse logic (NCC/NSR combination) to achieve
the proper differential sltitude. The computed value of the NCC maneuver
will be used as the insertion maneuver. The NSR will be forced to occur
at apogee even if station coverage will not be available there for this
(CDHl) maneuver,

b. In the event the IM has performed a ullage maneuver prior to a DPS
engine failure to start, the IM will remove that AV to maintain correct
targeting of the CSM TETO maneuver. The CSM shall continue to countdown for

TPIO during the 1M insertion burn.

d CD
8. CSI1 5 an Hl o

3 L

a. (ST and CDH maneuvers shall be targeted to cause TPT time to occur
when tﬁe C8I is 1l minutes into darkness. TPI time is defined as the time
at which the elevation sngle of the CSM with respect to local horizontal
as observed by the IM is 27.5° (see 9b).

b. The MCC-H will select and relay to the crew a single solution for
each of the CST and CDH rendezvous maneuvers which will be used by both space-
craft - for PGNCS comparison, AGS targeting, and CSM G&N mirror image targeting,
etec. It shall be that soluticn which is most compatible with the PGNCS. Some

biases will be necessary for use in the AGS and CSM G&N.



¢. As a nominal procedure, the command module will be targeted with
"mirror image" maneuvers to be executed with a one minute time delay in the
event the LM is unable to maneuver. In order to maintain TPI time and
differential altitude within acceptable bounds it is necessary to bias the
radial [\V component of the CDH maneuvers relayed to the CSM from the MCC-H
by an amount established pre-flight (approximately 7 fps). No other Av
components of either the CSI or CDH maneuvers need to he biased in the CMC.

d. The crew shall bias CDH time 100 seconds earlier than determined by
the PGNCS CSI targeting program (P32) when seguencing through the CDH tar-
geting program (P33) to compensate for an inadequate approximation in P32.
The crew shall bias CDH2 time TO seconds later than determined in P32.

e. An out-of-plane AV component will be computed by the LM PGNCS for

CSI, and CDH using R36. This meneuver AV shall be executed unless it is

1,2
less than 2 fps. This [XV component will be included in the LGC/MSFN solution
comparision.

f. LM PGNCS z&V solutions will be compared with the ground. If the
solutions agree, the PGNCS solution will be burned. There will not be
comparisons with AGS, charts, or CSM.

g. In the event the ground solution is to be used, it will be executed
using the AGS which has been targeted with the MSFN solution as s standard
procedure. The external [SV mode is used, Itris necessary to bias the radial
Z&V‘component of the CSI2 maneuver relayed to the LM (AGS) from the MCC-H
by an amount established pre-flight in order to maintain TPI2 time within

acceptable bounds. No other ZXV components of either the CSI or CDH maneuvers

need to be biased in the AGS.



h. No radar data shall be input into the AGS prior to CSI and CDH,.

i. There will not be any backup charts used for CSI The LM shall

1,2°
have'backup charts for CDH and TPI. The CDH charts require a minimum of 29
minutes between CSI and CDH. The commend module pilot will be unable to
compute onboard chart solutions for TPI due to the press of other activity
and so they will not be available as a data source.

J. In the event the IM has performed an ullage maneuver prior to a

main engine failure, the LM will remove that l&v to maintain correct targeting

of the CSM mirror image burn.

. lIIP
9 10,1,2

ga. Although studies have shown that if TPI time falls outside a window
of approximately four minutes duration undesirable lighting conditions will
result for one or both spacecraft, it has been esteblished that it is more
important to execute TPI at the proper elevation angle than to honor lighting
constraints in terminal phase. That 1s lighting constraints are desirable but
not mandatory. Nominal TPI elevation angle is mandatory.

b. The elevation angle to be used in the TPI targeting programs (P3L) in
both spacecraft shall be 27.50 for all rendezvous.

¢. The IM shall always use the elevation angle option in P34 for TPI
targeting.

d. The CSM shall always use the elevation angle option in P34 for TPI
targeting whenever it becomes the active vehicle. Therefore, the first time
the CSM cygies through P34 it will use the elevation angle option; however,
if the LM TPI solution is determined to be acceptable by comparison checks,
the CSM will recycle through P34 using the LM TPI time as input to the "time"

option. (TPI maneuvers will not be biased.)




10

e. TPI shall be targeted onboard and at MCC-H to force a node at TPF (i.e.,
intercept). The MCC-H shall supply this maneuver via voice (pad message) in
both External [&V and line-of-sight components.

. If the LM PONCS is working but rendezvous radar has failed, no
external data will be input to the spacecraft systems---PGNCS, AGS or
charts. In this case, the command module executes the TPI and subseouent
midcourse correction maneuvers and the I.M does the braking maneuver 1if
vislbility permits. However, the command module, of course, must compare
its TPI solution with the MSFN and that comparison must be favorable. (If
not, see 9h) The command module would voice relay to the 1M the maneuvers
it has executed in order that the LM crew could update the command module
state vector in the LGC using the targetAV program.

g. If the LM PGNCS has failed, but the RR is working, compare the onboard
chart solution for TPI with the MSFN. If the comparison is favorable, execute
the chart solution and, if not, use the MSFN Z&V's executed at a time determined
onboard the spacecraft. The maneuver would be made using the AGS external Av
mode.,

he If both the RR and the CSM G&N have failed, use the LM PGNCS to execute
the MSFN TFI solution given in LOS coordinates at the time at which the elevation

!
angle is 27.50 as determined onboard the spacecraft. l



July 25, 1968

D" RENDEZVOUS MISSION TECHNIQUES
OPEN ITEM LIST

(to be discussed at next meeting)

Rendezvous Nevigation Mission Techniques Panel Report.

MPAD to determine expected trajectory disper51ons at initiation of
the rendezvous exerC1se.

MPAD to determine CSI/CDH out-of-plane AV lower threshold.
MPAD to determine CDH2 time bias,

ASPO to determine expected LM IMUJ alignment accuracy when docked to
the CSM.

Review of MCC-H/Crew Pad Message Format.

Crew to determine from simulator exercises the maneuversbility of
the IM in the docked configuration during terminal phase.

MPAD to establish acceptable difference limits for use in comparison
of onboard vs MSFN rendezvous targeting (CSI, CDH, & TPI).

Review of rendezvous maneuver monitoring procedures.

TRW to present AGS align and initialization procedures.

Enclosure 3
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See list attached DATE
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PA/Chief,.Apollo Data Priority Coordination
Propulsion system to be used on the "D" Mission Rendezvous CST Maneuver

One of the planned rendezvous maneuvers (CSI1) on the "D" mission is
nominally zerc, Since it is intended to mske this maneuver based on
the real time situation, some logic must be established to govern
when and how the maneuver would be made. This memo is to describe
the proposed logic.

If the computed value of the CSIy maneuver is less than 1% fps, the
maneuver will not be executed st all. If the maneuver is greater than
1 fps but less than 6% fps, the spacecraft will be oriented with the
minus X-axis in the direction of the velocity vector and the maneuver
will be carried out using four jet RCS. The reason for this orienta-
tion is to avoid losing rendezvous radar lock. This means, of course,
that the maneuver may be executed in either + X direction with egqual
probability. -

The 6 fps upper limit is necessary in order to conserve RCS propellant
as well as to remain within jet impingement constraints. If the C5I4
is in excess of 6 fps, the DPS will be used at 10% thrust (even though
rendezvous radar lock may be lost).

There was concern about using the DPS to carry out small maneuvers from
the standpoint of low the PGNCS would work as well as whether a short
burn for CSI would preclude use of the DPS for the 60 fps CDH maneuver
approximately 30 minutes later. Harry Byington checked intc this and has
determined that the propulsion people intend to adopt the following DPS
constraint for the "D" mission: the DPS may be used provided at least
30 minutes has elapsed since the previous burh, no matter how short it
was. 1In other words, we have no problem there. It has also been deter-
mined that the PGNCS does not limit us either. Although the DPS thrust
program (PLO) does not have short burn logic like the SPS and APS programs
have, including start up and tail off characteristies, it is capable of

* T selected these values to illustrate the point., They're probably not
far off. MPAD is in the process of determining the proper values,

OMAB - the first based on rendezvous considerations; G&PB - the second
based on engine characteristics and consumables. (Task assignments are
needed. )

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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Mission Fianming & fnciysis
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P Infocrmal Distribution DATE:i{‘“

GEFMIG-331

. 7ML /Mathematical Physics Branch

D Mission Rendezvous Navigation Mission Techniques Panel Meeting

1. The first meeting of the D Mission Rendezvous Navigation Mission
Trchniques Panel was held July 28, 1968. The purpose of Lhis pancl is
te, coordinate the onboard navigation analyses conduched at MIT and MSC
wilh the crew timeline worked up by the FCOD and minimize the offeci of
procedaral or spacecraft systems problems to the navigation procedures.

5. The first item of business was to define the time periods when she
rendezvous radar would be powered up for tracking or other purposes. T
sehedules of rendezvous radar operation were established for the purpoese<

of determining thelr adequacy for thermal control. The first schedule is
s5imply to power up the rendezvous radar at 94 hours 27 minutes g.e.t. and
pewer down when the rendezvous radar 18 no longer needed - sometime in the
terminal phase at approximately 102 hours and 10 minutes g.e.t. The second
schedule is as follows:

RR on gl:27, 95:45, 96:48, 97:59, 99:1h, 99:56, 100:h1
RR of'l 95:31L, 96:29, 97:48, 98:31, 99:41, 100:30, 102:10.

(Time is hrimin g.e.t.)

The first schedule is the most desirable because of simplicity in the
cpew activity. The second schedule represents the minimum schedule such
that 1if it is shortened crew confidence in the system will be degraded or
. serious perturbation in the crew timeline will be induced. The TESD has
received this schedule and has been requested to have thermal analyses coli-
dueted of these two methods as socn as possible. It should be recognived
inst the crew and ground procedures are proceeding gecording to the second
schedule and any significant change to these procedures are considered O
he not only highly unders irable but must be socompanied by proper Justificn-
Lion.

3, In order to use the LM navigation system effectively, MIT has proposed
Lne We-marix rcinitialization when performed be placed frou rarks deep inte
ihs bracoing interval following a maneuver. The rendezvous radar thermal
~on1 down process affects the boresight axis srientatbion, My, Mele of RCA
commentel that for a cool down of 15 from 1HOCPF. to 125“F. typical numbors



¢or Lhe alfecl of the cool down process on the orientation is congiderably
1eee Lhan 17 of arce for a 15-minute cool down. The reinitialization pro-
cedure should be unaffected by this type of variation in orientation.

Y. e remainder of the day was devoted to establishing the tracking
mehedules which were developed with the following assumptions differcnt
Ferm e Sn addition to those from the D Rendezvous Mission Technigues
meeting of July 22. (See attachment)

5.  The June 24 reference trajectory was used ag a standard with Lhe
J
Lime nelween CSI.L and CDH1 increased to 22 minutes.

%. The requirement that the command pilot computer backup charis
solubions for TPI, requires the LM navigation to terminate carlier than
the nominal 12 minutes prior to TPIE. The time assumed in designing the
schedule was 15 minutes.

¢. For the CSI, and CDH o maneuvers, oune minute from the IM mancuver
initiation time was allowed %ér the command module pilet to either

(1) dnitiate his mirror image maneuver oOF
(2} initiate the maneuver to take him to the track attivude.
d. Te standardize the IM tracking schedule following the C3 and CDH
muncuvers . the time required to maneuver to the track attitude is assumed

te be completed six minutes following these maneuvers.

%. In crder to standardize navigation procedures and use Lhe CSM and
P

IM navigation systems effectively, MIT has proposed the W-matrix reinitialina-

tions when performed (see gchedule) be placed three marks and four marks
deep into the tracking irterval following a maneuver for the CSM and [,

respectively.
SN
\ .«4‘0-:-3
Paul T. Pixley

AbLochment,

Diuneivution (Ser atlachea List)
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Ground Elapsed Time, hrimin; Event

Ol 210
G5 :5¢
96 :00
5600
96 :0f
96116
96118
96 128
96 <17
96150
96153

96 255
97 :05
7106
97115
PARY-Y.
9725
97129
97:20
9742
9755
901

OG0

G807
95318
099 :02
997
992l
G922

M Activity Timeline

TABLE

Docked IMU Alignment Completed

Phiging Maneuver
Tnitiate Tracking
Cease Tracking
Tnitiate Tracking
(eage Tracking
Initiate Tracking
Cease Tracking
Tnoertion Maneuver
Initiate Tracking

Ceage Tracking, Reinitialize
W-matrix

Initiate Tracking
Cease Tracking
Initiate Tracking
Cease Tracking
CSIl Maneuver
Tnitiaste Tracking
Cease Tracking, Reinitialize
Tnitiate Tracking
Ceage Tracking
CDHl Maneuver
Tnitiate Tracklng

Conse Tracking

Jritiate Tracking

Ceuse Tracking

MNavigalion State Vector Update

Iritiate Tracking
(e ase Tracking

Tritiate Tracking

0sM Activity Timeline

Ground Elapsed Time, hrimlin; renl

92155

96103
9611k
96128
96137

96 :59
97:0L

9712

97 :28
97:38

98.07
98:09
98:16

G922
o9« 11
99 :50

MU Alignment Completed

TInitiate Tracking
Cease Tracking
Tnitiate Tracking

Cease Tracking

Tnitiate Trackling

Reinitialize W-matrix

Cease Tracking

Tnitiate Tracking

Cease Tracking

Initiate Tracking
Reinitialize W-matrix

Cease Tracking

Navigation tate Vector Undniwe
Tnitiate Tricking

Cease Tracking
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TO : PA/Chief, Apollo Data Priority Coordination DATE; :
In reply refer to:
FROM  : EG/Acting Chief, Cuidance and Control Division BG23-229-68~ /134,

SUBJECT! Method of RCS separation for football trajectory in Mission D

Reference is made to memcrandum 68-PA-T-2034, "D Rendezvous Ground Rules
and Working Agreements Update," September 23, 1968.

The Guidance and Control Division (GCD) was given the action item to
determine the best thrusting procedure for the RCS separation burn
yielding a footbhall trajectory in the D rendezvous mission. The burn is
required to impart a delta V to the CSM of 5 ft/sec in the -7 direction.

This delta V maneuver can be accomplished by either (1)} a direct -7
translation burn, or (2) a combination of +90° pitch maneuver, a +X
translation burn, and ultimately, a -909 piteh maneuver to regain the
original attitude.

- In determining the procedural tradeoffs, two factors must be congidered:

v {1) The RCS propellant consumption, and (2) procedure simplicity. With
respect to the former, propellant consumption data was obtained from the
GCD's AGC functional simulator (AGCFS). These data are tabulated in

Table I, -
TABLE I.
C8M weights (pounds) Z-translation X-translation (AC Quads)

27542 18 19.3

(nominal)

280k2 18.6 20.1

(high)

270k2 19.2 18.5

(Low)

Juta was obtained not only for the nominal OSM weight of 275424 (supplied
by the Mission DPlamning and Mnalysis Division) but also for varintions
abhout the nowinal, ol i;oo#. The X-transintion poundnge Includes the aelbual
TA-transiation propellant and Lhe propellant for the two required 100

N

Vi |
J’?;I;j”\_;r o
PNy Buy U.S. Savings Bonds Regularly on the Payroll §. avings Plan
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maneuwvers at O.BO/sec rate, The data indicates that a 500# lower CSM
weight causes a slightly higher (1.2#) propellant usage for a -7 trans-
lation. This is due to an increase in the Xeg to thruster plane dis-
tance, which is very sensitive to SPS propellant loading. ‘

™n pencral, it can he geen that cither method consumes approximately the
come BCS propellant.  lience, the dceiding Tactor is the relabive sim-
plicity of the procedurcs. On this basis, the -7 translation method is
superlor, as it requires only one action as opposed to three actions

for the X-translation method, two of which are attitude maneuvers
lasting three minutes cach, ‘

Based on this analysis, the Guidance and Confxol Division rocomrends
Por the givep CSiageight and de] fovemaamamcnaat.  that g =7 trangjabion
be used for this maneuver, '

,\/}
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Iooofaa v it d

Robert A.Zéélg;;er

cece

£G2/D. C. Cheatham

EG21/C. F. Wasscn

Eckl/J. F. Henaway
2(/Branches & Project Offices
TA/M. A. Fagebt\~

/3. P. Mayer

T™M7/M. D. Cassetti

PD12/R. W, Kubickl

E/fﬂ/ﬂ A, Mdlirey
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TO ! See list attached DATE: September 23, 1968

68-PA-T-203A
FROM : PA/Chlef, Apollo Data Priority Coordination

SUBJECT: D Rendezvous Ground Rules and Working Agreements update

Attached are the ground rules and working agreements updated based on
cur Seplenber 9 Mission Techniques meeting. They reflect the new,
simplified D Rendezvous exercise - primarily changes in the Jgotball
trajectory and the "insertion maneuver" plus a bunch of things we
were able to delete, As noted in my last report of this subject,

the most significant open item is the selection of the nominal TPT
time and definition of the acceptable lighting conditions for it -
i.e., its "window'". Based on the studies underway, the procedures
will nave to be adjusted to assure meeting the constraints after

Tthey are defined and put in order of priority.

And - of course, we've gotta get that rendezvous radar thermal mickev
golse.ixed! Other action items I failed to list previously are as
followe:

a. The AGS people of TRW were asked to recomrpend the rroper
technigue for managing the AGS in the event the PGNCS has failed and
the CSM makes maneuvers since it has no program comparable to the
PGNCS "Target AV" R32.

b, ICD was asked to determine the latest time the E memory could
be dumped providing the MCC-H sufficient time to respond in its check-
out and correction, if necessary.

C. GCD was asked to determine which CSM RCS thruster should be C‘Sﬁ‘:j7£§ﬂjﬁ
v used for the RCS Sepration burn (i.e., -z or x) - or at least which = > <27
would cost less RCS propellant, taking into account the altitude maneu-
vers and a%?itude hold required in each case,. Rt
\-, 'tl

d. MIT was asked to look intec reducing the time required for observ-
ing the PIPA's in thelr bias test to less than the current 246 seconds.

T suess we'll get together npain sometime. We haven't scheduled that
meeting yet,  We are planuning to pet o swnller group together to review
the revised D Rendezvous Mission on QOctobor N, 1968,

[ |

fHoward W, Tindall, Jr.

PATHWTindall, Jr.:ls N

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




September 12, 1668

"HOMISSION RENDEZVOUS GROUND RULES, WORKING AGREIMENTS
AND 'FHEINGS LIKE THAT
1. General
a. The refeorence trajectory is that provided by MPAD, dated August 22,
1968, and as amplified in Appendix I.

b. Nomenclature for the burn sequence following undocking i1s:

(L) RCS Sepration

(2) Phasing

(3) TPI_ ~ If abort .from football
() Insertion

(5) csI

(6) CDH

(1) TPI

(8) TPr

Tty

c. The rendezvous will be run throughout with the vehicle roll angles =

OO. The only exception to this is the RCS Separation burn where the CSM roll

is 1800. A 1800 roll will be performed by the CSM immediately prior to or
during the MU alignment Tcllowing the RCS Separation burn. (i.e., TPI from
above will be initiated "heads down' and TPI from below will be initiated
"neads up" for either vehicle.)

d. IM and CSM state wvectors time tagged 17 minutes before RCS Sepration
are uplirnked to the CMC and LGC prior to undocking. DState vectors are not
sent to eitner vehicle again during the rendezvous.

"c. On both spacecraft all rendezvous-navigation will be carried oub to
update the LM state vector. That is, the LM radar data would be used to ©
updatlc the LM state vector in the LOC and the CSM sextant data would be used

to updaie tne LM state vector in the CMC.




o 0, 0On bothk Gpreeniidl he rondezvoun navigation W-mntrix will be set o
1000 feet nnd L fpo Intiinlly Egj.whenevor it is reinitialized periodically
during the rondesvons.
(. The CMC's LM state vector will be updated after each LM maneuver
with the P-76 Target Av routine using the pre-burn values as determined in
the LM's pre-thrust program
h. The AGS should be maintained in that state which mekes it most useful
to perform the rendezvous in the event of PGNCS failure. If, after having
established the preferred techniques in accordance with that ground rule, it
iz possible to include some AGS systems tests.without jeopardizing crew safety
or other mission objectives, they would be considered.
{. The state vectors in the ACS will be updated each time PGNCS i1s
confirmed to be acceptable. This will likely be at eéch time 1t is
/ﬂjmmitted to make the next maneuver using the PCNCS except perhaps TPIL.
j. AGC alignments will be made each time the PGNCS is realigned and
each time the state vector in the AGS is updated from the PGNCS.
k. 1If PGNCS, RR, or C&N fails while in the football trajectory, the
rendezvous exercise 1s terminated at the TPIO opportunity.
1. Tne AGS is not mendatory for the rendezvous exercise. That is, if it
fails prior Lo Or during thic mission phase, the exercige shall contlnue.
m. As soon as possible after powering up the LGC, the E memory will b=
dumped via T/M so that the MCC-H may check its contents for completeness
and accuracy. I necessary, the MCC-H wi}l reload via uplink any important
parameters found to be in errcr. B

2. Prior %o Undccking

a. The crew will synchronize the CMC clock as precisely acs possible ubiliz

ing information voiced from the ground. The creéw will provide initiasl synchro-



)

rization of the LOC te iae CMC clock. The ground will provide the neccsoaary
nrormallon Dy oveies Tor ine synchronization of the LOGC clock.  This
supcreades vhe mission :ie which specifies resynchronization of a spaco-
craft clock only whenever Lt disagrees with the ground reference by more
than 0.5 seconds.

b. The LM Rendézvous REFSMMAT is that of a "nominal” aligrment for
T (align) = TIC (%PI). It will be uplinked from the ground.

¢. The CS5M Rendezvous REFSMMAT is defined by a stable member orientation

where:

|
0
&
=
i
<
.
=

7 CSM = -X 1M
d. Prior to undocking, the CSM will maneuver the docked vehicles to
an dneriial attitude such that with no further attitude maneuvering the
CSM will be oriented approximately 180, o, 0, (roll, piteh, yaw) with respect
to the local vertical frame at the time of the RCS Separation, The difference
between the exact local vertical attitude and 180, 0, ‘0 is due to the regression
of the line of modes from TIG (RCS Separation) to TIG (TPI), and the fact
that the CSM REFSMMAT is nominal at TPI,

@. The only in~flight adjustment of the LCC PIPA bias compensation
parameters included in the nominal flipght plan shall be donc by the crew while
docked to the CSM. The valucs will be updated repardloss of how omall Lihe
chanpo. (j.e.) there is no lower threchold)  ne crow will inform Lhe MQ@~H
ol vhe new valuor at the next MUFN sitation contaet ponsitle.  The MOO-H wiid
cortimaily monitor the IMU parformance and will adviec and nnsint in USRS ERETIOE
updntes if the compensation becomes in error by more than a spoeificd Shreohold.

o

tly this threshold ic set at .003 ft./sec.

.

My yaan
LTI




ho secclerometer calibration shall be performed while docked at
ahoul the same time as the PIPA compensation. This will be the only AGS
accelerometer cglibration in the nominal flight plan. AGS gyro calibration
shall not be performed during the rendezvous exercise period of activity.

g. Prior to undocking, but following the CSM attitude maneuver .to RCS
Sepration attitude, the LM IMJ will be aligned to the CSM IMU using the docked
alignment procedure which takes advantage of a known CSM inertial attitude and
known CSM/LM geometery (with account of the docking ring angle A ¢ veing taken)
to coarse align the LM IMU to the inertial frame. The CSM and 1M gimbal angles
are then compared directly (vie V16N20) and coarse align and attitude dead
banding errors are removed by direct torquing of the IM IMJ gyros via the
Tine align routine (vk2). It is necessary for the MCC-H to compute and relay
the gyro torquing angles to the crew in order to carry ocut this procedure.

1

h. The formilsa used for docked alignments with identical REFSMMATS is:

b = 2 ele!
OGh,,, = (300 + A @) 0GA
TG, = IGAq, + 180

MGAy = ~MBAey

wnere A @ is the docking ring angle.
i. The formula used for docked alignment where the stable members are

oriented:

i © ~Fou

I
|

%
.

1M tCM

Zr = o



a (200 +AS) - OCA

This is a special formula cnly wvalid where the CM MGA = 0. This set of
cqumtionﬁ will be used for the LM alignment prior to undocking. (Equation
verification is given in MIT/IL Apollo G&N System Tes: Group Memo No. 122k,
dated August 23,1968, This 'reference notes there is a possible error in
the sign of the A¢ term.)

3. Undocking, station keeping and LM inspection

a. Undecking will take place 25 minutes prior tc the RCS Sepration burn
with the CSM oriented to the inertial attitude for that burn. Average G will
not te on in either vehicle during the undocking or station keeping phase.
This will preserve the relative state vectors until Average G comes on in the
CSM 30 seconds prior to RCS Sepration.

©. Following undocking, the CSM will maintain attitude and will be
responsible for station keeping. The LM will yaw right 1200 and pitch up
50° placing the two spacecraft. "nose-to-nose." (crewmen "nose-to-nose")

¢. The LM will yaw Lhrough 260° (lo/sec) permitiing the CSM to conduct
a visual inspection of the landi n;f pear and LM struchurae.

a, After completion of 3¢, the LM assumt:s the stalion keeping tuck whilc

the CSM trepares for RCS Separation.

L, RCS Sepration and Mini-football
s, The confimuration of the spacecraft at the RCS Separation burn wiil
be LM leading the CSM, both heads down facing each other with wovro relative

veloeity. (Ortit rate FDAI's - IM: O, 180, O § CsM: 180, O, O). (FDAT

AN |



Aotal attitiee is read in the order roll, piteh, yaw; IMU gimbal angles are
read in the order outer, inner, middle).
b, The CSM will execute & 5 fps radial inward burn for the RCS
Separation burn; i.e., the CSM will 5 fps -Z (body). This burn will
cmploy the P-30, P-Ll sequence. IM uses R-32 to update CSM state vector in

the LGC. The [SV residuasls will be trimmed to within 0.2 fps, all components.

[ e o el ot o oo

¢. On entering darkness after the RCS Sepration both spacecraft will
perform REFSMMAT IMU alignments.

d. The CSM and IM COAS will be calibrated during the mini-football and

[ oo

will not be moved again after that. The LM utilizes the foward window.

5. Phasing Mancuver and Football

Tl

a. The magnitude of the phasing burn is always re-established inflight.

&

. The phasing burn will be executed under AGS control with PGNCS
fﬁ)nitoring by use of programs 30 and 40. The throttle will be set at 10%
for 15 seconds at which time t will be advanced crisply to approximately
L0o% and left there until suto-cutoff.

c. The horizon is used as a burn attitude check prior to the phasing

burn when AGS is under control. The crew determines the LFD pitch angle for

RIS

this check.
d. Phasing burn menitoring
(1) Attitude and/or attitude rate limits are exceeded - terminate
the burn.
(2) Overburn - Back up AGS engine off three (3) seconds after the
PGNCS ”éngine off time" is indicated.
e. Upon completion of the burn, the LM shall be oriented with X-axis

vertical and the y and z body axis Zﬁv residuals will be trimmed to zero.
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The x body Av residual will be trimmed to within 2 fps to maintain An witn ﬁ
1/ mite.
. While In the foolball, both vehicles will exercise their complete

rendezvous navigation systems and will update the IM state vectors in the

LGC and CMC. The TPI targeting resulting will be used not only for maneuver

R e e L g

execution 1f necessary, but also to evaluate the performance of the LM PCNCS

and CSM G&N, providing confidence in proceeding with the Insertion maneuver.
As noted previously, these onboard determined state vectors will not be

updated from the MCC-H. :

. On entering the darkness period about a quarter of a revolution
before the phasing burn, bota spacecraft will perform REFSMMAT IMU alignments.
h. If it is found necessary to remain an exftra revolution in the footbhall
prior to executing TPIO or the Insertion burn, the same procedureswill be
followed as during the initial football revelution.

g
%

I T
(SN Lol

0

a. IF PGNCS, rendezvous radar, or CSM G&N fails prior to insertion but
alter phasing, TPIO is performed. As a standard operating procedure during
the football rendezvous, the LM and CSM should both be targeted and prepared
to execuve the TPI if an abort is necessary. If the failure is LM PoNCE,
AGS is used for execubing TPI. A 1300 transfer angle shall e uncd Tor

aborts from the foothall rendezvous. TDut ctaged or uns ta ped .

”

T. Insertion Maneuver

S B3R T

a. MCC-H will compute and target the LM PONCS for the Insertion mnncuver

in real wime. Ex:ernal_:AV'targethg will be used, transmitted vie Lth D07

uplinkt route if the timeline permits. Voice backup (pad data) will always be

relayed,

L. The C8M will also ve targeted to make a mancuver to guard against o

AT e

v

partial IM DPS*burn Tailing outside the capability of the LM RCO Lo cori ~i,.

L BT




P~

This mancuver will probably be Pixed preflight (for example - 20 fps, %
i

horizontal, posigrade) which would permit the LM to return to a football %
by RCS. g

¢. 1In the event the LM has performed a ullage maneuver prior to a DPFS
engine failure to start, the IM will remove that AV to stay in the football.
8. C€5T and Coy

a. CS5T and CDH maneuvers shall be targeted to cause TPI time to ocour
when the CSM is 25% minutes befgre sunrise. TPI time is defined as the time
at which the elevation angle of the CSM with respect to local horizontal
as observed by the LM is 27.5° (see 9b}.

L. The MOC-H will select and relay to the crew a single solution for
each of the CSI and CDH rendezvous maneuvers wnich w;ll be used by EEEE
spacecraft - for PGNCS comparison, AGS targeting, and CSM G&N mirror image
targeting, etc. It shall be that solution which is most compatible with
the PCNCS. JSome biases will be necessary for use in the CSM G&N.

c. © a nominal procedure, the command module will be targeted with
"mirror imageﬁ maneuvers tc ve executed with a one minute time delay in
the event the 1M is unable to maneuver. TIn order to maintain TPI time and
differential altitude within acceptable bounds it is necessary to bias the

radial ZSV component of the CDH maneuver relayed to the CSM from the MCC-H

7

by an amount established pre-flight (probably L.3 ps). No other Av

comporient of elither the CSI or CDH mancuvers need to be binsed in the CMC.
d. In order to compensate for approximations in the onboard CSI tar- #

geting program (F32) resulting in & "nominal” TPT time shift, it is necessary

to bias the TPI time the LM crew inputs to that program 120 seconds late. The &
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crow shall bizs CDH time 120 seconds later than determined by the PGNCS CSI

ety ot

nES

inrpeting ?rogram (ch) when sequencing through the CDH targeting program
(P3%) to compensate for an approximation in P32 which would cause a large
radial component if uncorrected. |

e. An ocut-of-plane [&v component will be computed by the LM PGNCS for
ST and CDH using R36. This maneuver AV shall be exccuted unless it is
less than 2 fps. This ZXV component will be included in the LGC/MSFC solu-
tion comparison.

f. IM PGNCS AV solutions will be compared with the ground. If the
solutions agree, the PGNCS solution will be burned. There will not be
comparisons with AGS, charts, or CSM.

g. In the event the ground solution is to.be used, it will be executed
using the AGS which has been targeted with the MSFN solution as a standard

procedure. The external AV mode is used. No AV components of either the

oy B

CSI or CDH maneuvers need Lo be bilased in the AGS.

h. WNo radar data shall be input intc the AGS prior to CSI anc CDH.

i. There will not be any backup charts used for CSI. The IM shall
have backup charts for CDH and TPI. The CDH charts require a minimum of 29
minutes between CSI and CDH. The command module pilot will be unable to
compule onboard charf sclutions for TPI due lo the press of other activity
and so0 they will not be available as o data source.

o+ In the event the LM has performed an ullage maneaver pricr Lo oo
main engine failure, the IM will remove that AV to maintain corrrat e

ing o7 the CSM mirror imape burn.




G. TPL

[NOTE: Some of the following items (e.g., 9a and 9c) which involve
lighting constraints have not heen established as being right, since they
nre based on an assumption that lighting is not mandatory. 1In fact, the
Lighting is currently considered mandatory under certain circumstances.
These itens are included here to draw attention to this extremely important
matter. It Is all to be resolved as soon as results of analysis to
determine firm lighting requirgments and expected TPI time dispersions
are available. Consideration is being given to shifting to the P34
TPI "time opticon" from the "elevation cption” if necessary to force
TPI te occur within the window. This business alsorhas implications
on 9d regarding the CSM procedures and the MCC-H solﬁtions transmitted
for comparison. These resulis of these studies may also cause a change
in the nominal TPI time noted in 8a.]

a. Although studies have shown that if TPI time falls ocutside s«
window of approximetely four mimates duration undesirable lighting
conditions will result for one or both spacecraft, it has been established
that it is more important to execute TPI at the-proper elevation angle

than to honor lighting constrainis in terminal phase. That is, lighting

ct

constrainis are desirable but not mandatory. Nominal TPI elevation
angle is mendstory. (See note above)

b. The celevaticn angle to be used in the TPI targeting programs
(P34) in both spacecraft shall be 27.5° for all rendezvous. & 130
transier angle will be used for all rendezvous.

c. Tne 1M shall always use the elevation angle option in P34 for TP

tarpet.ng. (See note abvove)

10




d. The CSM shall always use the elevation angle option in P34 for TPI
targeting whencver it becomes the active vehicle. Therefore, the firs
time the CEM cycles through P34 it will use the elevation angle option;
however, il the LM TPI solution is determined to be acceptable by com-
parison checks, the CSM will recycle through P34 using the IM TPI time
as input to the "time option." (TPI maneuvers will not be biased.)

e. TPI shall be targeted onboard and at MCC-H to force a node at TFF
(i. e., intercept). The MCG-H shall supply this maneuver via voice (pad
message) in both External Av and line-of-sight components.

f. If the IM PGNCS is working but rendezvous radar has falled, no
external data will be input to the spacecrarft systems----PGNCS, AGS, or
charts. In this case, the command module executes the TPI and subsequent
midcourse correction maneuvers and the LM doss the braking maneuver if
visibility permits. However, the command module, of course, must compare
its TPI socluticn with the MSFN and that comparison must be favorable. (If
nov, see Sh) The command module would voice relay to the LM the maneuvers
it has executed in order that the IM crew could update the command module
state vectér in the LGC using the target Av program.

#. I the LM PGNCS has failed, but the RR is working, compare the

onhoard chart solution for TPI with the MSFN., If the compariscon is favorable

EN

execute the chart solution and, if not, use the MSEFN Av's executed at a
time determined onboard the spacecraft. The maneuver would be made using

the AGS external‘AV mode .,

h. IT both the RR and the CSM G&N have failed, use the LM PGRCS to

oxceute tac MSEFN TFI sclusicn given in LOS coordinates at the Lime nt which

i . o) L N
the elevetion angle is 27.5 as determined onboard the spacecralt.

11




& L. IT the C3SM performs the TPL maneuver, RCS will be used rather

[
i)

than S5P5 as the propulsion system. This simplification significantly
reduces the CSM crew iozding and gives greater assurance he will be

able to do all things required of him.

£

et LT T

ety
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Reference trajectory usage for mission D rendezvous simulations
and analyses

+o As & result of the recent change in the rendezvous profile for
mission IV, formal documentation does not currently exist which provides
the trajectory information required for rendezvous-associated analyses,
The OMAB was requested in the "p" Rendezvous Mission Technigues meet-
ing of September 9 to define which, of the existing reference trajec-
tories, shouid be utilized Tor interim analyses, software testing, and
Ulight crew support orior %o the publication of the opereational trajec-
bory {currently scheduled for publicabion November 15, 1968). The OMAB
recommends that the document, "Revision o to the Apollo Mission D
Spececralt Relerence Trajectory, Volume I - Nominal Trajectory,"

(MSC Internal Note No. 68-FM-210, dated August 22, 1968) be utilized
for this nurpose. The portion of the rendezvous profile from & ground
elepsed time (g.e.t.) of 9G:be bl 7 (Hr:Min:Sec) through TPF in this
document is identical to the current profile following the insertion
burn from a lighting and relative motion standpoint. That is, the rela-
tive position ang velocity at 98:42:44.7 are identical to those in the
current profile at tre completion of the insertion burn. MSFN coverage
can be obtained from the reference document by using the current g.e.t.,'s
for significant events. These are as follows:

EZSEE : Current g.e.t.

Undocking 92:45:00

Mini-football separation 93:0;:45

Phasing 93:46:07

Insertion 95:37:49

€SI 9618145

CDH G7:01:33

TPI 975450

IPr YBi2bihy -

APPENDIX I

»
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o The Tlizght erew 1z currently performing rendezvous similations
based upon the mission D reflerence trejectory (April 30, 1968). By
storting simulations at the 97:55:10 resel point, performing C3I at
the time reflected in this document (98:52:14), and using as a nom-
inal TPI time 100:25:00 (as opposed to the old value of 100:15:25)
would afford almost tae identical relative conditions as those in the
current profile. That is, a/AE of 10 n. mi. and a time between CDH
and TPI of approximately 53 minutes would result. This procedure is
recommended for future simulations until the rest points are updated

to reflect <he operational trajectory.

Eddar C. Lineberry, ef

Orbitel Mission Analysis Branch



TO

FROM

SUBJECT:

OPTIONAL FORM NO. {0
MAY 1982 EDITION
GSA FEMR (41 CPR) 101<11.8

UNITED STATES GOVERNMENT

Memorandum

: See list attached DATE: September 12, 1968

68-PA-T-197A

: PA/Chief, Apcllo Data Priority Coordinstion

D Rendezvous Mission Techniques Meeting - September 9, 1968

On September 9, we had another D Rendezvous Mission Techniques meeting.
Basically what we did there was to discuss the new, simplified rendezvous
mission plan and its effect on the work we have done so far. Based on
this discussion, I am revising the ground rules and working agreements
and will send them out within a week or so. I tThink we were all quite
pleased to find that the changes were relatively minor and for the

most part made things simplier - as they should. The two biggest
unresolved areas deal with selection of the nominal TPI time and the
rendezvous hnavigation tracking schedule as influenced by the rendezvous
radar thermal constraints. I'1ll discuss these two things in little
more detail in this memo.

Flight Crew Support Division has done some excellent work defining

the terminal phase Llighting constraints. For a LM rendezvous from

below, command module from above situation the TPI time window pro-

viding acceptable lighting is only about four minutes long. That is,

the TPI maneuver should occur within that small time period, It is

almost inconceivable, we can expect to hit such a short window even

with reasonable system dispersions. Therefore, we have asked Milt
Contella's people to re-examine this situation, particularly taking

into account the influence of the sun belng located out of the orbital
plane in an attempt to widen the window as much as possible. We also
requested that its boundaries be "hard," that is mandatory as opposed

to merely desirable lighting constraints. In parallel with this, we

have asked MPAD to determine the sort of dispersion we can expect to

have in TPI time based on the new mission plan and the latest spacecraft
systems performance estimates. When this information is available, we
will select the nominal TPI time. This choice must be made quite soon
because it influences the Operational Trajectory and many other associated
things. (If the VHF ranging device is added to the D mission command
module, the situation could be relaxed considerably. That wiuld certainly
inerease the command module rescue capability by a substantiil amount.)

The Rendezvous Navigation Mission Techniques pahel we set up last time
reported the results of their work. They were quite successful, I think,
in establishing a set of procedures for W-matrix reinitialization inde-
pendent of where they are in the timeline. Unfortunately, the tracking
schedule they developed has proven to be unacceptable from a rendezvous
radar thermal standpoint, at least for the old double~bubble rendezvous.

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



An RCA man wan at our meeting and gave us an excellent description of the
problem. Essentially what it amounts to is that the rendezvous radar

thermal protection has heen defined (as per specification) to an obsolete
Junar landing mission profile. As a result, there is too much insulation

on the stability gyro package and shaft motor for a long, earth orbital
rendezvous like D. What actually happens is that the fluid in the gyro
expands until the expansion bellows burst. After that there is no control of
antenna position making it impossible to cbtain radar observations of the
command module. The new mission profile will probably be marginally acceptable
but it involves a lot of turning on and off the rendezvous radar by the crew.
This seems like a rather serious problem that could be fixed quite easily.
That is, reduce the amount of insulation. Since the meeting, I have
contacted Aaron Cohen, who is now geting his people looking into this. It
seems to me that the insulation should he desighed specifically for the

D mission radar., Without the radar the situation becomes extremely

serious - no data into the LM at all. And the CSM has a pretty lousy
rendezvous guidance system unless the VIF is added.

“

MDJN\"\Q
oward W. Tindall, Jr.

PA:HWTindall, Jr.:js
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SUBJECT: D Mission Rendezvous Navigation Mission Techniques Panel Meeting of
September 11, 1968.

1. A meeting was held to define the time periods when the rendezvous
radar would be powered up for tracking or other purposes and establish
tracking schedules for the CSM and IM for the D Mission IM active single
bubble rendezvous.

2., The rendezvous radar heaters are turned on at 90:56 (hr:min g.e.t.)
and the subsequent rendezvous radar on-off schedule is as follows:

RR on 92:21 93:02 93:L1  9k:23 95:52  96:23  97:06
RR off g2:42 93:25 9h:iiz2  95:17 96:08 96:57 98:L2

It is imperative that a thermal analysls be performed as soon as
possible using this schedule. R. Kubickil has been given the action to
initiate the thermal analysis. The trajectory data contained in MSC
memorandum 68-FMAL-280 of 1968 should be used.

3., The CS8M and IM tracking and W-matrix reinitialization schedules are

included in the attached table. The assumptions uséd to arrive at these
schedules are also included in the table,

.o £
Paul T. Pixley
Attachment

Distribution: (See attached 1list) ook coctde ngton § Zoiwice tze EE

;é/_eén?' ,é}«z'( .7
o The infor"”" "n'; R e s I 13
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latex b& e 3
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IM Activity Timeline
Ground Elapsed Time, hr:min; Event

93:20
93:k6
{95 53
T.{94:00
‘94 :02
§9h;ll
9h:25
?a;}9h:28
tok:l5
9k :06
(95:08

3 )95:11
95:38

L (9514
¢ g95:h8

(9725

ATTACHMENT

IMU Alignment §35:20
Phasing 93:L46
IT* a %92:57
CT¥* 94 :08
iT 94130
cT - “‘Eguzuu
IT % :06
L ‘95 :08
CT Ygs 110
Undocked Alignment (start at 94:51) 9 138
ég < %B b5
Insertion ‘ 96:00
IT

CT, *¥%

IT

CT

IT

cT

CSI 96:19
IT | €96:31
CT, %¥#¥ * 96:33
IT , ('96 237
CT w0 (96 47
CDH 97:02
IT 97 409
CT, ¥¥% 5;7:15
IT 97 :36
CT 2%97:38
IT 97 :40
cr §§97:45

CSM Activity Timeline
Ground Elapsed Time, hr:min; Event

IMU Alignment
Phasing

IT*

CT**

IT (3/1, %*¥)

cT

Undocked Alignment
IT (3/1, ***, 3/1)
CT

Insertion

IT (3/1, **¥)

cT

CSI

IT (3/1, ***, 3/1)
CT, *¥*

IT

cr

CLH

IT (3/1, ***, 6/5)
CT, *%%

IT (3/2)

CT

IT £ (x5)/5]

cT
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IM Activity Timeline

Gfound Elapsed Time, hr:min; Event

97:27
b J97:43

97:55
5'97 :58
L98;02

98:05

, g 98:06
‘ 1 98:08

98:08
¢ 98:14

98:17

T
T

TPI

IT

T
MCC1
IT

T, %%%
T

o
MCC2

*
*¥

KR

Initiate Track, IT
Cease Track, CT

Reinitialize

CSM Activity Timeline
Ground Elespsed Time, hr:min; Event

97:55
(98:00
3 198:03
98:05
98:07
%98:09
3 398:12
98:15
98:17

TPT

CIT (5/3)

CT

MCCL

IT (3/1, ***, 3/1)
cT

IT (5/3)

CT

MCC2

a/b a = number of marks and b = time interval



ASSUMPTIONS USED IN TRACKING

SCHEDULE PREPARATION

1. To standardize the IM tracking schedule preceding the €SI, CDH and TPI
maneuvers, the time required for the preparation to execute CSI, CDH, or
TPI 1s assumed to be 12 minutes.

2. PFor the CSI and CDH maneuvers, one minute from the IM maneuver initiation
time was allowed for the command module pilot to either

a. initiate his mirror image maneuver or
b. initiate the maneuver to take him to the track attitude.

3. To standardize the IM tracking schedule following the CSI and CDH
maneuvers, the time required to maneuver to the track attitude is assumed
to be completed six minutes following these maneuvers.

4, In order to standardize navigation procedures and use the CSM and

IM navigation systems effectively, MIT has proposed the W-matrix reinitiali-
zations when performed {see schedule) be placed three marks and four marks
deep into the tracking interval following a maneuver for the CSM and IM,
respectively.

5. The trajectory used for determining these schedules is documented in MSC
memorandum 68-FMOL-280,
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Memorandum

See list attached DATE: September 23, 1968

68-PA-T-2034
PA/Chief, Apollo Data Priority Coordination

D Rendezvous Ground Rules and Working Agreements update

Attached are the ground rules and working agreements updated based on
our September 9 Mission Techniques meeting. They reflect the new,
simplified D Rendezvous exercise - primarily changes in the football .
trajectory and the "insertion maneuver" plus a bunch of things we
were able to delete. As noted in my last report of this subject,

the most significant open item is the selection of the nominal TPI
time and definition of the acceptable lighting conditions for it -
i.e., its "window". Based on the studies underway, the procedures

- will have to be adjusted to assure meeting the constraints after

they are defined and put in order of priority.

And - of course, we've gotta get that rendezvous radar thermal mickey
mouse fixed! Other action items I failed to list previously are as
follows:

a. The AGS people of TRW were asked to recommend the proper
technique for managing the AGS in the event the PGNCS has failed and
the CSM makes maneuvers since it has no program comparable to the
PONCS "Target AV R32.

b. FCD was asked to determine the latest time the E memory could
be dumped providing the MCC-H sufficient time to respond in its check-
out and correction, if necessary.

c. (CD was asked to determine which CSM RCS thruster should be
used for the RCS Sepration burn (i.e., -z or x) = or at least which
would cost less RCS propellant, taking into account the altitude maneu-
vers and altitude hold required in each case.

d. MIT was asked to look into reducing the time required for observ-
ing the PIPA's in their bias test to less than the current 256 seconds.

I guess we'll get together again sometime. We haven't scheduled that
meeting yet. We are planning to get a smaller group together to review
the revised D Rendezvous Mission on October 4, 1968,

Howard W. Tindall, Jr.

Enclosure

PA:HWTindall, Jr.:js

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



September 12, 1968

"p" MISSION RENDEZVOUS GROUND RULES, WORKING AGREEMENTS
AND THINGS LIKE THAT

1. General

a. The reference trajectory is that provided by MPAD, dated August 22,
1968, and as amplified in Appendix I.

b. Nomenclature for the burn sequence following undocking is:

(1) RCS Sepration

(2) Phasing

(3) TPI_ - If abort from football
(4) 1Insertion

(5) csI
() CDH
(1) TPI
(8) TPF

¢. The rendezvous will be run throughout with the vehicle roll angleshg

OO. The only exception to this is the RCS Separation burn where the CSM roll
is 180°, A 180° roll will be performed by the CSM immediately prior to or
during the IMU alignment following the RCS Separation burn. (i.e., TPI from
above will be initiated "heads down" and TPI from below will be initiated
"heads up" for either vehicle.)

d. IM and CSM state vectors time tagged 12 minutes before RCS Sepration
are uplinked to the CMC and LGC prior to undocking. State vectors are not
sent to either vehicle again during the rendezvous.

e, On both spacecrgft all rendezvous navigation will be carried out to
update the IM state vector. That is, the LM radar data would be used to

update the LM state vector in the LGC and the CSM sextant data would be used

to update the LM state vector in the CMC.



f. On both spacecraft the rendezvous navigation W-matrix will be set to
1000 feet and 1 fps initially and whenever it is reinitialized periodically
during the rendezvous.

g. The CMC's LM state vector will be updated after each LM maneuver
with the P-T6 Target AV routine using the pre-burn values as determined in
the IM's pre-thrust program

h. The AGS should be maintained in that state which makes it most useful
to perform the rendezvous in the event of PGNCS failure. If, after having
established the preferred techniques in accordance with that ground rule, it
is possible to include some AGS systems tests without jeopardizing crew safety
or other mission objectives, they would be congidered.

i. The state vectors in the AGS will be updatesd each time PGNCS is
confirmed to be acceptable., This will likely be at each time it is
committed to make the next maneuver using the PGNC3 except perhaps TPI.

j. AGC alignments will be made each time the PGNCS is realigned and
each time the state vector in the AGS i1s updated from the PGNCS.

k. If PGNCS, RR, or G&N fails while in the foothall trajectofy, the
rendezvous exercise is terminated at the TPIO opportunity.

1. The AGS is not mandatory for the rendezvous exercise, That is, if it
fails prior to or during this mission phase, the exercise shall continue.

m. As soon gs possible after powering up the ILGC, the E memory will be
dumped via TVM 80 that the MCC-H may check its contents for completeness
and accuracy. If necessary, the MCC-H will reload vis uplink any important
rarameters found to be in error.

2. Prior to Undocking

a. The crew will synchronize the CMC clock as precisely as possible utiliz.

ing information voiced from the ground. The crew will provide initial synchro-



nization of the LGC to the CMC clock. The ground will provide the necessary
information by voice for fine synchronization of the LGC clock. This
supercedes the mission rule which specifies resynchronization of a space-
craft clock only whenever it disagrees with the ground reference by more
than 0.5 seconds.

b. The IM Rendezvous REFSMMAT is that of a "nominal" alignment for
T (align) = TIG (TPI). It will be uplinked from the ground.

c. The CSM Rendezvous REFSMMAT is defined by a stable member orientation
where:

X CSM = 7 IM

o
Q
)
=
(
=il

M
7 CSM = -X 1M

d. Prior to undocking, the CSM will maneuver the docked vehicles to
an inertial attitude such that with no further attitude maneuvering the
CSM will be oriented approximately 180, 0, 0, (roll, pitch, yaw) with respect
to the local vertical frame at the time of the RCS Separatton. The difference
between the exact local vertical attitude and 180, O, 0 is due to the regression
of the line of modes from TIG (RCS Separation) to TIG (TPI), and the fact
that the CSM REFSMMAT 1s nominal at TPI,

e. The only in-flight adjustment of the LGC PIPA bias compensation
parameters included in the nominal flight plan shall be done by the crew while
docked to the (SM. The values will be updated regardless of how small the
change. (i.e., there is no lower threshold) The crew will inform the MCC-H
of the new values at the next MSFN station contact possible, The MCC-H will
continually monitor the IMU performance and will advise and assist in additional

updates if the compensation becomes in error by more than a specified threshold.

Currently this threshold is set at .003 ft./sec.g.



f. An AGS accelerometer calibration shall be performed while docked at
about the same time as the PIPA compensation. This will be the only AGS
accelerometer calibration in the nominal flight plan. AGS gyro calibration
shall not be performed during the rendezvous exercise period of activity.

g. Prior to undocking, but following the CSM attitude maneuver to RCS
Sepration attitude, the LM IMU will be aligned to the CSM IMU using the docked
alignment procedure which takes advantage of a known CSM inertial attitude and
known CSM/LM geometery (with account of the docking ring angle A¢ being taken)
to coarse align the IM IMU to the inertial frame. The CSM and LM gimbal angles
are then compared directly (via V16N20) and coarse.align and attitude dead
banding errors are removed by direct torquing of the LM IMJ gyros via the
fine align routine (VL2). It is necessary for the MCC-H to compute and relay
the gyro torquing angles to the crew in order to carry out this procedure.

h., The formula used for docked alignments with identical REFSMMATS is:

0GA,, = (300 + A ¢) ~0GA ),
IGA = TGA, + 180
MGAL\ = -MGA

Where [&ﬁ is the docking ring angle.

i. The formula used for docked alignment where the stable members are

oriented:
XM = “Zey
liM = YCM



is:

OGA ,, = (300 +Ad) - 0CA oy
TeAy, = TCAqy, + 30

MeALy = MaAq, = O

This is a special formula only valid where the CM MGA = O. This set of
equations will be used for the LM alignment prior to undocking. (Equation
verification is given in MIT/IL Apollo &N System Test Group Memo No. 122k,
dated August 28,1968, This reference notes there is a possible error in
the sign of the A¢ term.)

3. Undocking, station keeping and LM inspection

a. Undocking will take place 25 minutes prior to the RCS Sepration burn
with the CSM oriented tq the inertial attitude for that burn. Average G will
not be on in either vehicle during the undocking or station keeping phase.
This will preserve the relative state vectors until Average G comes on in the
CSM 30 seconds prior to RCS Sepration.

b. Following undocking, the CSM will maintaln attitude and will be
responsible for station keeping. The LM will yaw right 1200 and pitch up
900 placing the two spacecraft "nose-to-nose.” (crewmen "nose-to-nose"

c. The IM will yaw through 360° (1°/sec) permitting the CSM to conduct
a visual inspection of the landing gear and LM structure.

d. After completion of 3c, the IM assumes the station keeping task while

the CSM prepares for RCS Separation.

4. RCS Sepration and Mini-football
a. The configuration of the spacecraft at the RCS Separation burn will
be IM leading the CSM, both heads down facing each other with zero relative

velocity. (Orbit rate FDAI's - IM: O, 180, 0 § CsM: 180, 0, 0). (FDAI



total attitude is read in the order roll, pitch, yaw; IMU gimbal angles are
read in the order outer, inner, middle).
b. The CSM will execute a 5 fps radial inward burn for the RCS
Separation burn; i.e., the CSM will 5 fps -Z (body). This burn will
employ the P-30, P-4l sequence. IM uses R-32 to update CSM state vector in
the LGC. The AV residuals will be trimmed to within 0.2 fps, all components.
¢. On entering darkness after the RCS Sepraticn both spacecraft will
perform REFSMMAT IMJ alignments.
d. The CSM and LM COAS will be calibrated during the mini-football and '
will not be moved again after that. The IM utilizes the foward window.

5. Phasing Maneuver and Football

8. The magnitude of the phasing burn is always re-established inflight. ’
b. The phasing burn will be executed under AGS control with PGNCS
monitoring by use of programs 30 and 40. The throttle will be set at 10%
for 15 seconds at which time it will be advanced crisply to approximately
LO% and left there until auto-cutoff.
¢. The horizon is used as a burn attitude check pricr to the phasing
burn when AGS is under control. The crew determines tae LPD pitch angle for '
this check.
d. Phasing burn monitoring
(1) Attitude and/or attitude rate limits are exceeded - terminate
the burn.
(2) Overburn - Back up AGS engine off three (3) seconds after the
PGNCS "engine off time" is indicated.
e. Upon completion of the burn, the IM shall be oriented with X-axis

vertical and the y and z body axis [XV residuals will be trimmed to zero.
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The x body AV residual will be trimmed to within 2 fps to maintain An with
1/4 mile.

f. While in the football, both vehicles will exercise their complete
rendezvous navigation systems and will update the IM state vectors in the
LGC and CMC. The TPI targeting resulting will be used not only for maneuver
execution if necessary, but also to evaluate the performance of the LM PGNCS
and CSM G&N, providing confidence in proceeding with the Insertion maneuver.
As noted previously, these onboard determined state vectors will not be
updated from the MCC-H.

g. On entering the darkness period about a quarter of a revolution
before the phasing burn, both spacecraft will perform REFSMMAT IMU alignments.

h. TIf it is found necessary to remain an extra revolution in the football
prior to executing TPIO or the Insertion burn, the same procedureswill be
followed as during the initial football revolution,

6. TPI
o

a. IF PGNCS, rendezvous radar, or CSM G&N fails prior to insertion but
after phasing, TPIO is performed. As a standard operating procedure during
the football rendezvous, the IM and CSM should both he targeted and prepared
to execute the TPI if an abort is necessary. If the failure is LM PGNCS,
AGS is used for executing TPI. A 130o transfer angle shall be used for
aborts from the football rendezvous. -But staged or unstaged.

T. Insertion Maneuver

a. MCC-H will compute and target the LM PGNCS for the Insertion maneuver
in real time. External AV targeting will be used, transmitted via the P27
uplink route if the timeline permits. Voice backup (pad data) will always be
relayed.

b. The CSM will also be targeted to make a maneuver to guard against a

partial IM DFS burn falling outside the capability of the LM RCS to correct.



This maneuver will probably be fixed preflight (for example - 20 fps,
horizontal, posigrade) which would permit the IM to return to a football
by RCS.

c¢c. In the event the LM has performed a ullage maneuver prior to a DPS
engine failure to start, the LM will remove that Av to stay in the football.
8. gﬁ} and CDH

a. (ST and CDH maneuvers shall be targeted to cause TPI time to occur
when the CSM is 25% minutes before sunrise. TPI time is defined as the time
at which the elevaticn angle of the CSM with respect to local horizontal
as observed by the IM is 27.5° (see 9b).

b. The MCC-H will select and relay to the crew a single solution for
each of the CSI and CDH rendezvous maneuvers which will be used by EEEE
spacecraft - for PGNCS comparison, AGS targeting, and CSM G&N mirror image
targeting, ete. It shall be that solution which is most compatible with
the PGNCS. Some biases will be necessary for use in the COSM G&N.

¢. As a nominal procedure, the command module will be targeted with
"mirror image" maneuvers to be executed with a one minute time delay in
the event the IM is unable to maneuver. In order to maintain TPI time and
differential altitude within acceptable bounds it is necessary to bias the
radialAAV'component of the CDH maneuver relayed to the CSM from the MCC-H
by an amount established pre-flight (probably L.3 fps). No other AV
comporient of either the CSI or CDH maneuvers need to be biased in the CMC.

d. In order to compensate for approximations in the onboard CSI tar-
geting program (P32) resulting in a "nominal" TPI time shift, it is necessary

to bias the TPI time the LM crew inputs to that program 120 seconds late. The



crew shall bias CDH time 110 seconds later than determined by the PGNCS CSI
targeting program (P32) when sequencing through the CDH targeting program
(P33) to compensate for an approximation in P32 which would cause a large
radial component i1f uncorrected.

e. An out-of-plane Av component will be computed by the LM PGNCS for
ST and CDH using R36. This maneuver AV shall be executed unless it is
less than 2 fps. This [&V component will be included in the LGC/MBFC solu~-
" tion comparison,

£. IM PGNCS AV solutions will be compared with the ground. If the
solutions agree, the PGNCS solution will be burned. There will not be
comparisons with AGS, charts, or CSM.

g. In the event the ground solution is to be used, it will be executed
using the AGS which has been targeted with the MSFN solution as a standard
procedure. The external AV mode is used. No AV components of either the
CSI or CDH maneuvers need to be biased in the AGS.

h. No radar data shall be input into the AGS prior to CSI and CDH.

i. There will not be any backup charts used for CSI. The IM shall
have backup charts for CDH and TPI. The CDH charts require a minimum of 29
minutes between CSI and CDH. The command module pilot will be unable to
compute onboard chart solutions for TPI due to the press of other activity
and so they will not be avallable as a data source.

j. In the event the IM has performed an ullage maneuver prior to a
main engine failure, the IM will remove that [&V to maintain correct target-

ing of the CSM mirror Image burn.
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9. TBL

[NOTE: Some of the following items (e.g., 9a and 9c¢) which involve
lighting constraints have not been established as being right, since they
are based on an assumption that lighting is not mandatory. In fact, the
lighting is currently considered mandatory under certain circumstances.
These items are included here to draw attention to this extremely important
matter., It is all to be resolved as soon as results of analysis to
determine firm lighting requirements and expected TPI time dispersions
are available. Consideration is being given to shifting to the P3L
TPI "time option" from the "elevation option" if necessary to force
TPI to occur within the window. This business also has implications
on 94 regarding the CSM procedures and the MCC-H solutions transmitted
for comparison. These results of these studies may also cause a change
in the nominal TPI time noted in 8a.)

a. Although studies have shown that if TPI time falls outside a
window of approximately four mimuites duration undesirable lighting
conditions will result for one or both spacecraft, it has been established
that it is more important to execute TPI at the proper elevation angle
than tc honor lighting constraints in terminal phase. That is, lighting
constraints are desirable but not mandatory. Nominal TPI elevation
angle is mandatory. (See note above)

b. The elevation angle to be used in the TPI targeting programs
(P34) in both spacecraft shall be 27.5° for all rendezvous. A 130°
transfer angle will be used for all rendezvous.

¢. The IM shall always use the elevation angle option in P34 for TPI

targeting. (See note above)




d. The CSM shall always use the elevation angle option in P34 for TPI
targeting whenever 1t becomes the active vehicle. Therefore, the first
time the CSM cycles through P34k it will use the elevation angle option;
however, if the IM TPI solution 1s determined to be acceptable by com-
parison checks, the CSM will recycle through P34 using the IM TPI time
as input to the "time option." (TPI maneuvers will not be biased.)

e. TPI shall he targeted onboard and at MCC=-H to force a node at TPF
(i. e., intercept). The MCC-H shall supply this maneuver via voice (pad
message) in both External AV and line-of-sight components.

f. If the IM PGNCS is working but rendezvous radar has failed, no
external data will be input to the spacecraft syétems—---PGNCS, AGS, or
charts. 1In thils case, the command module executes the TPI and subsequent
midcourse correction meneuvers and the LM does the braking maneuver if
vigibility permits. However, the command module, of course, must compare
its TPI solution with the MSFN and that comparison must be favorable. (If
not, see 9h) The command module would voice relay to the LM the maneuvers
it has executed in order that the IM crew could update the command module
state vector in the LGC using the target Av program.

g. If the LM PGNCS has failed, but the RR is working, compare the
onboard chart solution for TPI with the MSFN. If the comparison is favorable
execute the chart solution and, if not, use the MSFN AvV's executed at a
time determined onboard the spacecraft. The maneuver would be made using
the AGS external AV mode.

h. TIf both the RR and the CSM G&N have failed, use the LM PGNCS to
execute the MSFN TPT solution given in LOS coordinates at the time at which

the elevation angle is 27.50 as determined onbeard the spacecraft.

11
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i. If the CSM performs the TPI maneuver, RCS will be used rather
than SPS as the propulsion system. This simplification significantly
reduces the CSM crew loading and gives greater assurance he will be

able to do all things required of him.
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Reference trajectory usage for mission D rendezvous simuiations

and analyses

1. As a result of the recent change in the rendezvous profile for
mission D, formal documentation does not currently exist which provides
the trajectory information required for rendezvous-associated analyses.
The OMAB was requested in the "D" Rendezvous Mission Techniques meet-

ing of September 9 to define which, of the existing reference trajec-
tories, should be utilized for interim analyses, software testing, and
flight crew support prior to the publication of the opersational trajec-
tory (currently scheduled for publication November 15, 1968). The OMAB
recommends that the document, "Revision 2 to the Apollo Mission D
Spacecraft Reference Trajectory, Volume I - Nominal Trajectory,"

(MSC Internal Note No. 68-FM-210, dated August 22, 1968) be utilized

for this purpose. The portion of the rendezvous profile from a ground
elapsed time (g.e.t.) of 98:42:44,7 (Hr:Min:Sec) through TPF in this
document is identical to the current profile following the insertion
burn from a lighting and relative motion standpoint. That is, the rela-
tive position and velocity at 98:42:44,7 are identical to those in the
current profile at the completion of the insertion burn. MSFN coverage
can be obtained from the reference document by using the current g.e.t.'s
for significant events. These are as follows:

Rvent

Undocking

Mini-football separation
Phasing

Insertion

CSI

CDH

TPI

TPY

Current g.e.t.

92: 145100
93:01:45
93:46:07
95:37:49
96:18:45
97:01:33
97:54:51
98:26:49

APFENDIX I
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2. The flight crew is currently performing rendezvous similations
based upon the mission D reference trajectory (April 30, 1968). By
starting simlations at the 97:55:10 reset point, performing CSI at
the time reflected in this document (98:52:1%), and using as a nom~-
inal TPI time 100:29:00 (as opposed to the old value of 100:15:25)
would afford almost the identical relative conditions as those in the
current profile. That is, alAH of 10 n. mi. and a time between CDH
and TPI of approximately 53 mirmtes would result. This procedure is
recommended for future simulations until the rest points are updated
to reflect the operaticnal trajectory.

Edéar C. Lineberry, :;]ef

Orbital Mission Analysis Branch
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SUBJECT: D Rendezvous Mission Techniques

On Qctober 4 we met to review a draft of the D Rendezvous Mission
Techniques. Although we spent the entire day we didn't get past page
3 and so it is obvious we are going to have to beef up our effort in
order to get all this cleaned up. In fact, I am going to schedule all
day meetings every other Monday specifically for this purpose.

I feel we did accomplish some rather important things in this meeting.
The most significant wes identifying exactly what pieces of equipment
mzst be working in both spacecraft at each of four go/no go points,
namely: '

a. Undocking

b. Separation into mini-football

c. Phasing into football

d. Insertion into CSI/CDH rendezvous

This is the first time we have made a coordinated attack on this subject

and I feel we were probably 90% successful or better. I have asttached a

table summarizing the results which you may find interesting. The decision

as to whether each plece of equipment was required or not in order to go on
with the mission phase is based on a pretty detailed understanding of how

we want to do the rendezvous exercise and how we want to get out of trouble

if other pileces of equipment subsequently fail., We adopted, as a general
philosophy, that the command module must be prepared to rescue the LM and

s0 we insisted on having redundant CSM capability for all crucial operations.
In the IM we were somewhat more liberal assuming that the CMC rescue capability
provides an adequate backup for the next IM systems failure for all operations
except braking. This philosophy seemed to us to provide the best tradeoff
between crew safety and assurance of meeting mission objectives. One item

I would particularly like to point out regards the AGS which we feel is not
required for anything except Insertion into the CSI/CDH rendezvous. It may
seem inconsistant that we are willing to make the phasing burn into the
football rendezvous but then not go for the second bigger loop. The reason

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




was that most objectives will have been achieved in the football and the
additional experience gained in the CSI/CDH rendezvous does not appear to
justify the risk of demanding CSM rescue for subsequent PGNCS failure.
Incidentally, the thing we want the AGS for in this case is not rendezvous
navigation or maneuver capability but as an attitude reference in the
event we lose the PONCS. This is considered important since without it,
it may not be possible to keep the tracking light oriented toward the
command module.

Some other items I would like to list briefly are:

a. Whereas previously we had stated the MSFN soluticn for CSI and CDH
would be used to target the AGS, the crew has a strong preference for using
the PCNCS solution once it has been tested and found satisfactory. They
feel this gives a better burn monitoring. Our main reason for having
suggested using the MSFN solution was to avoid unnecessary activity close
to burn time. However, since the PGNCS solution 1s checked before the AGS
targeting is loaded - that concern is not longer valid.

b. We had stated that no radar data would be input into the AGS prioxr
to CSI and CDH. To this we are adding the football prior to TPIO unless
the .PGNCS fails or it is known that TPIO will be executed.

¢. It has been established that the LGC rendezvous navigation W-matrix
will be initially set to 1,000 feet and 1 fps. In addition, it is necessary
to set initialization value for the radar angle biases. The value selected
for this is .0O0L radians.

d. We have established a mission rule the flight controllers should
utilize in targeting the maneuvers prior to the rendezvous exercise in
order to meet satisfactory rendezvous lighting conditions and MSFN
coverage. They may permit the Ah for TPI_ (that is, the football
rendezvous ) to vary + 1 nautical mile. Thg Z&h for TPI should be tar-
geted to be 10 + O nautical miles. Actually this tolerance variation
in the football provides quite a bit of control for the real time mission
planner and he should be able to do the CDH targeting to meet the TPI Ah
constraint.

An open item still hanging around deals with whether or not an AGS gyro cal-
ibration should be performed during the rendezvous exercise. I believe both
CAEC and GCD have stated it should not for fear of screwing up the AGS gyro
calibration. TRW's AGS people, I believe, would like to have the calibration
done since they feel it would greatly improve the accuracy of the system.

Of course, everyone agrees with that providing the calibration works. We
mist vote everyone concerned with this again, I guess; right now the crew

has included it in the timeline while dogked to the C§
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LM systems required to continue the exercise assuming that CSM rescue
provides an adequate backup for failure‘QHCfL 'ﬁmk-&.\),

SEPARATION INTO PHASING INTO INSERTIO“,

LM SYSTEMS UNDOCKING MINI-FOOTBALL FOOTBALL ¢8I /CDH
PGNCS LGC R} R R R
MU Rl B R R
AG83 AFA NR NR NR R2
ASA NR NR NR R2
CES Rl R R R
DPS/DECA NR NR R4 NR5
Re® NR r7 R R
Tape Meter8 NR NR NR NR
Event Timer NR NR NR NR
FDAI's’ R R R R
AOT or COAS]'O NR NR R R
Hand Cont:rolle::'s11 R R R R
Cross Polnters NR NR NR NR
CSM Tracking Light NR NR NR NR

Redundant CSM Systems required to provide LM rescue capability without
M assistance.

GNCS CMC NR NR9 R R
My NR R’ R R
OpticéXT NR NR R R
SCT NR NR R R
COAS NR NR NR NR
SCS BMAGS NR N'R9 R12 Rlz
GDC NR NR NR R
FDAI's NR NR9 R R
SPS NR NR NR R
DKSY13 NR NR R R
Handcontrollers R R R R
EMS AV Counter NR NR NR R
Event Timet NR NR NR NR
LM Traceing Light NR NR14 R R
1. Either PGNCS or CES required since '"Direct!" 1s assumed acceptable for docking.
2, Assuming additional experience gained in the CSI/CDH rendezvous does not
justify the risk of demanding CSM rescue for subsequent PGNCS fallure.
3. 1Includes DEDA.
4, Alternate mission may be possible.
5. Nominal trajectory possible with APS/RCS,
6, Includes transponder, Sowe Lwiporult
7. Separation acceptable ifstest objzctive can be accomplished.
8. Assuming RR self-test{ vil) onr'\brs vew RR dealost,
9. One or the other required - not both.
10. Assuning rendezvous navigation studies show uncalibrated COAS IMJ aligrment
is adequate to make flight meaningful,
11. Translation and at least one RHC.
12. One/channel,
13. Crew to verify one CSM DSKY adequate to perform rescue for SPS burns and
navigation.
14, Assuming running or cabin lights are visible at 2.5 NM.

1-7
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UNITED STATES GOVERNMENT
Memorandum

TO ! See list attached DATE: October 17, 1968
68-PA-T-22TA
FROM : PA/Chief, Apollo Data Priority Coordination

SUBJECT: D Rendezvous Open Items, Action Items or whatever you call them

I've reviewed my notes of the D Rendezvous meetings over the last
couple of months and have found the fellowing open/action items. I
guess most, if not all, are being worked on. But time grows short
and so I'm sending this list around to make sure of it. If you know
of others, please give me a call.

1. (TRW) What are the expected Z&V residuals at the conclusion of
the AGS controlled, DPS phasing burn? We want to null the x-axis to
within 2 fps but must avold excessive RCS Jjet impingement,

2, (MPAD) Shall the DPS be staged for rendezvous at TPI? It has
been decided that the greatly improved vehicle maneuverability and
resultant saving in RCS fuel makes this desirable, provided no recontact
with the staged DPS is positively assured. Ed Lineberry is developing a
technique to do this.

3. (MIT) Braking procedures are placing heavy weight on the
rendezvous vadar range and range rate, of course. If the tape meter
fails, it is hoped that the crew can get raw radar data displayed on
the PGNCS DSKY by use of the V62 RR self test routine. MIT is requested
to verify this technique works and inform us of any constraints or
idiosyncrasies involved in this procedure.

L, (MPAD/ASPO) What is the accuracy of the PGNCS rendezvous
navigation when using an IMJ aligned with the CQOAS rather than the AOT?
ASPO should define the accuracy of a COAS which has not been ealibrated
inflight.

5. (MPAD/MIT) When computing the TPI_ solution using the PGNCS
Blevation angle option, what solutlon will "be obtained? Note that the
spacecralt will pass through 27. 5° two times in the football trajectory.

6. What other problems or special procedures are needed for the TPI
maneuver, if any? For example, can dispersions make it more desirable
to use the time opticn. It is interesting to note that the TPT maneuver
is applied more-or-less away from rather than toward the targetospacecraft'
This certainly affects the backup techniques involving boresighting along
the LOS developed for a "standard" rendezvous TPI.
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7. (TRW/AGS) How is the CSM state vector in the AGS updated if the
PGNCS has falled and the CS8M makes a mancuver? Note the AGS has no program
equivalent to the PGNCS "Target AV" (R32).

8. (FCD) Assuming the LGC is powered down after the docked DPS
burn (is this true or is it set to standby?), an E memory check is
probably needed to commit to rendezvous. If required it must be added
to the timeline and positive procedures developed to do it.

9. (MIT) Can the time required to make a GNCS PIPA bias test be
reduced to less than 256 seconds?

10. (MPAD) Determine expected {3 sigma) shift in TPI time from nominal
during the rendezvous to assist in selecting the TPI situation to aim for.

11. (FCSD) Define TPI window of acceptable lighting conditions and
degree of constraint "hardness."

12. (Data Priority) Based on 9 and 10 (above) establish the mission
techniques regarding under what conditions, if any, the "Elevation Angle"
option for TPI should be abandoned in favor of the "Time" optiomn.

13. (GAEC/TRW/GCD) Shall an AGS gyro calibration be performed during
the rendezvous period of activity? This depends on expected improvement
in performance versus probability of screwing up the system.

1k, How do we verify that the AGS is properly aligned from the PGNCS
given the possibility of CDU transients?

15. Of course techniques for monitoring all of the main engine maneuvers

Howard W. Tindall, Jr.
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See list attached DATE: November 12, 1968

_ 68-PA-T-248A
PA/Chief, Apollo Data Priority Coordination

D Maneuver Monitoring Mission Techniques

On Novenber 4 we had our first-and-last D Maneuver Monitoring Mission
Techniques meeting. In addition to all interested MSC orgaenizations, it
was attended by MIT, NR, TRW, and GAEC. We spent the day going through
all of the SPS maneuvers both docked and undocked, except for those
associated with the rendezvous and the docked DFS burn, and discussing
the pre-burn systems checks and the actual burn monitoring technlques.

I believe we established procedures which should do the job and I feel
they can be considered firm. The crew and the flight controllers intend
to use these techniques in the forthcoming simmlations and changes will
only be considered to those which simulations show to be unacceptable.

Following is a list of final agreements which apply to g}}qggg_maneuvers:
1. It is intended to use the onboard computed weight and SPS trim
gimbal angles stored from the previous burn in the DAP, unless they differ
from the MCC-H ground values by more than 10 percent and .5 degree res-
pectively. If any of the three parameters exceed the limit, all three

will be updated.

2., Except for retrofire, it is intended to use the onboard computed
REFSMMAT for all maneuvers as determined by using the "preferred” alignment
option. The MCC-H will compute and compare REFSMMAT with the onbcard values
primarily as a check for some procedures or commnications error. This will
be done by determining the angular difference between them, which should be
zero. If it is in excess of .5 degree, the G&N should be considered no go.

3., It was concluded that the check of onboard computed apogee and
perigee heights (ha and hp) is unnecessary and will be dropped from the
procedures. In addition, these values will be dropped from the maneuver
PAD message.

4, Prior to each maneuver, the crew shall make a maneuver attitude
check using a sextant star. The shaft and trunnion angles of the star
mist agree with the PAD values to within five degrees or the burn is no

go. If the crew is unable to see any stars, that check will be dropped
for that burn.
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5. In place of the previously proposed PhO VG test, we are substitu-
ting a check on the ZSVR' This parameter must agree with the PAD value to
within 10 fps.

6. Another CMC pre-burn check is through use of the Ground Track
Determination program (P21). The crew will check latitude, longitude,
and altitude against the PAD values to determine that they are within
limits in order to give a G&N go. The limits are .02 degree and .2 n.m.
respectively.

7. An attitude excursion limit of 10 degrees has been established for
all SPS burns. Five degrees a second 1s the attitude rate limit. TIFf the
crew ascertains that either of these limits have been exceeded as indicated
by two independent data sources (primarily the BMAGS and visible cues),
they will takeover using SCS MIVC to damp rates and will shutdown the engine.
An exception to this is that during the initial start transient, an attitude
excursion beyond 10 degrees will be considered acceptable if, in the crew's
Judgment, it is truly due to the start transient and GNCS control of the
spacecraft is still acceptable. (G&CD has the action item of approving this
MIVC takeover procedures for safety when applied %o docked burns. T have
been told by Ken Cox that studies are underway, the results of which so far
indica®e this procedure is acceptable.)

8. The BMS AV counter will not be used as part of the crew monitoring
procedure to avold overburn. That is, for purposes of simplicity it was
decided to backup the GNCS engine cutoff based on burn duration only. The
procedure is for the crew to manually shutdown the engine if the GNCS has
not done so within five seconds of the nominal burn time for docked SPS
burns and within one second of the nominal burn time for undocked SPS burns.
The nominal burn time is included orn the maneuver PAD for each burn.

9. Although the EMS will not be used to monitor against an overburn,
it will always be set up to provide an automatic cutoff if the crew switches
to BCS. Accordingly, it is intended %c slew into the AV counter that value
([&VC) which would cause it to provide as accurate a cutoff as possible.
In other words, talloff and known accelerometer bias will be taken into
account when computing the AVC included on the maneuver PAD.

10. Except for retrofire, the crew will not trim any [XV residuals
following any SPS maneuver.

11. Since the fir;t SPS burn is made before adequate checks of the &N
can be carried out to insure proper GNCS operation, we propose to utilize
some special techniques for that one burn. HEssentially we intend to evaluate
the GNCS performance during the launch phase on the D mission exactly as we
do as part of our TLI go/no go procedure on the C' mission. The procedure
involves comparing the performance of the spacecraft ONCS with the STVE TU



during the launch phase. If the differences do not exceed certsin pre-
established limits (which incidentally are the same &s ‘- C') no further
speclal checks are required to declare the GNCS go for SPS1. If the

limits are exceeded, the crew will perform an additional platform align-

ment (REFSMMAT Option) to the pre-launch orientation just prior to the
aligning to the burn REFSMMAT. If the gyro torquing angles indicate that

the drift rate has been less than .6 degree/hour since the fine alignment
while docked to the SIVB, the GNCS is declared go for the burn. Incidentally,
the GDC is also checked during the same period. Its no go limit is 10
degrees/hour on all three axes.

Obviously, special procedures are required for the docked DPS burn. This
maneuver is extremely unusual and provides the greatest chances of screw-
ing up procedurally. Prior to the maneuver, the following steps are taken:

1. The LGC E-memory will be dumped to the ground and checked by MCC-H.
If any of the critical E-memory values are in error, they must be updated
prior to the burn.

2. MCC-H will compute and relay to both spacecraft that REFSMMAT which
igs consistant with the IM x-axis aligned along the velocity to be gained
by the maneuver and the y-axis shall be horizontal. Both spacecraft will
utilize the same REFSMMAT.

3. The MCC~H will update +the state vectors for both vehicles. The
same external [SV targets will be uplinked to both wvehicles. (There is some
question as to how the CSM will monitor the maneuver. One proposal is to
call up the 8PS thrust program (P40), which would be operated just as
though it was controlling the maneuver. Hcwever, we're not sure how it
will perform when the [&V targeted and achleved is in the negative x
direction. MIT was asked to advise us on this matter.).

- 4. The ¢SM will maneuver the two spacecraft to near burn attitude
using onboard computed gimbal angles. The IM completes this attitude
maneuver using R6O.

5. Both spacecraft will perform burn attitude checks, the command
module using a sextant star and the IM using an AQOT star while the IM
controls attitude during the last darkness period prior to the burn. Five
degrees has been established as the go/no go limit.

6. The DPS trim gimbals will be moved prior toc the maneuver to verify
they are operating properly and will be reset to align the thrust vector
through the c.g. taking into account engine mount compliance at 4O percent
thrust. Assistance by MCC-H is required since there is no onboard indica-
tion of engine gimbal angle. The technique will involve iterative attempts
to align the engine which will be continued until they are within a O.1
degree of the desired wvalues.



T+« The AGS will be initialized and used in the follow-up mode exsctly
as it is for the undocked DPS burns. OFf course, there is no consideration
given to taking over with the AGS.

8. We established an attitude limit of 10 degrees and an attitude rate
limit of five degrees per second. However, this maneuver is likely to
include some pretty wild attitude excursions, particularly as the thrust
level is varied, which could easily exceed those limits. During these
transient periods, it must be left to the crew's Judgment whether a diver-
gent situation is occurring or not. We did establish that = 45 degrees
attitude excursion is an absolute limit. This should be coincident with
the "VG increasing" alarm. If these occur, the DPS should be manually shut-
down. The trim gimbal light is essentially ignored throughout the burn
since it cannot really be trusted for anything.

9. Following manual shutdown, attitude control is turned over to.
the CSM. If a malfunction occurs requiring premature burn termination
with excessive attitude rates, they will be damped using the IM ¥y and
z-axis RCS translation jets.

As noted previously, the above techniques do not necessarily apply to

the maneuvers during the rendezvous or rendezvous abort situations. These
techniques will be discussed at our next rendezvous meeting on November 18,
at which time any special procedures for those mancuvers will be identified,

agreed to, and documented.
ﬁ | -
QL (VYN

Howard W. Tindall, Jr.
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D Rendezvous Mission Techniques

This memo is to tell you about the results of the November 25 D
Rendezvous Mission Techniques meeting. Except for a number of small
clean up items, we spent most of our time talking about how to handle
slippage of TPI time and incomplete Insertion and Phasing maneuvers.
After an exhausting discussion, I think we have those items under
pretty good control now.

1. There was a discussion of various techniques for aborting from
the mini-football. The only procedure we will pursue is for the CSM
to meke a "tweak" maneuver at the horizontal crossing if necessary to
return the two spacecraft to a nominal relative motion mini-football.
This maneuver will be made only if it is known that an abort is required.
It shall be based on a chart the command module pilot carrys.

2. It had previously been decided to stage the DPS if the IM must
make the TPI maneuver - abort from the football. Of the several
techniques pPoposed, the one most favored now to preclude DPS recontact
is to impart an out-of-plane [XV to 1t as part of the TPI_ maneuver.
The crew is going to try out the following procedures in tRe simalator
and if acceptable we will stick with them for flight.

) a. Just prior to TPI TIG but after Average g comes on, the LM
will thrust laterally using the y-axis RCS jets to build up approximately
5 fps out-of-plane.

b. At TIG they will start thrusting with the plus x-axis RCS
Jets and stage the DPS as soon as acceleration exists. The out-of-plane
[&V will be removed with the TPI thrusting with the x-axis jets by
yawing the spacecraft (i.e., spacecraft roll). (We are told there is
no problem in reinitializing the attitude control DAP for the staged
configuration in SUNDANCE.) If the CSM is active for TPI , the 1M
shall not stage the DPS. ©

3. It had been recognized that when computing TPI in the football
trajectory it is possible to get two different solutions since there
are two times the relative angle between the spacecraft passes through
7.5 degrees. Both MPAD and MIT have run analysis to determine what
happens and how to handle the situation, The following table summaries
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the results:

Time From Phasing PGNCS QOperation
0 to 45 minutes Alarm code {no solution)
b5 to 85 minutes Desired solution obtained (TPI = 70 minutes)
85 to 87 minutes Wrong solution obtained (TPI = 87 minutes)
Greater than 87 minutes Fails to converge

The nominal TPT time we want to use is abous TO minutes after the
Phasing burn and if the crew uses that value as an input to P34, there
should be no trouble since it's well inside the boundaries which yleld
the desired solution.

L. Experience ks shown that the crew simulators - ILM5 and CMS - do
not accurately duplicate the true spacecraft guidance system with respect
to the time the computers take to perform their operations. BSpecifically,
the crew trainers run considerably faster than the actual flight computer
and 1f not taken into account, this characteristic can badly mislead
those responsible for setting up crew procedures. As a result, we levied
an action on MIT to determine the actual, real-life computer time required
to perform a list of specific operations. This list is included as an
attachment to this memo. Based on this, I'm told the simulators can be
fixed to be more realistic,

5. At this meeting we finally defined the acceptable TPI window
and the procedures to be followed in the event TPI falls outside the
window. MPAD reports that the current three sigma estimate of TPI
time dispersion is + 4 minutes. What I mean by this is that by using
the IM radar navigation to perform the CSI ard CDH targeting, errors
can result causing the time at which the nominal TPI elevation angle
actually occurs to be as much as four minutes from the time the tar-
geting was aiming for. FCSD reports that the acceptable TPT window is
3.5 minutes which you recall, is centered about the nominal TPT time -
22.5 minutes before the (SM breaks into the sunlight. You can see from
this that we have a very good chance of being within the acceptable
window. However, obviously techniques must be developed to handle the
case when we miss.

a. Our discussion revealed that it is unacceptable for TPI
to slip earlier than the 3.5 minutes before nominal, since that would
cause braking to oceur in darkness. Accordingly, if that ocecurs the
crew will recycle into the TPI targeting program (P34) using the Time
Option with an input of the nominal TPI time.
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b. Discussion also showed that, although undesirable, late TPI
is not unacceptable and, in fact, it is preferable to continue to use
the elevation angle option with a nominal 27.5 degree value regardless of
how late TIG occurs. And, so this is what we shall do.

As you see then, we have a fairly simple logic to guide the crew in
choosing their procedure. That is, the crew procedure is based on

whether the TPI time as determined onboard the spacecraft occurs earlier

than 3.5 minutes before nominal TPI. Since they only have to recycle

the TPI computation switching to the Time Option if the TPT is too early
by more than 3.5 minutes, they always have at least an additional 3.5
minutes to take action. This makes it possible Ffor the crew to wait for
the final computation of TPI after the last rendezvous navigation to

make ‘the decision of which way to go.

6. There is a problem brought about by this procedure with regard
to what the MCC-H must do for the TPI PAD message. This data - relayed
by volce to the crew - is normally used for two things. First to verify
that the onboard guidance system is working acceptably and the second
is to provide a backup maneuver to be executed in the event it is not.
The procedure noted above presents an obvious problem if the crew has
to go into the Time Option since there is no way for the ground to com-
pute a compatible solution for comparison. Accordingly, the following
procedures were developed, which are only used if the onboard solution
of TPI time is more than 3.5 minutes early:

a. The MCC-H computes and relays only one maneuver PAD message -
namely, a maneuver based on executing TPI with an elevation angle of
27.5 degrees, regardless of when TIG occurs.

b. Even though the LM crew determines that TPI time is too
early, they will call for the 27.5 degree [&V solution and compare it
with the ground data to determine if their PENCS is working. If it is
acceptable, they will use the procedure noted in 5a above, calling for
the Time Option with nominal TPI and continuing on without a ground
backup maneuver,

c. If the LM comparison with the ground solution is not favorable,
the CSM also compares its 27.5 degree TPI solution with the ground and if
acceptable, will recycle into the Time Option of P3Lk using the nominal
IPT time and will execute the resultant maneuver. In other words, if
the LM PGNCS is broken and the CSM GNCS is working, the CSM should become
active for TPI.

d. If the CSM solution is also found to be unacceptable, the
IM crew should compare their chart solution with the ground and execute
it if acceptable.



e. If all of these fail, we have a gituation in which TPI has
slipped too early, both spacecraft guidance systems have failed, as has
the LM backup chart solution and there seems nothing to do but to perform
the MCC-H solution. Boy!

Te A lengthy detailed discussion of what to do in the event of
incomplete Phasing and Insertion maneuvers led to the following Mission
Techniques:

a. Phasing

If the DPS does not light or if the DPS lights but shuts
down prematurely, do not stage, null horizontal ZXV s and if possible,
trim radial (x-body) Z&V toc within 2 fps of rominal. This places the
IM in a footbhall, its size dependent on the extent of the [ﬁf gained,
Then it is necessary to choose one of the following courses of action
in Real Time, dependent on what caused the premature shutdown.

(l) Execute ‘I'PIO from the present trajectory this rev or
next.

(2) Complete the phasing cne rev later (CSM shall be mirror
image targeted for this maneuver) using DPS under PGNCS control, RCS
(staged), APS, or CSM (RCS or SPS) followed by TPI  at the next opportunity
or insertion a quarter rev after that.

This is an appalling number of choices which must be
substantially reduced before the flight based on systems considerations,
mission objectives and extent of flexibility affected by the crew
procedures. The latter is extremely lmportant since the procedures
are complex and completely time dependent; they are not easy to recycle
into.

b. Insertion

(1) 1If DPS does not start, stay in football by nulling
out ullage.

(2) TIf DPS does start, the primary goal is to complete
the burn using RCS with APS interconnect. If the AV required is
greater than about 8 fps, staging is required.

(3) In order to be prepared for some mysterious time
critical problem discovered within one minute after TIG, the CSM will
be targeted with the same burn as the IM to be executed with a one
minute delay. This is not a mirror image burn. It nullis the LM burn.



8. MIT reported on an old sction item that the CSM PIPA bias check
cannot be conveniently reduced below 256 seconds duration.

9. 1In case everyone has not heard, the SUNDANCE program has been
fixed so that the crew can use the rendezvous radar self-test program
(ROk) during terminal breaking with the Average g program (P47) running
simultaneously. That is great!

10. Although not part of the D mission rendezvous, our final
discussion of the day involved what the CSM should do during the docked
DPS maneuver, Options for the (SM are to use the 8PS thrust program
(P40), the ROS thrust program (PLl), or the Average g program (P4T7).
Due to a limitation in the displays available in PhT, which we know
would work, the crew would prefer to use PLO or Phl. We're not too
sure how they will do so we asked MIT to look into how each of these
programs would operate during the docked DPS burns such that we may
make a final choice.

I don't expect to have any more full blown D rendezvous meetings
until the final review of the Mission Techniques Document now
scheduled for distribution about December 16. This review will
probably be about January 10, 1969,
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D Rendezvous Mission Techniques

This memo is to let you know about some things on the D Rendezvous that
have been giving us a lot of trouble. The problem we have been having
is associated with the football trajectory and how to exit from it
gracefully. It seems like most of the significant mission techniques
open items deal with this subject, In fact, we submitted a Trajectory
Change Request in an attempt to relieve this problem area a little bit.
It was disapproved - rightfully, I think.

The thing that is beginning to bother me is the realization that the
probability of aborting the D Rendezvous from the football trajector

is rather great. This is due to a center wide feeling that a rendezvous
from the football accomplishes almost everything we want and going

through the CDI/CDH does not offer enough benefit to justify the addi-
tional risk of two or three extra hours of LM operation unless all systems
are operating. That is, even failure of equipment like the rendezvous
radar and the AGS currently appear to be justification not to exit the
football. The other thing that I am slowly beginning to realize is that
the football rendezvous is by no means simple. In many ways it is a lot
more difficult than the standard coelliptic rendezvous. Not only are
many special procedures required for it but the TPI maneuver is very
sensitive to small dispersions in the relative trajectory of the two
spacecraft. By the same token, small errors in the MSFN state vectors
will cause the ground computed solution to differ significantly from the
onboard. These things have led us to propose a basic ground rule -

namely that TPI, should never be executed on the first opportunity except
in a time critical situation. Furthermore, we could define no single
guidance, navigation, or control system problem which we consider time
critical. That is, time critical situations must arise from some serious
environmental or electrical problem or something like that. By going an
extra revolution in the football we give both the crew and the flight
controllers an opportunity to get squared away before going into the
critical terminal phase. We should have considerably more confidence in
the MSFN state vectors too since we would have a sustained period of unper-
turbed radar tracking. Unfortunately, spending an extra revolution in the
Tootball for this purpose aggravates another problem. Small dispersions
prior to and during the phasing burn can cause a situation wherein the
spacecralt never arrives at a 27.5 degree elevation angle for execution of
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TPI. Goling the extra revolutlion makes us even more susceptable to this.
It was due to this that we proposed a trajectory change. Specifically,
by reversing the direction of the CSM 5 fps Separation burn from radially
down to radially up, we become tolerant of much larger dispersions. How-
ever, the impact on other things at this late a date was considered unac-
ceptable.

It is recognized by everyone that we still do not have TPI, procedures
worked out yet and that by disapproving the trajectory change we were
Puying sdditional cowmplexity in them. We are also making the probaoility
greater for having to do TP, at some angle smaller than the nominal

(27.59).

We have initiated an analysis to determine 1f it is possible Tor the
ground to gilve useful assistance for TPIO at the first opportuniiy.

There is a feeling on the part of some of us that the ground solution
for the Iirst TPI, could be substantially in error making it useless
both for comparison with the onboard system and for backup in the event
of an onboard failure. The point is we may have to establish a technique
whereby the rendezvous must be carried out independent of the ground in
the time critical cese.

In summary:

1. It 1s obvious that we must have well thought-out procedures
and thorough training to handle the football rendezvous since the
probabllity of dolng it is very great (e.g., 5 or 10 percent, I would
guess ).

2. The football rendezvous 1s significantly more difficult to
perform than intuition leads you to believe. Accordingly, we are
proposing to always spend one extra revoluticn in the football prior
to attempting the rendezvous i1f it is at all possible to do so.

3. The crew procedures will be developed to make sure they serve
well for initiation of rendezvous on all revolutions in the football not
Just the first.

In attempt to finally clean up those darned TPI_ mission techniques prior

to start of MCC-H/crew simulaticns, we will pro%ably get together over
the Christmas Holidays - whatever that is.

~
([“QL/\Q M
Tinda :

Howard W. 1, Jr.

PAHWTindall, Jr.:Js
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First "E" Mission Rendezvous Mission Techniques meeting - Maren &

1. On Morch b we had the first "E" Mission Rendezvous Mission Teonniz.c

It was devoted almost exclusively to understarnding wz
3 requirements and mission plans are for thils phase of iz
The discussion raised a few questions and some action items were
to pet them answered. .

o

. It iz evident that activities prior to the rendezvous su
5-IVB maneuver simulating translunar injection (TLI) will subs
perturb conditions at the start of the rendezvous unless compen
provided.‘ Thisz, of course, means that the logic and capapility
this "compensation" in real time must be designed and implemented
¥4 Lineberry and his people were asked to look into this. ("?ev'*—
cimiler job for Mission "D" already.)
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. Tne "E" mission is typical of any involving LM operaticns.
with an undocking and visual inspection. This 1s followed Ty =
rareuver by one vehicle or the other to provide a controlled min:-

- bl pe ™

sepsration trajectory to avoid costly station keeping., Thnis is fciicwe

-—

™

S e s

in turn by a larger separation maneuver which kicks off whatever Iz
Q0L , In this case, the larger separation maneuver, called a "'Prazing
rancuver', places tne IM ahead and above the command modu‘e prenerly
lceated to execute the CDH coelliptic maneuver about 2 hours and 40 minus
'ctcz. It is intended that these Phasing and CDH maneuvers will =

computed in real time in the RTCC utilizing the so-called NCC/NSE rernizzvew

b

maneuver logic developed for Gemimni. This targeting will force the (CTZ
manewver to occur at spacecraft apogee over Hawaii, with the propsr
é¢ifferential altitude and phase angle.

b, he entire rendezvous will be carried out with a single inercial
platform orientation (REFSMMAT) for each spacecraft. They will be
~omputed and relayed to the spacecraft from the ground. OFf course, more
then one platform alignment will be performed. The point is they will
211 be carried out to achieve the same inertial platform orientatio=.
Purthermore, it is anticipated that the REFSMMAT on Mission "E" will bs
seleeted eungntially the same as for the "D" and "G" missions. The<t iz
they will Be tied to TPI and will provide an FDAI 8-ball clsplaj of

7, 0, O when the spacecraft is allgned in-plane, horizontal, wings levsl,
heods up.

/ ,UU”j / Srgan L gt Vo Fonciri
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Ty wao apreed that an undocked platform alignment wouls
scparation and Phasing maneuvers. 1In order to permit thls

oo
o)
(o

that separation will occur 5 minutes before the start of ths
prior to the Phasing maneuver. 8ince this will result in al=xc:
revolution belween the separation and Phasing meneuvers a sxall
sepazAu,on burn such as planned for misslons "D" and "G" ray

tco well here, and the Rendezvous Analysis Branch was given
meting an optinmum separation burn to be illustrated =%
with the standard relative motion plot., Flignt PL&UH‘“Q WaS
werz out the crev timeline in detail for the period betwesn
the Phasing maneuver, We want to make sure that the varicucz cr
sooceiated with LM checkout and trajectory control do not con®l:
unculy crowded, I'm sure someone will also be interested in Ce
tre consumables reguired during this periocd since apperently bo
power and RCS propellant are at a premiun.

3
n

£ FanllJ, the crew procedures people were recuested to evaiu
report at the next meeting the preferred lighting conditions o ;
moneuaver when it is executed hy a spacecraft epproaching from anesd
avove. This will be the situation for the first TPI opportuniiry cn
"B' mission. Although that maneuver would not actuallj be executel &3 long
ac everything is still pgoing along okay, we should be prepared *to d¢ 7T 7

we have to. And the preferred lighting conditions influence schelulin: ¢

vne Phaging maneuver itself.

vy m

7. The current rendezvous plan provides two opportunities to
CoI moncuver, both of which are nominally zero. However, it wa
as to whether the first opportunity really exists since it ceeur
minutes alfter the Phasing maneuver with insufficient ground trac:
corymnications to support it. It may be desirable for the crew io T
rendezveons navigation and target this maneuver; the question is wne
They would cver really exceute -1t. The point is, if it turns
srpll there seoms to be no disadvantage in delaying until tne nex
cpportunity one revolution later, and if the onboard systems indics:
a large CSI maneuver 1s needed there is reason to suspect som= =3
aalfunetion.,  This is based on the assumption there had teen no
off non-nominal performance during the Phasing burn, which 1m#
should be near zero. IL seems we ought to obtain some MSFH
before nmaking a bipg bury. that might screw up the situation. <
w! th all this, the Rendezvous Analysis Branch was given the E
de termining parametrically theeffects of residuals in the Phasing mar
1u terms of CSI maneuves magnitude and other trajectory dispersicrs =
asz TPI time slippage.

. It has been stated that a primary mission objective on tnis
L perlorm a comprehensive AGS systems test. This, of course,
rndezvous navigation and targeting as well as maneuver guicanc




[N

Thiz can be done in a number of ways. For example, the

to cperate conbinuocusly without PHGCS update throughout tre
excreize, Or the test could be broken down into a number
with re-initialization provided periodically. It is al:O
when and under what conditions radar data should be input
Divicion was requested to amplify their mission reguirermsn
more detalled description of exactly what they would like accorsm
Lf noooible how they would like to do it.

3

e 'Phat is about all we covered dur.ng this short meeting. Cne ni:ce
apparent was the substantial carryover from the "C" and "D" mizzlon
mectings which should permit us to complete work on "E" in a conziiz
chcruor poriod than would otherwise be the case, It wac agreed tha
ziternoon is a good meeting time and so, if possible, we intend o o=
together every other week at that time., The next meeting is schedul
&t 1:00 pom., March 18, in Building 4, Room 396. That's 1300 for o,

Howard W, Tindall, Jr.
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PA/Chief, Apollo Dats Priority Coordination
I' Rendezvous Mission Techniques Cleaﬁ-up

On April 5 we had what I expect is the last of the F Mission Rendezvous
Techniques meetings. We resolved a number of open items which had not
been covered before, or which popped up during similations. This memo
is to 1list them for the record. Some are trivial, some are really
quite significant.

1. Since the first planned DPS maneuver is DOI, it was agreed
that the gimbal angles included in the LGC erasable memory load should
be right for that maneuver. These values should also be included in
the crew check list (Stan Mann please respond).

2, The IM attitude and attitude rate limits for the DPS burns
are 5° and 59°/sec unstaged and for the APS are 10° and 109/sec.

3. We agreed upon the following course of action regarding
imperfect DOT maneuvers.

a. First of all, only the x-axis residual shall be trimmed.
The y and z-axes residuals shall be left untrimmed since they do not
bother anything and trimming wastes RCS propellant and can result in
excessive plume impingement.

b. Underburns - Underburns less than 5 fps will be trimmed
up to 7 seconds plus x RCS burn duration, which is a plume impingement
constraint., (Note: that's only 3 fps of trimming and thus can leave
a small residual which will force retargeting the later burns) Under-
burns inexcess of 5 fps will not be trimmed and will result in a "PDI
abort.” (A PDI abort, you recall, involves making a maneuver at about
PDI time yielding CSI one-half rev later. In other words, it eliminates
the rev in the nominal mission between Phasing and insertion. The PDI
abort will be made with DPS 1f it is considered an operating system,
otherwise with the APS,) ' '

¢. Overburns - Overburns less than 12 fps will be trimmed
with minus x RCS. Again, this limit is based on a RCS plume impingement
constraint., It should never occur since this is about a 4 second over-
burn which could have been manually stopped before reaching this wvalue,

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



Overburns greater than 12 fps result in lunar impact and therefore call
for a direct return of the IM to the command module by the immediate,
brute force technique discussed in previous memos.

d. I guess it goes without saying that ény PGNCS failure during
DOI also dictates a direct return abort.

I, The following agreements were reached regarding the phasing

" maneuver:

a. It was emphasized that at least 4O fps should be achieved
by the IM somehow if at all possible.

b. Underburns - Trim underburns less than 5 fps with plus x
RCS up until the 7 second plume impingement limit. If the underburn
is greater than 5 fps, but less than 25 fps, stage and complete the
maneuver with RCS. If the underburn is in excess of 25 fps, stage and
complete the burn with APS using the AGS.

¢. Overburns - Trim overburns less than 12 fps with minus x
RCS. Tor overburns in excess of that, trim out 12 fps and standby for
an update of the Insertion targeting.

5. Insertion

a. Underburns - If the total velocity gained is less than Ls
fps, take 1t out using minus x RCS. This Llimit is based on the 30
second minus x RCS plume impingement constraint. In this event, the
0SM does the insertion burn three minutes later. If the underburn is
less than 80 fps, use the plus x RCS to complete the maneuver. (This
limit is based on the 55 gsecond RCS plume impingement constraint.) For
thé approximate 100 fps band of cutoff velocities in between these two
limits, the IM should do nothing immediately and the command module will
have to rescue.

b. Overburns rust be removed somehow to avoid lunar impact.

6. It has been said repeatedly before, and I say again here today,
that there is no such thing as a 200 n.mi. range limit on the VHF ranging
by the CSM. That is merely a fictitious design valiie which has no bearing
on how the operation should be conducted. VHF ranging should be used
to its full 327 n.mi., recycle limit provided the data is good. The[SR
[&V limits, which the CMP should use to decide if it's good or not are
currently set at 0.5 n.mi, and 3 fps. (These values may be changed this
week following a rendezvous navigation meeting of the experts. )



It was agreed that the CMP could do P20 rendezvous navigation, updating
the IM state vector in the CMC, between DOI and phasing, if this does not
conflict with other more urgent activity.

7. The TPI window has been established as being from minus 8 minutes
to plus infinity. The nominal TPI location is at the time the target
vehicle is 23 minutes before sunrise. The significance of the window
is that if after €SI it is discovered that the TPI associated with the
elevation angle option has slipped earlier than 8 minutes, the crew
will recycle the TPI program (P3L4) using the time option with nominal
TPI minus 8 minutes on the input time.

8. The CSM always uses the IM computed CDH time for input to P33
as long as the LM PCNCS 1s assumed to be working okay.

9, It was agreed that all CSM mirror image targeting (that is,
for €SI, CDH, and TPI) shall use the same TIG as the LM. That is,
mirror image targeting will not be delayed one minute or three minutes
as had previously been considered. This technique considerably sim-
plifies procedures and results in (minor) difficulty only if the LM
failure, which forces the CSM to become active, becomes apparent when
the IM attempts to mske the maneuver. Such a last instant fallure on
an RCS burn is considered very unlikely and does not result in too bad
a situation if the command module then executes the maneuver late.

One of the simplifications obtained by eliminating TIG delays is
the elimination of all biases that need to be applied to the CSM solu-
tions for use in the IM with one exception. It is necessary to subtract
1 fps from the CSM CSI (P32) solution when the IM uses 1t for comparison
with their own solutions or for execution,

10. Comparison limits were established for evaluating the acceptability
of the various rendezvous maneuver solutions. In each case, it is most
desirable to use the LGC if possible. Accordingly, it will be used 1if
it compares favorably with either the CSM or the IM chart solution. If
it fails, the IM chart is compared with the CSM solution and 1s used if
acceptable. If both the LGC and chart solutions fail their test, it is
recommended that the IM execute the maneuver computed by the CSM since
a rendezvous radar failure is the most likely cause of trouble. The
comparison limits are 2 fps, 5 fps, and 6 fps for x, y, and z-axes,
respectively, in both local vertical and in line-of-sight coordinates.

This comparison technigue shall be used for the CDH and TPI burns
for sure. It may also be possible to use it for CSI, provided analyses
between now and the flight show that the CSM will have an acceptable
performance. Since it is not certain that the CSM will shape up, we



have adopted the following weird technique which should be used for

0SI unless the CSM is eventually certified to be okay. It is based

on use of three possible solutions - the PGNCS, the LM chart, and the
pre-geparation canned burns. It is also based on a desire to insure
t0o0 large a CSI burn, if anything, in order to avoid having TPI slip
early, which is considered a serious dispersion, as noted in paragraph
7 above. The rule is that the IM crew should execute the latest of
these solutions, provided it is no more than 2 fps bigger than the

~ next-to-largest solution! If the rendezvous radar has falled, it wipes
out both the PGNCS and chart solution, the IM crew uses the same compari-
son scheme, only in this event it is a comparison of only two sources -
the pre-separation canned burn against the CSM CSI solution after it has
been biased 1 fps as noted in paragraph 9.

11. There were at least two situations in which it seems desirable
for the CSM and IM to share the braking task and it was agreed that
they would do so if either occurs. If the IM fails to stage the DPS
or if the IM is not able to visually acquire the CSM during braking,
lateral line-of-sight control by the LM is not practical and the CSM
shall do it. The IM will continue to be responsible for performing
the actual braking maneuver provided the rendezvous radar is working.

@w&;\

And that's how we spent Saturday.

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:Jjs
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See 1list below DATE: April 30, 1969

FM/ Apollo 10 , Mission Design Manager

Trajectory Change Evaluation Report

Title
Lunar orbit orientation change
TCR Number Folp
MCRG Meeting Date CCB Meeting Date_; %g gesied’Complethn/
/A N/A May 5, 1969

The attached proposal change is forwarded for your evaluation and
recommendations concerning its impact on the mission plan. Please
submit your comments on MSC Form 1119C, "Trajectory Change Evalua-
tion." A report of ACCEPTABLE is expected if you are in no way
affected. Send reply to FMl3/Mission Planning Support Office,
Attention: William J. Bennett , no later than
the above-listed completion date. An ACCEPTABLE reply will be
implied if your report is not received by this date, '

Enclosure
Addressees:
CB/J. Lovell FC/E. F. Kranz
M. Collins FA/R. T. Rose
CF/W. Anderson EG2/C. F. Wasson
CF/J. Cotter CF/Lt. Col. T. P. Stafford
EA5/P. Deans Cmdr. E. A. Cernan
EG/D. Cheatham Cmdr. J. W. Young
PD/J. Sevier Col. L. G. Cooper
R. Ward Maj. D. F. Fisele
FC/G. Lunney Cmdr. E. D. Mitchell
¢. Charlesworth Mej. C. M, Duke
FS$2/J. Watkins
FM/J. P. Mayer ce:
H. W. Tindall, Jr. } FM/Branch Chiefs
D. H. Owen FM2/J. €. Harpold
C. Grover
J. K. Burton
FM5/R. L. Berry
© H. D. Beck
MSC FL 1119B-9-68 FM6/K. A. Young
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TOR O NUKBO

TRAJECTORY CHANGE REQUEST

TRHLGE AT DN

APPROVAL [DIwISION MIRS REPT

: OATE
onald L. Berry/William J. Bennett{ April 25, 1969
alssion Planning % Analysis Div. 1

FEASDN FUR Ce3NEE mpsed on Apollo 8 postflight lunar orbit navigaﬁ%ﬁn analysis, it may be
necessary to derive empirical corrections to the MSFN/RTCC or¥it determination solutions
to ensble accurate vector propogation and targeting of the "G" mission DOI and landing
maneuvers. Since the effect of orbit orientation on the empirical correctionr ts
unknown, the corrections would potentially have to be derived in real time unless an
identical orbit ground track had been flown on & previous mission. Therefore, if "¥"
flies the exact "G" lunar orbit, the empirical corrections for "G" can be derived wiih
a high degree of confidence prior to the "G" mission.

Also, the identical ground track will yield an increased applicability of "F" strip
photography and crew observations to "G" training.

SESIR|PTION F IHANGE

The lunar orbit orientation change will be accomplished via a com-
bination of & translunar midcourse and L0OI. mansuver. The midcourse would be targeted
by the RTCC free return best adaptive path (BAP) mode through the use of a MED to
control the lunar landing site approach azimuth so as to cobtalin a resultant translunar
trajectory compatible with the desired new orbit orientation. ILOI, would be targeted

in the usual manner using a MED to obtain the desired new lunar landing site approach
azimuth.

DAaTE
APPROVED [] nisaperoven
[:] TYPE | (CCB REFERRAL) TYPE b
SCHEDULE 1MPACT AFFECTED BASELINE DOCUMEINTS
NONE

Operational Trajectory

REMARKS:

The enclosed tables show & comparison of significant mission parameters between the
"0ld" F mission profile and the "new" F profile with the "G" mission lunar orbit
orientation., The end-of-mission AV and propellant reserves shown are over and sbove
that required for a quick return TEI and 30 dispersions. These reserves are
sufficient to cover a typical CSM rescue of the IM (300 - 500 fps) but are not always
sufficient for a "worst case" IM rescue (800 fps). However, this latter contingency
can always be covered by targeting TEI for a day later return in real time. The
reductions in the AV and prcpellent reserves for the "new" profile sre due primarily
to the translunar midcourse and the increased magnitude of LOI,. Note, however, that
the new SPS performance requirements still allow & quick return TEI and, thus,
approximately an eight-day mission.
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F MISSION IUNAR ORBIT CRIENTATION CHANGE FOR MAY LAUNCH WINDOW

Site 2 Site 3

01d New 0ld New
Launch date May 18 May 18 May 20 May 20
Tunar landing site
epproach azimuth (deg) -95.25 -91.0 -95.75 -89.0
Tunar orbit inclination
(deg) 5.3 1.2 5.8 1.1
Translunar midcourse AV (fps)

(72°/90° /108" launch

bzimuth - 1 st injection - 56/65/5u4 - 21/22/20
opportunitﬁ
0T (1 + 2) AV (fps) 2982/2996/2982 3ibh/3156/3loo 2990/3002/2990 3198/324C/3191
SPS AV reserve (fps) 1306/1108/984 966/677/655 1786/1686/1632 ' 1349/1188/1210
SPS propellant reserve
(1bs) 3011/2518/221k | 2171/1b79/1k27 | L279/40L5 /387k4 3141/2736/2791




F MISSION IUNAR ORBIT ORIENTATION CHANGE FOR JUNE LAUNCH WINDOW

Launch date

Tunar landing site
approach azimuth
(deg)

Tunar orbit inclination
(deg)

Translunar midcourse AV (fps)
(72°/900/108" launch

azimuth . <lst injection

opportunity) .

LoI (1 + 2) AV (fps

SPS AV reserve (fps)

SPS propellant reserve
(1bs)

Site 2 Site 3
0ld New 014 New
June 17 June 17 June 19 June 19
-95.25° -91.0 -95.75 -89.0
5.3 1.2 5.8 1.1
- 6/TBD/5 - 16/12/TBD
2986/2989/2988 3079/TBD/3073 3011/3006/TBD 3113/3138/T8D
1812/1721/1650 1610/ TED/1467 1922/1874/TED 1575 /1484 /TBD
43bl/4108/3922 3816/T8D/3kkk L6Ls/h51h/TRD 3725/3490/ TR}




TRAJECTORY CHANGE

EVALUATION

TCR O NUWMBER

/‘_| AGCEP TABLE D UNACCEPTABLE

TYPE APPROVAL

D YES D NO

REMARKS

SCHEDYLE tMPACT,

ENALUATRR O IMDRE QEPRESENTATIVE) DATE
SLEIPSRITIION
=
ATURE OF MDM DATE

WSC Form 1118C (Sep 68)
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UNITED STATES GOVERNMENT Mission Planning & Analvcis Divician
TO : Informal Distribution DATE: APR 17 1969

60-FMU6-107

FROM : Chairman, F Rendezvous Navigation Mission Techniques Panel
SUBJECT: ' Rendezvous Navigatilon Mission Techniques Panel Meeting, April 10, 1969

1. Reference: "Onboard Tracking Schedules for Missions F and G," 69-FMi6-29,
Mh/Jack H. Shreffler, February 7, 1969.

2. The purpose of this meeting was to review navigation error analyses
performed by MIT and MSC and to determine the nominal onboard navigation
techniques or identify a specific course of action to establish the navi-
gation techniques for the F Mission rendezvous., Navigation and dispersion
analyses have determined the LGC navigation techniques which are described
in the reference to be acceptable. Some minor navigation techniques changes
to simplify crew procedures were made at the meeting, but these changes have
no impact on the expected maneuver accuracy. Navigation and dispersion
analyses have determined the CMC navigation techniques (reference) to be
unacceptable for CSI maneuver targeting. Proposed methods for solving

the CSI navigation problem are discussed later in this memorandum. The

CSM navigation techniques for the other rendezvous maneuvers are acceptable.
Updated onboard rendezvous tracking schedules, W-matrix reinitialization
schedules, and P-20 erasable memory parameter 1lists are included in this
memoranduamn.

3. Bruce Williamson (MPAD) provided a discussion on the emperical technique
developed by E. R. Schiesser and himself for computing navigation covariance
matrices for MSFN tracking of a spacecraft in lunar orbit. These matrices
provide the estimated accuracy with which the spacecraft's lunar orbit can
be determined by the RICC orbit determination program using the tracking
data of the MSFN.

L. MIT and MPAD presented the results of CSM navigation and dispersion
analyses. The MPAD estimate of the CSM capability to provide CSI maneuver
targeting data (per the reference) is not sufficiently accurate to satisfy
the CSI maneuver voting logic. At the last F Mission rendezvous data
priority meeting, the CMC solution was omitted from consideration. In
order that the CSI maneuver targeting situation can be improved, the
Insertion to CSI tracking schedule has been revised to increase the
tracking interval to the maximum possible, However, MPAD results indicate
that by inhibiting the SXT data between Insertion and CSI, acceptable CSI
AV calculations can be expected. To determine the CSM navigation procedures
piror to CSI, the following four cases of CSM navigation between Insertion
and CSI are to be analyzed. These cases are arranged in descending order
of preference.

The information in this paper is unedited and is
not official FOD or MPAD information. It is
reieased to provide rapid circulation and may
later be incorporated in 4 formal paper.
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1. 3XT + VHF

2. BSXT + VHF with tracking terminating at CSI-9 minutes (VHF only
from CSI-12 minutes to CSI-9 minutes)

%. SXT + VHF for 8 minutes, reinitialize the W-matrix, initialize
VHF only tracking to CSI-9 minutes

L, VHF only to CSI-9 minutes

MIT and the Mathematical Physics Branch (MPAD) are to generate the covarinace
matrices of expected errors in the IM and CSM state vectors for these navi-
gation cases. The Orbital Mission Analysis Branch (MPAD) is to determine
the CST maneuver AV statistics with Monte Carlo dispersion analysis pro-
grams. If the increased tracking between Insertion and CSI in cases 1 or 2
provide acceptable CSI AV statistics, then the onboard procedures will con-
form to these results. That is, onboard tracking for the purpose of
targeting the CSI maneuver will terminate at CSI-12 if case 1 is accept-
able, If case 1 is not acceptable, VHF only between CSI-12 and CSI-9 will
be included. Assuming as previous analyses have indicated, the case L
results are acceptable and cases 1 and 2 are not, then the results of

case 3 will be compared to case 4. If case 3 results are also acceptable,
the recommendation will be made that the command module pilot adopt the
case 3 navigation. The tracking schedule and crew procedures would be
changed accordingly. If case 3 results are not acceptable, then case k4
havigation techniques are to be recommended. The case 3 navigation
technique has the advantage of providing the necessary out-of-plane
information prior to CSI required for the IM to meke an out-of-plane
velocity correction at CSI. The eight minutes of SXT tracking are ex-
pected to determine the out-of-plane velocity to better than 1 fps. If

the SXT tracking is not performed prior to the CSI maneuver, then the
nominal procedure of performing the out-of-plane corrections at CSI and

PC would be changed to PC and CDH. These maneuvers are optimally separated
by 907 in central angle just as CSI and PC are; therefore, no maneuver
penalty would be incurred. The analysis of these four cases are to be
completed and a recommended course of action will be made Wednesday,

April 16, 1969, in order that the navigation techrique can be exercised in
the full network simulation scheduled on Thursday, April 17, 1969. Tt
should be pointed out that the recommendation of cases 3 or 4 navigation
prior to CSI i1s tantamount to the requirement that VHF range data he available.

5. The differential corrections limits (RMAX and VMAX) in the IM and CSM
were set to 2000 ft. and 2 fps. In determining the RMAX and VMAX limits
and the techniques associated with accepting and rejecting navigation
data, we found that the heart of the problem is bound up in how to deter-
mine and declare the navigation system failed. As you can tell from
reading, not too much thought has been devoted here. The following
procedure was outlined for determining if the correction to the state
which viclates the RMAX or VMAX 1limit should be accepted are rejected.
Between DOI and CSI, the first mark after a maneuver or after a long time
period of no navigation, the RMAX and VMAX are expected to be exceeded
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and the mark is to bes accepted if RMAX 1s less than 12000 ft. and VMAX
is less than 12 fps. The next mark should be a large correction but not
so large as the first. This downward trend in the magnitudes of the
cocrrection should continue ag the relative state 1s continually improved.
If the corrections do not decrease, then the crew should investigate the
tracking data source to verify that the system is operating correctly.
For Instance, the astronaut knows 1f he made a good SXT mark; the VHF
range readout data can be checked verbally with the RR range meter; the
FR antenna can be checked for side lobe lock on; and the range rate
compared to the dsky display (V83E) in CSM or IM. If it has been deter-
mined that the tracking data source is operating correctly and yet
corrections to the state vector are not decreasing, there is a point
where the navigation system should be considered failed, whatever that
means. The logic of how the astronaut should come to this conclusion
was not discussed at this meeting. There are no plans to consider
exploring thls question in quest of solving it. If it 1s considered to
be worthwhile, then a meeting can be called for the purpose of attempting
to solve this riddle. If the wrrection to the state which triggers the
RMAX, VMAX alarm is more than 12000 ft. or 12 fps, then the mark is re-~
jected and the astrcnaut takes action to determine that his data source
is valid. If he determines the data source is valid, then he accepts
the next mark and the same process previously discussed is followed. If
he determines that the data source is invalid, he takes action to correct
the situation, if possible. If he cannot correct the problem, the cor-
rections that are being made to the state vector are too great to allow
them to continue and the tracking source should be consgsidered failed.
The RMAX and VMAX are set to 2000 and 2 because corrections greater than
this are only expected after a long period of no navigation or at the
first mark or two after a maneuver except Ingertion when four to six
large corrections can be expected. I we get a correction greater than
this amount in the middle of the tracking interval, then the mark-is

bad and should be rejected, After CSI, this differential correction
acceptability limit is dropped from 12000 ft. and 12 fps to 5000 ft. and
5 fps, because the expected relative errors between the onboard state
vectors are larger before CSI than following CS

I
Mi"

Paul T. Pixl
Attachments

Distribution: (See attached list)



P-20 Erasable Memory Parameter IList

LGC Recomended Value
RANGEVAR 0.1111111111E-4
RATEVAR - L.BTTTTTE-5
RMAX 2000 ft.

VMAX 2 ft/sec

RVARMIN 66. (meters )2

VVARMIN L1745 E-5 (meters/centi-sec )2
SHAFTVAR .00000L (rad)2

TRUNVAR .000001 (rad)2

WRENDPOS 10000. ft.

WRENIVEL 10 ft/sec

WSHAFT 015 rad.

WTRUN 015 rad.

oMe
WRENDPOS 10000. ft.
WRENDVEL 10 fps
RMAX 2000 ft.

VMAX 2 tt/sec
RVAR 0.
RVARMIN 900 £t.°

INTVAR

196. (meters )2
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Tracking Schedule for F Mlszsion Rendezvous

IM Rendezvous Radar

TIME EVENT
(Min.)
-189 DOT
-117 Phasing
=111 Initiate tracking, update CSM in this interval
-106 Cease tracking
- 87 Initiate tracking, update CSM In this interval,V93 after fourth
mark, W= 10000 ft.- 10 fps~- 15 MRAD
- 72 Cease tracking
- 3 Initiate tracking, update CSM in this interval
- 22 Cease tracking*
0 Insertion
V93 before first mark, W= 10000 ft.- 10 fps- 15 MRAD
18 Initiate tracking
39 Cease tracking
51 C3I
56 Tnitiate tracking ,
V93 after fourth mark, W= 2000 ft.- 2 fps- 5 MRAD
Th Cease tracking
80 Plane change
82 Tnitiate tracking
V93 after fourth mark, W= 2000 ft.- 2 fps- 5 MRAD
QT Cease tracking
109 CDH
111 Initiate tracking

iy

V93 after fourth mark, 2000 ft.- 2 fps~- 5 MRAD

134 Cease tracking

* Before Insertion there is a P27 update of the MSFN CSM State to
the LGC



Tracking Schedule for F Mission Rendezvous, cont'd.

IM Rendezvous Radar

TIME EVENT
(Min.)
1h6 TPT
V93 before first mark, W= 2000 ft.- 2 fps- 5 MRAD
1kg Initiate tracking
158 Cease tracking
161 Mol
V93 before first mark, W= 2000 ft.- 2 fps- 5 MRAD
163 Initiate tracking
173 Cease tracking

176 MC2



Tracking Schedule for ¥ Mission Rendezvous
(M Sextant and VHF Ranging

TIME EVENT

(Min. )
-189 LOT
-126 Initiate tracking*

-126 Cease tracking
-117 Phasing

-112 Initiate tracking, V93 after third mark, W= 10000 ft., 10 fps,
SXT TRK terminated between =102 and -89 during IM IMU alignment

- 79 Cease tracking

- 54 Initiate tracking, V93 after third SXT mark,
W= 10000 ft., 10 fps .

- 3k Cease tracking

0 Insertion¥**

V93 before first mark, W= 1000C ft., 10 fps
19 Initiate tracking***

39 Cease tracking
51 CsI
58 Tnitiate tracking

V93 after third mark, W= 2000 ft., 2 fps
T9 Cease tracking

¥ Tf valid VHF Range data are availlable at ranges less than about 327 n.mi.,
the P-20 navigation program should accept and allow the range data to correct
the state vector. Since a range ambiguity exists at ranges greater than

227 n.,mi, the data should be inhibited beyond 327 n.mi. For the purpose of
navigation capability analysis, VHF range data will only be assumed at ranges
less tlan 200 n.mi., the hardware specifications limit.

*% Before insertion there is a P27 update of the MSFN CSM state to the CMC
and following Insertion there is a P27 update of the LGC IM state to the CMC.

*¥¥%% Anslyses are in progress to determine the C3M navigation technique and
a recommendation will be made Wednesday, April 16, 1969.



Tracking Schedule for F Mission Rendezvous, cont'd.
(M Sextant and VHF Ranging

TIME EVENT
(Min.)

80 Plane change
85 Initiate tracking

V93 after third mark, W= 2000 ft., 2 fps
a7 Cease tracking

109 CDH
115 Initiate tracking

V93 after third mark, W= 2000 ft., 2 fps
133 Cease tracking

146 TPT

V93 before first mark, W= 2000 ft., 2 fps
151 Initiate tracking

158 Cease tracking
161 MC1

V93 before first mark, W= 2000 ft., 2 fps
164 Initiate tracking

173 Cease tracking

176 Mc2
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See list attached DATED March 20, 1969
PA/Chief, Apollo Data Priority Coordination
F mlzsion lunar orbit attitude sequence

This Dbelated memo is to describe the results of our March 10 Mis
Technigues meeting on the F mission lunsz orbit attitude seguences -
as well z2s I can rememoer them.

I reslize the following ssatement rust sound inconsistent, bui alt 8
there were a large numbder of changes to the attitude seguence as docu-
mented in Rocky Duncan's Internal Note, €9-FM-51, dated February 23, 1
my impression is that it is basically nearly rignt, Of course, it wil
have to be updated to reflect the many picky charnges we arrived at, Tuv

in the meantime it's still a good reference. T4 certainly served one
useful purpose. That is, at this meeting it brought out a nurber of
misunderstandings and minor dilsagreements which we were able to resolve.

The F mission attitude sequence must obviously be constrained to avoid
excessive RCS propellant usage. As s result, whenever possible an
inertial attitude was gelected which would provide all of the various
desired characteristics. TFor example, on the first couple of revs in
lunar orbit, it was planned to keep the szpacecrarfi essentially in the
10T burn attitude, just rolling it to provide hi-gain 3-band coverage
with the earth. This unfortunately doesn't provide much opportunity
for <he crew to view the lunar surface. That can't be called mandstory
for the mission, of course, but in practice is Just plain unreascnablie.
Who could suggest that the crew not look at the sunlit moon orce they
have gotten there, even if it costs some RCS. Accordingly, we asked
Duncan to work out a new attitude/attitude rate which would not only
glve the hi-gain antenna coverage but also a visual view of the lunar
surface on the daylight side. It must also support a P52 alignment in
the darkness, This inertial attitude sequence will be defined pre-fliunt
and will only be updated in real time (during c’s-lunar coast) i# the
launch date slips.

As you know, the landmark tracking with the IM atbiached will ©e cone
in the piteh mode, An attitude/attitude rate secuence proposed by
Duncen was accepted. It provides three minutes of useful observations

above 55 degrees elevation angle. Tt involves holding a pre-determined
inertial attitude until the spacecralft is at a 35 degree elevation =

ang'_e
as viewed from the landmark. At this time, a gitch rate of at least 0.3
degree 1s initiated. I would like to emphasize that "at leass.” The
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