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1.3 Life Support Equipment

1.8

SCOTT

Ingress
SCHWEICKART

CLBHD P i - 1-1

1.0 GBUITING AND INGRESS

I'd like to comment on the POV's that we
had on launch day. They were improved
over the cnes we had for CDDT for about
the first 10 minutes of their operation.
Then they started to cool down, and the
inlet temperature got pretty cool by the
time I was ready fo ingress in the space-
craft. I think something needs to be

done to keep them from getting too cool.

During CDDT, we had all decided that we
wanted to be strapped in in a reasonably
loose manner rather than very tightly,

and T think that all of us felt that

that worked cut guite well. On the launch
day, when Clyde Teague strapped us in, I
was gquite comfortaeble, and the shoulder
straps weren't too tight. I could reach
the gesarbox handle and also the pump
handle selector with relastive ease. T

never felt any lack of security anywhere

~COMMDENTIAL +
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SCHWEICKART

1.10 Comfort in Couch

SCOTT

OB ER ek

through the launch because of being

relatively loose in the straps.

I think our major problem prior to launch
was the tempersature in the suits. I
don't remember exactly what we were read-
ing as the inlet — it was running some-
where between 50 and 80 as we modulated
it back and forth. The modulation wasn't
adequate. By having to hold the bypass
valve in one position for 20 seconds or
longer, we were either at full hot or
full cold; and the full cold was too
cold, and the full hot was toc hot, I
think that we should do something signi-
ficant to improve this. The big problem
was that the inlet temperature, as we
read it on the pad, didn't seem to agree
at all (from a sensing standpoint) with
that which we felt in orbit. When we
were reading 50 suit inlet temperature

in orbit, we were - I was quite comfort-

able. This was not necessarily so on

S OPHDENFIAE -



SCOTT

MeDIVITT

SCHWEICKART

1.11 Cabin Closeout

SCOTT

the ground. It c¢reated an unnecessary
discomfort pricr to launch,

I might mention one thing about the
humidity. When we did have the suit by—
rass on or the temperature up high, the
humidity in the suits was such that when
¥you breathed on your helmet it fogged up
and didn't clear right away. As a matter
of fact, sometimes mine stayed fogged for
as much as 3 or 4 minutes.

I might comment also on cycling the bypass
valve for comfort. On my side of the
spacecraft, with the long hoses, I evi-
dently picked up s lot of heat exchange
from the cabin; and Jim and Dave were
muc@ more aware of the changes in temp-
erature than I was. The primary thing

I could notice on the right-hand side was
the change in relative humidity, which was

evidenced by the fogging of the wvisor.

I think that during the csebin closeout,

when the backup CMP draws water out of

~COMHBENT b
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SCOTT the system, he should be provided with
an adequate conteiner and not a plastic
bag. Dick hed to pass the plastic bag
with water in it over our heads to get

it cut the hetch. One drop of that bag

and we'd have haed a problem,

1,22 Vibration or Noisze Sensations

MeDIVITT The vibrations and noise that we en-
countered prior to lift-off were as we
had anticipated, as we had encountered
them in CDDT, and as we had been triefed
by the test conductors. There wasr't

anything abnormal.

1,13 Ground Communicatiocns and Countdown

SCHWEICKART Communicatiecns during the countdown were
supert compared to the CDDT. I don’'t have

any adverse comment about them,
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2.0 STATUS CHECKS AND COUNTDOWN

McDIVITT Under "Status Checks and Countdown," there
wes nothing ebnormal st all that happened
during this period except that we might
say that we could feel swing srms retract.
It wasn't a big bang or anything; they Just

retracted and you could feel it.






3.1 5-1C Ignition

MeDIVITT

PU=NSINSNC IV, 1

3.0 POWERED FLIGHT

The lead into the ignition was very good,
Stoney talked to us — started a couni-
down at T minus 15, gave us the ignition
time, and started on up. Stoney called
out ignition at 5 in this pariticular

case, On our transcript of the air-grcund
communications, it looks as though Stoney
called lift-off at 03. Whether or not it
actually occurred before that, I d¢ not
know. As I was watching the instruments,
I noticed that when he got down to
4-3-2-1-0 we nad all the lights come on
and go off the way they are suppeosed to
do. The spacecraft started vibrating,

and I could feel it 1lift off at about

the time he said, "Lift-off." Dave thinks
that we lifted off a couple of seconds
late, and T am really not sure when wve
did. I could feel it 1ift off about the
same time I got the 1lift-off czll from

Stoney, and 1 knew we were on our wWay.

amigiaDILIDENTIAL  »



32 ]

McDIVITT The clock started up, and we shifted into
P1l. Bo, we had all the indications on-
board that the thing had lifted off.

The vibrations really were not as great

as - had expected. I could see a vibra-
tion on the rate needles of about 1 deg/
sec in all the axes. There was no pitch

rate or roll rate.

3.2 Nioise and Vikratiorn Tevels

MeDIVTTT It was just a vibraticnal input to the
needles that came out indicating plus or
minus 1 deg/sec. The noise and vibration
was much less than T had expected after
having talked to the Apollo & crew-
members.  We could hear wvery well and
Fad ne troubtle discussing anything with
the other crewmembers. The noise wasg
not too rcad until we started getting up
in the MAX g region at approximately
50 seconds, where the noise and vibration
did build up some more. We went right
through MAX g without any major oscilla-

tions. The angle of attack d4did rnot get

| ARATNESTRT= N e N
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MeDIVITT over about 10 or 15 percent during

launch.

3.3 Eolddown Release

VeDIVIT - should mention that I could feel the

nolddewns go when we lifted off.

Lad
o

Roll Progran

MeDIVITT The roll program started when it was

gupposed to start.

3.7 TPizen Frogran

MeDIVITT Also, the viteh program started when it

was supposed to start.

3.8 FEoll Complete

MeDIVITT The roll was complete. There were not
any abnormalities during tais particular

time,

3.10 Cabin Preossure

MeDIV-TT The cabin pressure decreased when it was
supposed to, and it was very obvious when

it did.

 EEOEDENTIAL
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3.12 MAX g Noise Levels

MeDIVITT

Lad

The MAX q noises and the vibrations were
both high but certainly not unexpected.
T do not think they were excegsively

high.

.13 Control Response in High g Region

MeDIVIPT

The spacecraft and booster flew through

the MAX ¢ region with no trouble.

3.14 FEmergency Detection System

MedTVTTY

18 8-IC Inboard Cut-off

Al

MeDIVITT

3.19 S5-TC Outboard Cut-off

WMedIVITT

The EDS seemed to be operating properly.

The inboard engine cut off when it was
supposed to. I called it out and, sure

eacugh, 1t cut down.

Then, we had the outbeard cut-off, which
was probably the most spectacular part of
the whole flight that is, when the S5-IC
shut down. Tt almost felt like the retros
fired before we separated the S5-IC and
the 2-I1 because it threw us all forward.

Dave and Rusty were in the instrument

W—lﬁ



McDIVITT

SCOTT

MeDIVITT

ikl ., 3-5

panel, and I do not really remember where

1 was.

One thing I might comment on relative to
the shoulder harness. It was nice to
have them comfortable and loose prior to
launch; but at 5-1I staging, I got thrown
pretty far forward into the siraps. I
did not contact the instrument panel,
but T had to put my hand up on the panel.
I might suggest a more intermediate
adjustment to the straps rather than

having them too loose.

I had the impression that I was completely
enveloped in a cloud of smoke at the

time, although I am not really sure that

I saw any out through the windows., I

was not looking out the windows very

much during launch. As a matter of fact,
I did not look out until we were almost

in orbit. But, as a matter of fact, it

is interesting — going through the air-
to-ground ccommunications here —— that

the IMP and the CDR seemed to be

ANy, +
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MeDIVITT intermixed with what they actually were
saying and what the transcript has. Any-
way, when we did the S-IC cut-off, it
was very abrupt and very hard with a big

bang and a cloud of smoke,

3.22 B5-11 Engine Ignition

MeDIVITT The 5-I1 started up just the way it should

have. We flew along for awhile,

3.23 Gaseocus Products

McDIVITT Somewhere along here, I began to see
smoke curling down between the boost
protectof cover and the window on the
left-hand side. It wasn't any concern.
T just thought that the boogt protector
cover was burning. I might comment —
right at lift-off, something which was
behind the main instrument panel on the
left-hand side, came hurling out from
behind the paneling. It bounced off my
helmet and down into the LEB. It was

quite a sensation right at lift-off.

SCHWEICKART Did we ever find out what that was?



MeDIVITY

Jo. I don't know what it was. The S-I1
ignition went the way it should have.

We flew along. 1 started up the gimbsal
motors, and they started the way they
should have. I could feel the 5-IT1
gsecond plane 3EP. It made a distinct
thud wnen it went off; and the light

went out, of course.

3.28 Unusual Yoises or Vibrations

MeDIVITT

3.29 LT =znd BPC Jettison

MeDIVITT

When we got to approximately T minutes

30 seconds, or in that neighborhcod, we
vegan to pick up a very small oscilliation
on the 85-IT. This built up mildly until
the staging of the 3-IVB. It was never
of any coacern to us. It was jusi s
very, very mild osecillation in the back-
ground, witich was certainly nothing Lo
be concerned witn. Lever was any doubt
about whether or not the vehicle would

hold together.

We jettisconed the tower as planned. It

went away with a big cloua of smoke and
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McDIVITT

3.30 Guidance

SCOTT

e

a bang, just the way it should have. The
8-11 steered the way it should have, and
it was a very nominal ride. We will let
the other people comment on their impres-
sions of the launch or I will just con-
tinue. We seem to have some disparity
between what everybody expected. The
largest rate that T detected, except for
the recll rate, during the entire launch
profile was 1 deg/sec, which is the

steering rate of the vehicle.

I will just go over the guidance part
relative to the DSKY and the onbeard
chart,l would like to say that the chart
was very good., It gave us a good indica-
tion of where we were, what was going on,
and what would ocecur next, provided that
the guidance was good —— that the onboard
G&N was good, which it was Iin our partie-
ular situation. The 5~IC part appeared
to be very close to nominal all the way

up to staging. After we staged and got

OO EM Akt



2COTT

on the 5-I1, the U dot velocity rlot
showed us to be somewhat low. TIn other
words, the H dot was lower than nominal
for the inertial velocity that we had
off the DSKY. However, this did converge
and corie back into the nominal curve
about the time we reached the 5-TVE
early staging to orbit poiat, which
oceurred almost cxactly at the time the
ground called it up. 'The chart and the
ground were in agreenment all the way, zas
far as timez go. At the time we had a
go from the ground for tower jet, we
also hed better than 3 minutes TFF off
the D3XY on the ¥OUN 50 display, which
indicated that the G&N also said we were
go Tor the towcr Jet. At approximacely
02:30, T gcalied the HNOUXN 50 to take a
look st TFF and monitored that tc tower
Jets and then, at 5 minutes or so, I
called the JOUW €2 to watch the inertial
velocily get the S-IVB 4o orbit, which

as i1 mentioned, agreed with the ground.
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SCOLT

Az we approached S-IVB cut-off, we were
monitoring WOUN Li which gave us the HD
to ensure that we got 75 miles and that
locked as if it was geoling to be a close
race between cut-of? and T5 nmiles. ' We
had just barely passed 75 miles when we
got cut-off, and i1t was a rather rapid
convergence of about 20 miles per step
out of the DEKY. Several seconds before
cut-of'f, we were still minus Hp’ which
was a little exciting at that time.
There seemed to be some guestion about
the wvalidity of the G&¥ during launch,
probably, because of a possible platform
misalignment or the X-FIFA bias: but tae
insertion reading out of VEZRB 82 was an
apogee of 103 and a perigee of 89.5,
which was somewhat different from the
initial ground call of 107 by 28.9.
Tiater, after insertion, the refined
ground-based orbit was 103.9 by 102.3.
There was a disparity between the G&N
and the ground tracking as far as the

initial orbit was concerncd. Later,
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SCOTT when we got ready to do 5PS number 1,
the ground called and commented that we
would be off by some 2 ft/sec because of
an X-PIPA bias problem; so this probably
was the contributing factor to the orbhit.
The initial IMU realignment to PS2 was
performed at approximately L0 minutes
after the optics were installed. I got
a set of gyro torguing angles which were
plus 0.116 and minus '0.032 and a minus
0.108. These are falrly close to what

you would expect from a nominal platform.

3.33 8-T1/8-IVB Separation

MeDIVITT The S5-IVB staging was much less severe

than that of the 5-IC and the 5-II.

3.34 S-IVB Engine Ignition

MeDIVITT The 3-IVB engine ignited the way it should
have which was very mild., It was a less-
than-lg ride. It steered the way I had
expected it to — the way I had seen it
steer in simulations. We never had any

very large oscillations. Again, the
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McDIVITT

3.37 Scale Change

MeDIVITT

3.40 Distinction of Sounds and

steering rate was 1 deg/sec, just the

wvay it should have been.

I never changed the scale to 50 lS;_I

used 5 and 5 all the way into orbit.

Vibraticns

McDIVITT

SCHWET CKART

There were no ogscillaticns on the 3-IVB.
The separation lights all performed the
way I had expected them to perform.
During this time, I was getting a good
description of our trajectory from Dave.
He was telling me where we were on the
curve. We got into orbit.

Between S5-IC inboard cut-off and the
outboard cut-off, I had a very definite
impression of longitudinal vibrations or
oscillations, almost a chugging kind of
feeling. It would be hard to estimate
the frequency, bhut it was somewhere down
below 10 cycles. Alsc, there was a very
definite physioclogical feel in the seat

of the pants. I was not expecting these,



SCHWEICKART

3.42  B5-IV3 ECO

MeDIVITT

a - .
3.42 Communications

MeDIVITT

SCHWEICKART

A 3-13

and it lasted rigkt through 5-IC cut-off.
My reaction to 5-1C cut-off was very much
like Dave's. I had the feeling that we
aid not experience simply a release of g
but that we actually experienced a slight
negative acceleration at 3-IC cut-off,
which threw both Dave and I forward toward

the instrument panel. I vaguely recall

using my hands to hold me off the panci,

The S-IV3 shut down very mildly, and we
checked the DSXY. I will let Dave discuss

what we saw there.

My cormmunications with the ground were
good all the way up. I never had any
difficulty reading them, and I assume

they nad no d¢ifficulty reading me.

I felt that the COMM was good all the

way up, with the exception of the vicinity
of the MAX g region. Here, my own sutjec-

tive impression was that, had we not been
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SCHWEICKART

;“?E%E“ia“éEt£¥iffﬁﬂk

wearing helmets, it would have been very
difficult to communicate at that point
in the flight. I think, perhaps, that
each of us had different impressions at
that point; but I was not able to'read
Jim and Dave tao well at that point.
Also, T was aware that, to be heard, I
2lmost had to yell into vhe microvhones.
dowever, it did not last too long, and
the majority of the launch had a very
low ncise level. 7The communications on
the S-band during launch were generally
worse than what I had expected. BSonme-
where in the time period, just before

3 minutes, the S-band began picking up

a good bit of noise. The noise increased
from time to time to the point that I was
forced to reduce my S-band volume fo
communicate with the other crewmembers.
It began to clear up at approximately

5 minutes 30 seconds or more into the
flight. ZIn fact, T guess it was just

before & minutes that we seemed to get

SOMEDENTIAL -3
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SCHWEICKART

Control and Displays

MeDIVITT

3 3-15

a nice clean lock on, and the noise
stopped. It was before switching to

OMNY D. The noise then lasted for almost
3 minutes on the S-band. 1 had a feeling
that I should have had the freedom to go
ahead and to switch antennas manually to
improve the communications on the S-band.
I think that if the entire crew were on
S-band, it would have been bothersome to
the point that it would have interfered
with crew operations. Tuckily, we ran
with only the IMP on S~band, and it was
not really necessary for me to be involved
in communhications between Jim and Dave.
Once we got onto OMNI D at 06:15, as I
recall it, the S-band stsyed nice and
clean all the way into orbit and through

Canaries.

One of the things that was of some concern
to us was when Rusty called out that we
had lost SPS helium pressure at lift-off.

As soon as we got through the crucial
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McDIVITT mode 1A and 1B regions, I wanted to find
out if we really had an SPS engine because,
if we didn't, it would have been a 1little
difficult to perform mode 3 and made 4
abort. We got confirmation from the
ground that we had good SPS helium pres-
sure and that we had just lost either
the gage or something onboard the space-
craft that contributed to the readout.

SCHWEICKART I could alsc feel the lift-off. I think
the thing which preoccupied me, at that
point, was that the SPS helium pressure
indication loocked as though it was tied
to the ground. Exactly at the instant
we had 1lift-off, the needle went right
to zerc., T did not say anything about
it until approximately 30 seconds into
the flight, when most of the commotion
of tower clear and all those kinds of
things were over. At that time, I mentioned
it to Jim. I think we were somewhere up
in mode 1C region when I asked Jim whether
he would like for me to mention that to

the ground. He said, "Yes," and I called
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3-17

Houston witk it. EHousten called beck
with something completely irrelevant to
the remarx on the S5FS helium pressure
which Jed us Lc believe that they did

not read us. Jim checked on that and
sure enough they nad not heard 1t. As
soon as they were aware that we had s
bad onboard indication, they told us that
we were go. At that point, we speculated
it might be a circuit bresker or something
of that nature, and we planned to check
it in orbit. It turred out that there
was nothing we coula do about it. it was

sprparently a transducer failure.

3.45 Crew Comfort Tharough Powered Flight

MeDIVITT

SCOTT

1 wags as comfortable as, T guess, you can
get during a power flight. It was mild.
Ag far as the g-levels went, they were
low and sort of like arn old lady's ride
into orbit.

¥y physiclogical scnsations were about

the same as those Jim described.
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4.0 ORBITAL OPERATIONS

4.1 First Day

4,1.,1 Insertion to Separation

MeDIVITT

2. Postinsertion systems cenfiguration
and checks: After we got into orbit, we
checked to make sure that we had a safe
orbit. As scon as we determined that we
had a safe orbit, I turned off the gimbal
motors; and we started into the postin-
sertion checklist, which went very smooth-
ly. We had it configured in the time-
line type of thing with my checklist
having a director's composition to it so
that I could make sure that all of the
checks were done and that each individual
checklist had a detailed coperation in it.
We went through the checklists and just
put postinsertion checks, which were a
conglomeration of things that had to be
done. They went along fine. We did the
ECS postinsertion configuration, ECS re-

dundant component check, ECS monitoring

check, GDC align, EMS test, EPS monitoring
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MeDIVITT

SCOTT

check, instslled the copiics, service
module RCS monitoring ckeck, and right

on down the list., We had no ancmalies
except for one or two. The helium pres-
sure on the command module RCE was read-
ing slightly low — 3900 and 3820. It
remained at that reading thrcughout the
flight which wzs below the limit that

was set for us in our checklist. At the
end of this particular check, I ended up
with & few things that we had rot accon-
rlished because of Lime and iraccessiIbility
of some of the handles and things that

we needed with which %o work. These were
the leak check in the secondary loop, the
backup voice check, and a PIPA bias check
which we completed later on in the day.
Ancther thing that we did not complete
during this particular time was the main

regulator checks, which we also completed

at & later time.

The Intent. was to perform the main reg-—

ulator check over a ground staticn, but
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SCOTY the timeline just did not work out effi-
ciently so that we could do it. We had
to perform it without ground contact,

btut the check was acceptable,

SCHWEICKART In the postinsertion checks that I pulled,
there were some recordings 1 tock which
I suppose should be reported here. The
three fuel cells were all pulling 25 amps
apieces; Bat Bus A was reading 32 volts,
Bat Bus B was reading 32 volts, and Bat
Bus C was reading 37 volts. I made the
de voltage-amperage check and the battery
relay bus check. I recorded it at
3.5 volts, and I am not exactly sure why
it was down to 3.5 at that time. The
8PS monitoring check data was recorded.
The helium pressure was off scale, low.
Everything else was nominal. The SFS
oxidizer and fuel quantities read 88.9
and 88.6, and the unbalance read plus

50 or 50 increase.

MeDIVITT I guess it is worthy of comment at this

time that throughout our checklist we
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MeDIVITT nad places to record dsta, and this data
was duly recorded irn the appropriate
checklist; so I will not read off a
theousand numbers which probably do not
mean anything to zrnybody anyway. If there
is any interest in all of these numbers,
we can get them out cf the checklist.

SCOTT 4, Optics cover jettison: The post-

insertion alignment has been discussed,

rd it worked very well.

a

100  All systems voerification ard post-
inzertion configuralion — docking probe
extension: The coptics dust covers came
cff as they were supposed to, and we ex-
tended the docking probe and got the same
ser.sations that we had in the chamber.
The probe went out in 0.2 or 0.3 second;
and we felt a definite thud when it hit
the end, indicating that it was all the
way out. We checked the talkbacks, and
they gave us the proper indica<tions.

~3. 5-IVB manueuver to T&D ATT: We
procecded with the checklist; we got set

up te do the transposition and docking,

pelal DL A
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switched couches with no problem, got

over MSFN, went through the pre-pyro
arming procedure, and got a GO for

PYRC ARM. The S-IVE, during this time,
was maintaining orbit rate. The only
thing on the S-IVB worth noting was that
we could see the attitude control system
in the S5-IVB firing at night — the thrus-
ters firing. Other than that, the 5-IVB
performed as we expected, completely
nominal with a well defined CORB RATE,

The venting of the S-IVB provided no
problem with doing the alignment at night.
There were no extra stars, and it was

eagy to track the stars at the ORB RATE
that the S5-~-IVB had.

1k. Subjective reaction to weightlessness:
The sensations to welghtlessness were as
expected., I felt a fullness in the head
but no vertigo or wvisual disturbances. T
remained in the couch until we were well
into darkness to ensure an adequate accom-
modation to the weightless state. When

T did go down to do the alignment, T felt

“EOMRDEN L Abes
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no unusual sensations ctner than a full-

ness in the hLesad.

Wher we got intec orbit, I felt the way I
had expected to feel. We were upside
down. I knew we were going tc go intc
orbit upside down, and it 4id not bother
me to be apparently hanging in the straps.
I had no sensations of any feeling that

would be botherscme.

My first reacticns to weightlessness
were the same as the othner two guys., I
had the fullness in the head, but 1 had
been well briefed in advance on it. I
did not particularly have any sensation
of head-down pesiticn, I did not move
around fery much, purposely. My inten-
tion was to stay in the couch as quiet

as the situation would allow and was able
to do so. I suffered no feeling of nausea
or vertigo throughout the first day. I
avoided most of those situtations in-
volving "rapid head motion or rapid in-

dividual movement." I had the feeling

= VI TP
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that if I had moved my head rapidly, I

would have felt dizzy.

4,1.2 BSeparation, Transposition, Docking, and Extraction

BSCOTT

The S-IVB maneuvered to the T&D

attitude at the correct time and went to
the proper angles as were defined prior

to flight. It took us a number of months
to get these angles for the S-IVB, and I
guess the efforts peid off because they
were proper. It maneuvered to 181.94 and
14.78. We had preset the G&N error needles
to these values, and at the completion of
one 3-IVB maneuver, the needles were
nulied within the 8-IVB dead band.

At the completion of the 5-IVB maneuver,

we proceeded according to the checklist

to prepare for the separation, transpo-
sition, and docking.

3. 5-IVB tank pressure measurement

reading accuracy: After we armed the pyros
and began to proceed with the separation,
we noticed that the launch vehicle tank
pressure gage was not indicating what we

expected it to. In looking back, we

=EOTMD N ik~



COMEHDENT— .

acoTT found that we had zdded a step shortly
prior to fligat to wvull the EDS circult
breakers which, after insertion, disabled
the LV tank pressure gage. This was go-
ing to be our prime indication of separa-
tion. At this point, we did not take
time to troubleshcot the problem, feeling
that we would get a gocd indication of
separation.
4, Pyrc operation: At the time of sep-
aration, we got the lcud pyrc bang and
a definile indication that we had sepa-
ratead from the 5-IVE,
5. Oeparaticon from SLA: We started the
DET at the time we separated from the
S-IVB. The plar was to thrust for L sec-
onds which should have given us about
0.8 ft/sec separation velocity. I no-
ticed on the kM5, which had been set up
at 100 ft/sec to compensate for the
drift, that after I seconds we only had
approximately 0.L. I continued thrust-
ing until we had approximately C.6 on

the EMS whick took approximately 6 seconds.

NS e
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SCOTT At the time I attributed this to a dif-
ference between the simulator and the
actual vehicle.

We started the pitch around at 1% seconds
at approximately 2 deg/secf I guess the
first indication I had that we were doing
alright was when Jim saw the S-IVE. As

I recall, it was well before we pitched
G0 degrees that Jim saw it through the
hatch window, His comment was that we
were in the proper position for the turn
around. When we completed the 180-degrees
pitch maneuver, I noticed that the align-
ment was somewhat off in pitch and that
to get the needles nulled, I would have
to pitch up approximately 10 degrees., At
that time, I became suspicious of our
angles that we had gotten in preflight
because we previously had so much trouble
with them.

A summary of the transposition and docking
is contained on the onbeard SONY tape.
Upon looking back at the indications we

had on accelerations and pitch attitude

ORI E N Al
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after the separation and during the
transposition, it is obvicus that quad C
was not working, because we got less than
the nominal amount of accelerstion. Also,
we were In the Improper pitch attitude
when we turned arcund which might Jjusti-
fy the technique of accelerating cut at

a greater-than-necessary velocity teo com-
vensate for a guad failure, which is, in-
cidently, one of the things we did not
have time 4o simulate very much other

thar the procedurecs. Another significent
thing that we noticed was that the vent-
ing of the B8-IVR caused a somewhal greater
acceleration than what we had expected frcm
reading the prefliight data and also, from
observing the vent model in the simulator.
You could visually see the venting take
rlace from the gide of the S5-IVB., Tt

i1s a continuous vent, but you can see the
pulses as the system vents. We did not
get any indication from the ground as to
what the vent model was — whether it

was a high vent model or a low vent model.
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SCOTT 7. Visual inspection of SLA panels: The
gseparstion from the 5-IVB was a loud
bang as we had expected and we felt the
acceleration. We could see a lot of
debris through the windows, and Jim also
noticed a panel almost immediately —
one of the SLA panels moving away from the
spacecraft and moving backwards. The
control systems worked very well once we
got the quad problem squared awzy. Both
the 3CS and CMC DAP were good solid con-
trol systems, and the docking task was
relatively easy as far as the aligning
with the standoff cross and doing the
actugl contact,

SCHWEICKART 8. Photography, sequence and still: We
had our camerss set up with the 16mm
sequence camera mounted in the left-hand
rendezvous window — the number 2 window.
However, the remote control ceble was
being employed and ran across the cockpit
to the ILMP, 1 used the TOmm Hasselblad
camera to teke piectures (through the num-

ber 4 window) throughout the transposition,



L-12

SCEWEICKART

MeDIVITT

“CONFIDETTR <

docking, and extraction maneuvers. These
apparently came cut good.

11. Docking: After we had completed the
docking and had gotten the gocd sclid
bang of the latches, we pressurized the
tunnel,

13. 1M pressurizaetion: Everything worked
in the LM the way it was supposed to work.
We folliowed the checklist, and the pres-
surization procedures worked fine. The
pressurization procedures went very rapidly
because of the gaseous oxygen that we had
avalilable in the command medule. It tock
something less than 5 mirutes; we are not
really sure of the exact time. By using
the PLSS bottles and the surge tank, we
were gble to equalize tne pressure across
the hetch in a very short period of time.
I believe that when ve finished the pres-
surization, we still had something on the
order of T00 psi in the surge tank; and
we had approximateiy I psi in both space-

craft.

O EN AT
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The upper tunnel hatch mechanisms worked
properly. It was a well designed hatch.
15. Docking latches, umbilicals, power:

We were able to get it out irn a very shnort
time arnd to connect the umbilicals.

“he lighting — the tunnel lights — were
certainly adequate for us to do the job
that we had to do. The umbilicals are in
a rather precarious position end are
attached to the side of the LM with Velero,
and 1t ig a little difficult tc see around
on the other side of the drogue. 1 was
very careful aﬁout getting those umbilicals

out , because 1t appeared that if I nad ever

hit one and got it unstuck from the Velero
and 1f it nad gone out through the tunnel,
we would have had a real problem on our
hands trying to get it out. We are not
recommending g change. We gre just
recommending great care in extracting the
umbiliical, because if you do get it stuck
on the other side of the drogue, you are
gcing to have to fish for it; and you may

even have to take the probe and drogue cut.
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Ancther 1ittle bit of information is that
when we had finished dumping the 2LSS
tanks, we had the DELTA-P across the tun-
nel at 2.4, and we had expected 2.8. Tuere
are a lot of little rnumbers here that would
probably be of some interest, but the main
thing that we should get across here is
that the procedure we had for pressurizing
the tunnel in the LM worked very well. It
was quickly dene, and we had no problem of
walting around fcr the tunnel to pressurize
50 we could get in there and perform the
Job that we had to do.

When I looked up in the tunnel, I was not
abie to see any large scars on the drogue,
but I was not able to really see the drogue
very well, I went around and checked each
one of the latches; they were all locked
and latched. There was no problem at all
in verifying that they had operated prop-
erly. The bungee fairings were all
vertical and you could see that immediately,
which indicated that the things were alil

latched. I went arcund and inspected each
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MeDIVITT one of them though. It took a little time,
but T wanted to make sure that we had a
good solid tunnel because of the stroking
test, which we were going to do the next.
day.

aCoOTT 18. Evasive maneuvers: The ejection man-
euver wWent as planned. We thrusted aft
for 3 seconds at 5 seconds, pitched down
at 25 seconds, and were prepared to do the
6-second aft thrusting at 3 minutes after
ejection. There was no question that the
vehiclies had been ejected from the 5-IVE.
You could see movement and clearance from
the SLA ring btefore we even did ocur aft
3-second thrust at 5 seconds. After we'd
completed the 6-second evasive maneuver,
we could see the S-IVE as we had planned
and as we had seen in the simulations; but
it appeared that we were not mov{ng away
from the S-IVB as rapidly as we had ex-
rected. We maintained a closer relative
position than we had expected. It wvas
easily visible in the forward and hatch

windows at sll times.

~CONHDENTIt-
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The preflight curves were really a function
of the vent model and the magnitude of the
vent., With no vent, you continue to rise
above the 5-IVB relatively and to fall
behind. The higher the vent on the pre-
flight curves, the closer, of course, you
remain to the 8-IVB; and you drop down
below, which is what occurred in our par-
ticular situation. We went up above the
S5-IVB, back down below, and almost directly
aft of the engine. We crossed directly aft
of the engine at about S-IVE ignition minus
approximately a minute and a half, and we
were gbout 1000 feet awsy at the time.

19. Work load and timeline: The work load
and the timeline were about as we had ex-
pected, T do not think we ran into any
unforeseen problems during this entire time,
except the one that Dave mentioned. It
took a lot longer to dock because of the
lack of thrust left or translation left
that we had. As a matter of fact, we had
a few rather bad moments there trying to

figure out what was golng wrong.
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SCOTT The transfer to the LM power went very
well according to the procedures, except
that when we locoked at the systems test
meter we noticed some rapid fluctuations
in the voltage — 0.4 to 2.0. There were
some oscillations about the low values and
then jumps to the high values. At the time,
this gave us some concern, but it was sub-
sequently passed up from the ground that
that was the same c¢ycling that the LM
heaters had been performing prelaunch,
[After a certain period of time, the os-
cillation stabilized to less rapld move-
ments and more of a cyclic nature. ]

The evasive maneuver was performed saccord-
ing to the checklist and occurred approxi-
mately 5 seconds late, correction — on
time. We had waited about 3 minutes after
sunrise to ensure that we had adequate
lighting to see the S5-IVE, which worked
out to our preplanned time of 4 hours and

11 minutes.
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4,1.3 S-IVB Closecut and SPS Burn 1
McDIVITT 2. Preparation for first 5-IVE restart

and restart: As we were rotating around,
we kept the S-IVE in view, of course,
because we were staylng gquite close to it.
It was interesting to note that the engine
had gimbaled over tc cne side. It wasn't
right straight down the minus X-axis of
the 5-IVB. As we got right behind it, it
was & little difficult to tell if the
engine was peinting right at us or not.
Then as we dropped down a little bit below
it, we could see thet the engine was indeed
pointing sort of sideways. I don't know
when it came back into the straight down
the X-axis or through the c.g. as it should
have been. We were close enough behind it
so that when 1t 1it up there was some con-
cern about what the debris coming out of
the engine would do to the two vehicles,
However, we didn't recorient the spacecraft
or snything. We stayed where we were, and
we could see its engine start cycle and

some particles coming out of the engine,
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MeDIVITT It went thrqugh the normal segquence that
we had expected. There was some debris
that came down toward us. Whether it ever
got to the spacecraft or not I can't really
say, but it looked like it did. However,
we didn't feel any chunks apply to our
vehicle from its engine ejection or any-
thing like that. We were able to take
pictures of it while it started up and
flew away. There never was any concern
about it running into us; it was just a
concern of the ejection from the engine.

SCOTT During the time prior to the 5-IVBE igni-
tion, we were sble to keep it in view by
using roll only.

SCHWEICKART L. §-IVB venting operation (LOX—LHQO):

On the 3-IVB wventing, after we turned
around, it sppeared tc me that the vent on
my side of the S5~IVB would open up for about
a second {somewhere between & second and

2 seconds), then close down for 2 to 3 sec-
onds, and open up again for another second
to 3 seconds. It followed that same c¢ycle

of open and close, open and close. You

L N
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could see it as a sort of very tenuous
white exhaust coming out of the vent on
the side.

As & matter of fact, it loocked like that
was a nonprepulsive vent. There were two
vents coming out oppcsed to each other,
and I'm not sure, as I think about it,
that I ever saw the propulsive vent come
out.

From my side, it appeared as though the
vent was located toward the forward end
of the S-IVE but was pointing aft and
thrusting, that is, exhausting away from
us and therefore thrusting toward us. At
one point, when we were lined up with it,
I got to see both vents at the same time,
end they 4id vent together. There was
apparently no rotational motion or any
apparent motion associaeted with the S-IVB
when the vents went off.

7. S-IVB closecut: There was very little
thet we had to do with the S5-IVB closeout.
It's already been discussed in our trans-

pesition, docking, and ejection of the LM,
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8. IMU orientation realign and alignment
check: The reslignment prior te SPS
nunber 1 was nominal., I mean, it was
preferred.

G. FPreparation for 5PS burn 1: The

first SPS burn cccurred at epproximately

6 hours. We were not rushed in getiing
into it. We worked our way down through
the checklist without any problem, and

the burn was gquite nominal.

10. Parameters and performance of burn 1:
In locking back at it now and comparing
this burn with the retro burn, for example,
there was a significant difference in the
acceleration that you feel hetween an emply
CSM and a full IM/CSM combination. The
engine comes on sbruptly, but with the
tremendous mass there, the acceleragtion

is very low., It was 5 seconds to get

36.8 feet per second; or that was with a
nominal, and that was about what we burned,
There reslly isn't too much to say about
it. We only used cne set of vgll valves,

set A, At the time that we had the dburn,
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I believe Rusty reported that one of the
SPS ball valve indicators was a little
slow to return to its normal open position.
One was a little slow to open, but the
ground indicated that, from their data,
they were opening properly.

11. Daylight star check: The daylight
star check with the optics was performed
at & hours and 49 minutes at sunrise,

There was one check each at sunrise minus
15, sunrise, sunrise plus 5, and sunrise
plus 10. The significant point here, I
think, is that the number of stars visible
at sunrise was 19. 'The orientation of the
spacecraft was such that the moon was about
5 degrees above the top of the field of
view of the telescope, which was adequate
to eliminate it from the field of view but
still pretty close. If it had been in the
field of view, it would have washed out the
stars almost completely.

At sunrise, the earth cloud cover could not

be seen, but the LM quad visible in the

telescope field of view began to shine from
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reflections from the sun. As the sun rose,
this became brighter and brighter until it
was a brillisnt source of light through the
telescope. At sunrise plus 5 minutes, it
completely washed ocut thke stars. The land-
ing radar is alsc visible in the telescope
field of view; and at the right sun angle,
it toc would presernt a wrilliant object
because of reflection., These two items,
the gquad and the landing radar, really
occlude the field of view, not so rmuch from
thoeir size, bul from their reflection
capabilities. Even with those there, in
the daylight the sextant stars can still

be seen for final alignment in auto optics.
Back tc the daylight star check. One thing
I forgot tc menticn was that the moon re-
flected on a split in the prism of the
telescope and provided a nice wide band of
artificial light across the center of the
telescope, a brown light.

13. Doff PGA's: Towards the end of the
day , we doffed the PGA's and stowed them.

The LMP's PGA was stowed underneath the
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left~hand couch. The CDR's PGA was stowed
in the lower part of the L-shaped bag, and
the CMP's PGA waes stowed in the upper part
of the L-shaped bag. We didan't have much
difficulty doffing the PGA's. At least,

I didn't.

In doffing and donning the PGA the next
day and in getting ycur head in and out of
the neck ring while bending slmost in half,
(once you got your Lead inside the

suit, so that you really couldn't see),
there was a sensation of tumbling, even
though you weren't. At lemst, that was my
subjective sensation. The other guys might
comment on their's,

I never had any abnormal sensations in
getting in or out of my suit at any time.
I put it on very quickly and took it off
very quickly a number of times, and I felt
nothing.

The first time I put mine on, on day num-
ber 2, I ducked my head rapidly and stﬁck
it through the hole and did get a slight

sensation of gyro tumbling, but after that
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SCOTT there was never any problen.

McDIVITT 1L. Powerdown SC: In powering down the
spacecraft, we rowered down the computer,
the IMU, and the 3C8. We had a checklist
that we had worked cut preflight, and it
worked very welli. We went right through
it with no prcblem at all., We ended up
with our spscecraflt in o situation with
41l tke thrusters disabled. The stabili-
zation contrcl system was disgsabled so that
it could not fire any thrusters, and the
PGNCS was disabled so taat it could not
Tire any thrusters. Cur primary concern
was to get the guldance system set up so
that we wouldn't have any inadvertent jet
firings during tae period that we were
sleeping, and wc would not nave to worry
about the IMU geoing into gimbal laock. We
were able to go through this powered down
checklis®t rather guickly.

On the first day, we were supposed to start
our rest period at 9 hours. I have a note
in the flight plan that we finally got to

bed at 1l Zacurs, 2 hours late. It was an
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associated comment of terrible housekeeping.
It was just a matter cf trying to get all
the things done that we were supposed to

do. We'll comment on these in greater
detalil later. As for the timeline for the
Tirst day, we found that the housekeeping
required a falr amount of ftime, and we

hadn't really put it in the fimeline.
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L.2,1 Powering Up and Down of Spacecrafv
MeDIVITT In <he morning, when we started sovwering

up the spacecraft, we had a checklist
that we followed carefully and got every-
thing running asgain — just the way we
nad anticipated. We did not find any
problems except that it ook a little
longer to get everything done — not
Just the powering up and the powerirng
cown of the spacecraft but the auxiiiary
thning= as well; such as changing the
lithium hydroxide canisters, trying to
chlorirate the water, getting to the
bathroom on time, getting scmething to
eat, &nd then suiting up. A:l tlese

whings took a very long period of time.

4.2.2 TFlight Plan Updating

MeDIVITT We got the flignt plan updates early,

o)

ard we were able Tc incorporate them.

4.2.3 Communication Setup for Rest Feriods

MeDIVITT The communication setup that we had
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used for the first night rest period

was A and B RECEIVE VHF with the S-band
turned down. It turned out that the

VHF B freguency picked up a tower. T
assumed it to be an airfield tower some-
where in southeast asia. We could hear
the communication between the aircraft
and the tower on four passes during the
night, two of them relatively long. It
almost seemed like we were getting better
coverage out of the tower than what we
got out of a lot of the MSFN ground
stations at the time. CObviously, it
interrupted the sleep period for the
first night considerably. After that,

we went to a VHF A only at night, and

we were going to use the crew alert light
as the backup for that. We all slept a

lot better after getting off the chatter.

4.2.5 IMU Orientation Alignment and Realign

SCOTT

The initial IMU's, PSL and P52, were ab-

solutely nominagl. No problems.
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MeDIVITT We did the realignments between each of
the burns. It was at this time that I
first noticed that the shaft mechanical
read-out on the optics panel was stuck at
64, I had intended to use the mechanical
read-ocuts as a quick way of doing a star
sextant check, but found ocut we couldn't
do that because of the lack of the shaft
drive. The realignments were all pretty
nominal. We d4id have to rush through a
couple of them because of the realign burn
schedule that we had. Without having had
a great deal of practice using the optics,
I discovered that the landing radar, the
RCS quad, the earth, and the moon made a
box within which it was pretty difficult to
identify stars through the telescope. If
you spend a long enough time in looking,
dark adapting, and maneuvering around to
avoid looking at the objects that we al-
ready discussed, it wasn't too difficult.
It was pretty hard to identify some of the
stars. The torquing angles were all rea-

sonably small; I don't think there is any
s ol

o
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need to discuss them. The alignments all
went reasonably well. Ckay, I msy have
speken incorrectly here. The problem with
using the mechanical read-cuts was that
the read-out didn't operate. The drive
apparently drove the shaft around. The
units and tenths digits in the mechanical
read-out on the optics panel did not move,

They were stuck at 6b4.

4h.2.8 Performance of Burns 2, 3, and L

SCOTT

SPS number 2 was a G&N burn of 1 minute

and 51 seconds with & 40-percent ampiitude
stroker to be initiated after the first
minute of the burn. After the start and
during the first minute, the G&N rolled to
the left edge of the deadband, pitched up
approximately 3 degrees on the error needles,
and yawed right sbout a degree so that the
error needles were offset by 3 degrees and
a degree when the stroker was initiated.
The hO-percent stroker resulted in a zero-
to-peak of approximately C.l-degree maximum

piteh oseillation, and it damped in approxi-
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mately 5 seconds. One other ihing noted
was that when itne DELTA-V thrust B was
turned on at ignition plus 3 seconds, there
was 8 slight chug in the engine in the
thrust level.

Prior to starting the stroking test, we

had been maneuvering the spacecraft,; and
with the tremendous mass of the vehicle,

the minimum impulse was almost imperceptible
or the rate needles. We nad used the
acceleration command on a number of occa-
sions, and wien we did, I felt that there
was coupling between a pitch input and a
vehicle response of some sort — an oscilla-
tory response in both pitch and yaw. It
felt as if it were coupling the same way
that the SPS stroker test coupled on the
ME10L simulations that we ran at North
American., Frankly, I had expected to see
some tremendous osc¢illations when we did

the first stroker, and T didn't expect that
we'd even get into the second stroker because
of the way the spacecraft combination res-

ponded to just the RCS thruster inputs.
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SCOTT Yes, T agree with that; and it seemed that
with a good acceleration pulse, the whole
combination would bend. You could almost
feel it bending; but when we actuated the
stroker, we didn't get this same bending
sensation physiologically that we had ex-
perienced with the acceleration command RCS,
The feeling was not so much like a loose
Joint between the two vehieles but more

like there was a flexible rod that would

couple pitch and yaw because of the
bending.

After the stroker damped on SPS nunber 2,
the needle stabilized to & yaw left of
approximately 3 degrees and a pitch of
approximately 1 degree, At the completiocn
of the burn, the residuals were relatively
small. They were minus 0.1, plus 0.7, and
plus 0.3.

SPS number 3 was a G&N burn of L minutes
and 42 seconds, with a 100-percent ampli-
tude stroker after 1 minute and an MTVC 3CS
rate command for the last 45 seconds of

the burn, The stsrt was the same as SPS
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SCOTY numbter 2. When we initiated the full-
amplitude stroker, the response was similar
to the mission evaluator at North American,
excert that the amplitude was not as high
as we had experienced there. The pitch
rates during the first 3 secconds were
approximately O to minus 0.2, O to pesk,
end then at damp to pius 0.2 and cscilliated
around the plus 0.2, coupling in yaw as it
did on the mission evalustar. There would
be an coscilliation oycle in plitch; then it
would couple to an oscillation cycle in yaw
snd then back to pitch, with amplitudes
abcut cre-third the wvalues that we saw in
the mission evaluator. On the mission
evaluator, we saw an oscillaticn of plus

or minus 0.2 degree ver second, approximately

mw

minus 0.2 in piltchy whereas, in flight, it
was just an oscillasion frem 0 to C.Z2.
Therefore, it was about half the amplitude
that we saw in the mission evaluator.

It appeared that ail the oscillations damped
within approximately 10 seconds after the

completion of the strcoker. After the strok-

OO’
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er damped, the DAP again drifted over to
the minus 5-degree roll deadband and sat
at that point until we initiated the MIVC
by switching the spacecrafi control from
CMC to 3C5, When we performed the switch-
over, the 8CS TVC brought the spacecraft
back to zerc roll with a noticeable trans-
ient, In fact, the main transient that we
noticed was in roll. This was noticeable
physically and on the FDAI. By the time the
rates stablilized after the switchover, the
G&N error needles were almost full-scale
yaw left and pitch up, which required =a
manugl control back to null the error
needles, since we were using those for
our display. The GP1 indicaticns at the
time of switcnover were at pitch of approxi-
mately 1.9 degrees and a yaw of approxi-
mately minus 0.6. The trim values were
set at a pitch of plus 1.1 and a yaw of
minus 0.2. Thus, there was a noticeable
difference in the gimbal trim settings
relative to the actual position of the

gimbals when we switched over.
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The rotational hand-controller response
seemed more sensitive than on the mission
evaluator at North American. However, the
needles could be nulled without difficulty
but tended to start moving immediately after
reaching a null position.

It was more difficult to stop the needles
and have them remain at some fixed position
than it had been in the simulator. The
stick integrator appeared to work alright;
it just seemed as if the c.g. was changing
more rapidly than we had experienced in the
simulator. The residuals cn shutdown were
plus 2,7, minus 2.1, and minus 2.6. The
EMS DELTA-V counter was minus 6.6 and that
was used for the automatic shutdown of the
EMS. The DELTA—VC on the EMS and the Vg
display on the DSKY compared wvery well
throughout the burn, and the time also was
fairly accurate. The burn time was approxi-
mately 2 seconds different from the actusal
cutoff time for the long burn.

SPS number Y4 was a 20-second burn, G&N

automatic, and that was completely nominal.

CRERE—
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Residuals were plus 0.2, plus 3.5, ang

plus 3.3. Throughout all three burns, we
Lad quite a number of 5PS PU sensor lights,
which resulted in, I believe, seven master
alarms during the long burn. On burn &,
the EMS DELTA-V counter performed very well,
also., The resding at the end of the burn
was minus 6.2, and the difference between
the G&N and the DELTA-V counter should have
been approximately €.lL, according to the

ground update, the maneuver update.

L.2.10 Orbital Navigation Landmark znd Tracking

MeDIVITT

We dié not do any P22's on this particular
day, rnor did we do any orbital naviga-
wional landmark tracking with the IM on
because of the very highly packed time-
line. We delayed them until we had

completed the LM operaticns.

4,2.11 ORDEAL end ORDEAL Rates

MeDIVITT

CRDEAL and CORDEAL rates really did not
apply too much on this particular day

because we flew with the platform

aligned ocut of plane the entire dey, and
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ORDEAL is absoclutely useless in that

mode .,

4.2,13 Drifting Flight Operations

McDIVITT

The drifting-flight operations were okay.
With the platform on, you have to sort
of nursemaid it at all times, and we
found that the spacecraft tended to drift
into the gimbal lock area con this day.

We spent s lot of time flying it out of
the gimbal lock because the particular
vehicle configuration we had wanted to
trim. It seemed like the spacecraft
tried to get back into the plane all the
time. Because the platform was aligned
out of plane, we had problems with

it — not & lot of problems, but we had
to stay on the attitude to make sure we
kept out of gimbal lock.

One thing that is woerthy of comment here
ls that every time we went into drifting
flight, we brought the wvehicle rates
down %o scmething fairly low. 1 do not
believe, as long as we had the LM

attached, that we ever awcke to find the

“CONHB LA
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McDIVITT - rates to be over approximately 0.1 deg/sec
in any axes. After we Jettisoned the LM
and were in the command and service
module only, we awocke to find rates of
approximately of 0.2 deg/sec or less.

I think that orne day we had 0.3 deg/sec
in one axis, but it was a situation where
we d4id not intend to build up rates by
curselves without enhy thruster inputs
during the night, and I rather thought

that we would.
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4,2.1 Command Module
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1. Dcn PGA's: The derning of the PGA's
“ook place or the third day. Because of
going into the [M, I donned thé LCG for
the first time; and T noted thzt donning
~he PGA with the LCG is considerably more
difficult from the mcbility point of view
than donring It witk the CWG. The pri-
mary difference was the Iincreased diameter
of the arms caused by tne LCG. Becondly,
and of rmore significance, is the connec-
tion of the water hose toc the adapter in
the LCG. This hose restricted me from
pushing <he suit awsey to get ry head into
the neckring and made the slipping of the
nead inte the neckring a major task., It
almost regulired two peoplc to bend the
sult to get the head intoc the neckring.
“he same thing Is true for adoffing the
PGA; we adapted the technigue of naving
ancther crewman reach inside the suit

and disconnect the LG water connector

CSMBRMLLAL
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from the suit prior to doffing of the
suit. Otherwise, it would have been
nearly impossible toc get the PGA off.

2. Tunnel and IM pressurizaticn: We
left the tunnel valve on IM PRESS
overnight; and in checking the DELTA-P,
we still had a good seal on the LM.

The IM was still pressurized so there
was no need to pressurize the tunnel.

3. Clearing tunnel: We cleared the
tunnel, and I'1ll go through the general
hatch/probe/drogue operstions for instal-
ling and for clesring the tunnel. The
hatch, as Jim mentioned earlier, worked
fine. It was well designed — easy to
remove and easy to stow. As a matter of
fact, it is probably easier for one man
to clear the tunnel than for two, because
the other two men can get out of the way.
Tt is easy encough to move the components
of the tunnel around sc that one man can
do it ané direct the components to the

proper stowage location. This is easier
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than having two men in the tunnel because
it gets awfully crowded in the LEB. The
hatech stowage bag is too small, and there
seemed to be no need to have that fornm
fitted. If the stowage bag was larger,
it would be easier to get the hatch into
it and that would be adequate to hold
the hatch 1n position during the temporary
stowage. We did not zip the bag closed
because it was not necessary at any time.
We used a utility strap which was placed
acrogs the front of the bag on two snaps
to retain the hatch during the tunnel-
clearing operations and that was all

that was needed. The thermal control
coating on the outside of the hatch was
much too delicate for handling inside

the spacecraft. It came apart, and the
insulation beneath it flaked off. This
had been reported a number of times prior
to the flight but had never been
corrected; and again, we ran into the
problem during the flight. The hatch is

easy to move from the tunnel area to the

CONTTOENAL, <
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stowage location with the exception of
binding cun the tunnel handhelds. There
are four handhclds located inside cf the
tunnel., I never did seem to find a def-
inite need for these handholds; thus,
cernsideration skhould be given to removing
them. This would make the rmovement of
the hatch and the drogue through the
tunnel somewhat easier. The probe werked
as advertised. There were nc problems
with it at ali, and the timeline was
comparable to the l-g counterbalsnce
operations or the ground. The probe was
easy to collapse and to install. It

tecok the same number of strokes as we had
predicied to install the probe, with

the estimated forces con the rachst belng
less than 5C pounds. Thers was ng need
to have any retenticn to remove or tc
install the prebe. The center ccuch
provided adequate support, and you coculd
trace your back against the =side of the
tunnel to stroke the probe during in-
stallation. The drogue was probably the

vy
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SCOTT most difficult of the three items to
remove because of the requirement to
orient properly the lugs on the probe
to get them through the diameter of the
tunnel. I guess the entire tunnel clear-
arce went very well; it probably took
anywhere from 7 to 10 minutes to clean
out the tunnel completely and to reinstall
it. The only major obstacle Is the suit
hoses which are constently in the way and
which push you the wrong way. They twist
and are cumbersome; it is difficult to
get the components down into the command
module because of the hoses. BSome con-
sideration needs to be given to solving
the problem — probably more flexibility
in the hose. The tunnel checklist is
excellent; it is positiconed in the right
place, it provides adequate descriptions
to remove and to install all the hardware,
and it saves considerable time which would
be spent holding on to or going through

a handheld checklist. During tunnel

CES Bl i
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4.3,1 Command Module
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operations, the temporary stowing (for
example, putting the hatch under the left
couch, putting the probe under the seat
pan on the right couch, and putting the
drogue between the seat pan and the LEB)
seemed to work out very well. They were

easily retained and readily accessible.

3. Clearing tunnel: After clearing the
tunnel for the first time, we inspected
the drogue for damage, and there was no
apparent damage at all. The only visible
effect of the docking was a mark about
the width of a pencil some 4-1/2 inches
long from the apex of the drogue back in-

to the cone.

k. Closing tumnel: The tunnel closeout

worked just as well; the only thing worth
noting was that the hatch integrity check
took approximately 10 minutes.

5. Orientation alignment and realignment
of IMU: During the IMU orientation and

alignment on the third day, we discovered
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SCOTT we had a telescope which would occasion-
ally hang up at approximately 6l degrees
shaeft. We never did determine the cause
of the malfunction. It occurred g number
of times until the fifth day. After that
time, we left the opties switch on all
the time. We also noticed the occasion-
al hangups of the telescope were at multi-
-ples of 6l degrees until, I believe it was
the fourth day, we noticed that it also
cecurred at other points — one time at
15 degrees and another time at 37 degrees.

It seemed to occur in DIRECT and RESQLVE.

6. IM power transfer: At the completion
of Rusty's tunnel transfer to the IM, we
did a IM power transfer which worked nom-
inally in a VHF checkout. The only
significant item is that there did not
appear to be any difference in the CSM
antennas relative to the IM VHF. After
Jim transferred to the IM, the tunnel was
closed; the hatch was closed; and the
hatech-integrity check was performed.

The interior of the command module was



-6

SCOTT

OOl

cor.figured for an EV transfer, as it

was on each of the LM days. This includ-
cd removing and stowing the center couch
and deing the EV PREP down to the point
of donning helmet and gloves and de-~
pressing the cabin, which was approx-
imately a 10-minute job. This meant
that the command module was configured
within 10 minutes of opening the hatch.
The rcenter couch was easy tec remove

and to stow; it took approximately

5 winutes to take it out and to stow 1t
under the left{ couch.

9. Maneuvering for AOT star cbserva-
tions: At this time, AOT star observa-
tlon and LM S-hand antenna checks were not
mede.

10. Manecuvering for LM S-band steerable
antenna gttitude: Because nc AUT star
observation or LM S-band antenna checks
were made, we did not do the maneuvers
to those attitudes. Back to the CEM

configuration, I have a note here thatg
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SCOTT it took approximstely 20 minutes from
the time the hatch was closed until the
CSM can be configured completely with
the couch removed for the EVI, if you
hustle.

14, Minimum deadband attitude hold: Note,
that in going to MINIMUM DEADBAND for the
coarse glign with four-quad reoll and

SC8, the SCS was overshooting by about

0.1 deg/sec and would oscillate firing

the jets and not null. By turning

off two gquads, it would still overshoot

by about 0.05 deg/sec; however, in turn-
ing the LIMIT CYCLE ON it damped out and
seemed to be a very steble control mode.

SCHWEICKART The support of the IM communications
checks went without any particular
problems, and the COMM sounded good
throughout.

15. Preparstion for docked DPS burn: The
preparation for the docked DPS burn also
went as planned. The monitor of the burn
was set up (according to the procedures

prepared prior to flight) by loading the
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DAP and the CMC with the special para-
meters that MIT prepared to monitor the
IM burn in real time.

16. Meonitor DPS burn: During the IM DPS
burn, the time to go (ha and hp) were good
parameters and correlated very well with
the numbers that the LM was reading. By
locking out the window during the burn, I
determined that there was no visual plume
from the IPS. The acceleration level was
low enough so that there was no problem
of hanging in the straps; controls were
easy to reach, and it was easy to monitor
the systems in the command module.

The attitudes in the command module were
similar to what we experienced during the
simulations, but the excursions were not
quite as great. As I recall, it was some-
thing like 2 to 3 degrees from zero;
whereas during the simwlations, it was up
to T degrees.

At the completion of the DPS burn, the

residuals in the command module read
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minus 4.7, plus 3.8, and minus 1.3; the
DELTA-V counter read 17h0.6 with an apogee
of 271.7 and & perigee of 109.1; and the
cutocff time seemed to agree between the
two spacecrafts.

17. IVT to C5M: The IVT back to the
command module from the LM was the same as
previcusly described.

18, Tunnel operations: Reinstalling the
tunnel hardware after the CDR and the LMP
had transferred tc tne command module

took 1k minutes for the drogue, the probe,

and the hatch.

18. Tunnel operations: The tunnel opera-
tions were the same as previously de-

scribed.

19. Center couch installation: The
reinstallastion of the couch was no prob-
lem, and the reconfiguration of the com-
mand module back te a normal three-man

operation went nominally.

2l. Preparation for SPS burn number 5:

SEOMD AL~
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The IMU alignment and preparstion for
SPS number 5 was nominal.

22, E&P8 burn number 5 performance and
final parameters: SPS burn number S was
supposed to be a minimum L4O-second burn
to ensure that we would be able to use
the 8PS for future maneuvers; there was
some concern prior to the flight that
there would be a lot of chugging and a
pessible engine shutdown. We had some
very elaborate plans to take care of all
these contingencies. The ignition was
normal; we came out with bank B. We

got the little chug that we usually

got with bank B, and then we started
getting a relatively large attitude ex-
cursion. The attitude error needles
pegged in yaw to the left, and the attitude
centinued to go out but at a decreasing
rate until it finslly stopped. I would
guess the attitude excursion and yaw
initially was spproximately T degrees.
It then steered back through zero, off

the other side, and shut down before the

Pt e e
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steering cscillations had damped cut.
There were not any propulsion chugs. The
propulsion portion of the burn was very
nominal. We got the thing started and
stopped, and the chamber pressure stayed
up near 100 percent or 100 psi. There
were no significant discrepancies. The
only problem was the steering. We ended
up with residuals of plus 1.9 in X,

plus 11.1 in Y, and plus 3.4 in 2, with
a DELTA-V counter reading of 9.9. The
resulting orbit was 129.6 by 127.7, I
think., This was the greatest excursion
that we saw in any of the burns during
the mission, and we had expected it. We
had seen in simulations that thiz parti-
cular L4O-second burn with the IM config-

uration attached always ended up with =
fairly large dispersion in Y; sure enough,
we got this predicted 11 ft/sec. We did
not clean 1t up by burning out the resid-
ualg; this was not included in the flight

plan, and we ended up with somewhat of a

noncircular corbit for rendezvous., 1

e,
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think, from a propulsion standpoint, it
was a highly successful burn. Although
we had subjected the service module to
negative g's for almost € minutes or
more, we were able to retain enough fuel
in the O=-g cans to get the engine running.
The resultant maneuver kept the fuel in
the cen and did not allow any noticeable
amount of the gas to get into the chamber
or to create any abnermalities as far

ag charber pressures went. I might add
that we used a four-jet, lB-second

ullage for this maneuver to make sure
that we did have the fuel settled. In-
terestingly encugh, in the P30, our

ha and hp came out as 135.3 and 128.1,
and we ended up with a resultant orbit

of 129.6 and 127.7. These things are not
too correlatable but Just bits of infor-
mation.

23. Power down of spacecraft: I think
the powering down of the spacecraft was

comparable to the one described earlier,

SO D ihieldrieinn
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McDIVITT 2k, Doff PGA's: Also, the doffing of
the PGA's was comparable to the one de-
scribed esrlier.

SCHWEICKART Ancther point on the CSM attitude control
during day 3 with the docked configura-
tion was the continual necessity to moni-
tor and the sttempt to aveid gimbal lock.
Again, we had an ocut-of-plane alignment
for the docked DPS burn, and I had to
continually evoid {(with minimal impulse)
the gimbal lock region. It seemed as

. though the spacecraft wanted to trim
inplane into the gimbal lock region con-
tinuously throughout the day.

MeDIVITT The timeline in the morning from the end
af the rest pericd to the time when we
were supposed to transfer to the LM was
extremely tight. There were a lot of

problems tnat we had not anticipated

pricr to flight. I believe the major ones
were the suit hoses and, because of the
bulk of the suit, the inability of the
three crewmembers to operate simultane-

cusly and to maneuver around in the space-

SO
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craft when all three c¢rewmembers were

suited. However, this particular day was
complicated by the fact that the LMP
became 111 Just prior to the time when
the CMP was to perform the IMU alignment
at approximately 41 nours. This delayed
the alignment time until Just pricr to
sunrise. At this time, it was too late
to complete the IMU zlignment, and we had
to slip the IMU to the following dark-side
pass. This put us approximately

1-1/2 nours vehind entry to the LM,

There is a correction for the time re-
gquired to configure for the EVT in the
command module, which was stated as
approximately 20 minutes. After the
hatch is closed out and the CBM is set

up for the EVT, the time to configure
from this point is approximately

40 minutes. It requires 20 minutes to
reconfigure after completing the day's
activities, reinstalling the center couch,

and reconfiguring for standard operation,

COMBEALLLAL
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4,3.2 LM Initial Preparation and Checkout

SCHWEICKART

1. The LM AQT star observation pad and
the S-band steerable pad: We did not pick
up because we Were running approximstely
1 hour 10 minutes late at ingress to the
LM,

Once Dave got the tunnel hatches, probes,
drogues snd things out, operating the
dump valve went smoothly because it was
in the OPEN position. In the DUMP posi-
tion, there was no hiss, no differential
pressure across the hatch, Opening the
hatch was no problem as far as mobility,
handling, lighting, or anything else was
concerned. Upon going into the LM, I
realized after I had gotten over there
that the hoses were on the right-hand
side of my PGA, which we had not mentioned
in the checklist. They should be con-
nected to the left side, so that one can
connect the LM hoses to the right side.
The transfér hose was barely long enough
to get the job done, There were switches

in the forward left-hand and the forward
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SCEWEICKART right-hand side of the cockpit {the audio
control switches) which were just barely
within the reach envelcpe with the trans-
fer umpilical connected., Aside from
that, the IVT went smoothly. I connected
the inboard aft LM restraints to hold me
down to the floor, and I had no trouble
in getting back and forth from one side

of the spacecraft to the other,

L. PEntry status: The entry status check
went nominglly. There were no comments
on the entry status check. Zverything
wag as planned,

5. BSystems activation and checkout:
The system's activation went along as
planned, with the exception that the
glwecol temperature got in the vicinity
of T0 degrees prior to completing the
circuit breaker activation of panel 16.
5o, we went ahead and activated the
primary glycol ZIVAP flow to get the
cooling started. On the CAUTION and
WARNING checkout, the lights (as called

out in the checklist) were exactly the

et Beheiol A
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ones that were on. That was the first
time that we had seen any simulation or
any place where the lights were as adver-
tised. They were exactly as listed in
the checklist. One other thing — on

the suit fan H20 separator check, the

HEO SEP component light would take a

very long time {greater than 3 minutes)

to come on. Then, rather than use the
time, becsuse we knew from prior activs-
tion of the suit fan that the H2O SEP
component light did work, we went ahead
and switched over to the other suit fan

without waiting for the H_ 0O SEP compeonent

2
light to come on. On the S-band VHF
activation, we started ocut with a great
deal of neise in the LM, which we finally
recognized to be S-band hiss. When I
turned the S-band volume down, the VHF
came through loud and clear; and there
was no noticeable difference in any
antenna combination between the CSM and

the LM. They a1l sounded essentially

identical and were gll 5 square,

I,.p\ ' ol
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6. Close tunnel operations: Fellowing
the transfer of the commander into the
LM, we began the LM closeocut. The OFS's
were verified only to the extent that
the pressures were up in the nominal re-
gion on this day, because we were well
behind the timeline at this point. The
tunnel closeout started at about Lb:2T.
The tunnel closeout was performed ac-
cording to the checklist; we put the
drogue in place, placed the probe in
through the drogue, and examined the
capture latches. We could determine
from the LM side that the latches were
closed., This information was given to
the CMP. Then, we closed our LM hatch.
Total tunnmel closeout took 17 minutes.
At the completion of the tunnel close-
out, we tried to stow the OPS's and ran
intc a fit problem. The pin that goes
through the cylindrical hole on the
fitting, in the pack where the OPS pal-
let fits, would not fit in its own hole,

even with the pallet off. I never was
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able to make the pin go through the hole
and to lock in, although it had been done
on the ground. After a considerable
amount of pushing and shoving, I got the
pin into the point where I thought it
would, at least, hold the OPS pallets.
Unfortunately, it did not. Later on,
during the course of the day, the OPS
pallet (with its 80 pounds of 0PS's) was
found, a number of times, floating around
in the back. On subsequent days, I took
& piece of the Beta cloth netting that
was fastened near the handle (which made
it very difficult to operate) and actually
pulled that Beta cloth out and used the
web of it to hold the handle in the pin
hole so that, although the latching de-
vice didn't work as it was supposed to,
it 4id retain the OPS pallets on other
days. During this period, it was not
tethered to the floor by the tie-down
system. I ﬁas floating around free on
my hoses, and I found that I did not

have too much difficulty except when

SRkl
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working in the extreme rear of the space-
craft. I also found later on, when I
tried to do the docking, that the top of
my helmet was very badly marred, I am
sure that this marring came from the
three times that I had stowed the OPS
pallets in the back.

8. Daylight AOT star visibility: We did
not do the dgylight AOT star visibility
checz because of the lateness of our
start and our attempt to get back on the

timeline.

9. Communications tegts: The communica-
tion test, I believe, 1s a VHF activation

(I've already commented on that).

11. Lighting of interior: The lighting
in the rear of the spacecraft is very
poor; and when you are trying to operate
back in the area of the OPS pallet. The
lithium hydroxide canisters, or the bat-
tery compartments, there's practically no
lighting at all from the flocod lights,

You either have to bpring the utility
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lights back, which are extremely good
lights but which don’t have any place
really to fit in the rear, or to use
your flashlight -— and that makes it a
little inconvenient.

12. Window shades: The window shades
don't really keep the light out; they

keep the sun out but not the light.

They were somewhat marred; and the big
problem that we had with the window
shades was that, when we unfastened them
from the windows, they did not roll up
into the tight roll like they had on the
ground. They were in a rather loose
roll, and what we finally ended up doing
was 0o wedge them down behind the bars
on the windows or continue to fold them
up and to try to get them out of the
way. I found them to be in the way s
lot more than I had anticipated.

13. COAS lighting: It was at this time
that T first noticed that the COAS 1light-

ing against the cloud-covered earth was

a8
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very poor. IDven with the COAS vurned
full bright, the reticle was very diffi-
cult to see agalnst the clouds. I
checked it ocut in both the forward and
uprer windows and used this time to sce
how the COAS rattern lined up with the
target window in the command module, It
wasn't a very good lineup, but we had
expected that this wouldn't be lined up
in the docked configuration. It turned
cut that the center cf the docking tar-
get was u-1/2 degrecs low in the COAS

and a hal? degrec to the right.

1L, 5-band steerable antenna: Tris
antenna check was not performed becaudse

of the late ingress into the LM,

15. WMSFN 5-vand conference: The MOFE
S-band cconference was not performed be-
cause of the late ingress into the LM.
16, Landing gear deployment: The land-
ing gear deplofﬁent was done over the
Canaries and followed the checklist

essentially as written. My subjective

D o
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eDIVITL impression from the right-hand side was

that you could hear the pyros go off when
the landing gear was dropped. Within
about 1 to 2 seconds, there was a rather
solid thud as all four gears seemed to

hit the stops together. At that point,
Jim called out a gray indication on the
talkback; and the gear was down and locked,
When we put the gear down, they just went

down with a big clunk, and it was pretty

obvicus that we had at least one gear
down. We could lock out and see some of
them. In fact, I think we could see three
of the four gears.

SCOTT From the command module left-~-hand rendez-
vous window, you could see one gear come
out and snap into place.

SCHWEICKART _ 17. PLSS preparation: The PL3S prepara-
tion went essentially as planned. We
found no trouble in connecting the 0PS
to the top of the PLES. T think that
the new pin that was put in about a month
or two before lift-off made the operation

much smoother with regard to bringing the
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QPS5 and the PLES together. There was no
problen in connecting any of the communi-
cations connectors. Rather than have the
PLES tethered somewhere In the cabin, we
felt that the safest mode of owneration
wag to have it on my back; therefore, we
released the straps from their siowage
location and strapped on the PL35. Witna
the FL3E on my back, meobllity at that

time was rather severely restricted.

I had ne trounle in maintaining position
and never felt that T was endangering
anything in the cockpit by having it on
1y back. It was more a matier of not
moving around very nmuch or not teling

able to move around very mucih., One opera—
tion concerning the PL3S worthy of note
was lecceking the battery inte the PLSS.
This Is an operation witnh which we had
experienced diffieculsy from time to time
on the ground. For apparently unex-
pliained reasoné, even after a good bBit of
training and familiarity with the lock-

ing mechanism, cne could spend 2 to 5 min-
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utes trying te lock a battery in; and then
with one more try, it would go right in.
That very thing happened in flight. I
spent about 3 to 4 minutes and was just
about to give up on it. 1 tried one

more time, and it went in like a piece

of cake. To this day, we don't know what
the difficulty was, but my feeling is

that we ought to consider seriously

a redesign on the battery-locking

mechanism. It shouldn't be very complex.
In my opinion, the present design is a
little bit overly complex for the job

it does.

19. Post-PLS5S check: There was essen-
tially nothing in the post-PL3S check;
that's just a matter of taking it off and
stowing it. We had no trouble with that.
20. FEstablishing PGNS, AGS, and LGC
activities: To establish some reasonable
probability of completing the docked DPS
burn, we h;d to arrive back st a timeline

where we could start checking the space-

CO PR et~
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craft out again at the time in the time-
line when 1% was supposed {0 start, Thae
first item that we had to get to was the
DPS/APS RCS T=MPERATURE/PRZSSURE check
walch was supposed to occur just prior

to Carnarvon. Then we had to get our
PGYNS turned on, self-tested, and things
like %hat. Therefore, we made an effort
to get back on the timeline at this peint.
From this point on, we followed the ftime-

line precisely. At some points we were

a li<tle ahead, but we never fell behind
again, once we were established on some-
thing that resembled what we had planned
on doing.

I believe that the only thing worthy cf
comment on the DPS/AP3 RCS TEMP/PRESSURE
check was that they were all approximately
T0 degrees. It did not appear that at
any time during the flight we came even
close to freezing any of the propellants.
The PGNS, turn-on and self-test went as

expected. The AGS activation and self-

Nedabliak e
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test also went as expected. The rate

gyro check was pretty much as we'd experi-
enced in the spacecraft testing on the
ground. The rate needles on the 2 sides
of the spacecraft exhibited their own
peculiarities as far a hysteresis and
inaccuracy were concerned. The S5-degree
per second scale especially lacked sensi-
tivity. Jim will comment on this later

as to its effect Sn the operations. As
far ag 1 could see, there was no differ-

ence between vhat we saw in flight and

on the ground. That means that %here was
no improvement in what we saw in flight.
Jim mentioned that on his FDAI, there 4id
appear to be a greater offset in flight
than there had been on the ground. The

LGC clock initialization went quite smooth-

ly as did setting T We conducted the

ephem”
E-memory dump during the tunnel closeocut to
get a leg up on the checking of the E-

memory. To our knowledge, that went smooth-

ly on the ground. We had no return from

COMMBERILL
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the ground on that. On second thoughl, one
thing that came out of that was readjust-
ment of the unit-W vector. We had two
erasable memory locallions which had to be
readjusted because of the 3~day slip in

launch time.

21. IMU coarse align while docked: The
IM IMU docked alignment went essentially
the way that we had trained on it. As we
came through the tunnel, the docking ring
angle (I don't think that's been mentioned
yet) was plus E.i degrees indicated, and
that cranked into the equations. The first
set of gyro torquing angles from the

ground came out to be plus 0.91, minus

"0.15, and plus 1.20 degrees, which ap-

peared to be gquite nominal because of
coarse align errors.

The PIPA bias check was performed as
planned. The results showed that the
PIPA's needed adjusting. The launch
values of the X, ¥, and 7 biases were

plus 10, plus 6, and O. After perform-
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ing the PIPA bias check, we adjusted them
respectively to plus 12, mirus 3, and
plus 1. This was repeated twlce, just

to make sure that we were getting con-
sistent results on the PIPA bias check.

We did get consistent resulis,

It was at this point that we executed a
rather significant operator error. It's
interesting that we were led into this
trap because of the simulations In the
LM5. The three PIPA registerg that we
adjust were erasable memory locations
1452, 1454, and 1456. 1In the training
cycle, these were always set at zeroy

that is, we always simulated essentially
zero PIPA biases in nominal cases and then
superimposed a bias in each of the PIPA's,
which we loaded. The intervening loca~
tions (that is, 1453, 1455, and 1457) also
were always zero in our simulations and
led us, without ever really checking it,
to the ideé that the PIPA bias was a

double precision entry in the LGC. When
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we want to load our new values after the

PIPA bias check in flight, we therefore
loaded not only 1452, 1hsk, and 1456, but
also zeroed the three other registers, if
the total double precision word should
have been reloaded. [|uckily, this was
observed by the ground. They called up
that we should reload 1457, and that cued
us to the idea that we had probably mis-
loadrd the other two, 1453 and 1455, also.
We called down to the ground to check this
and, sure enough, they wanted us to relcad
those also.

1 guess that what this points out is that

the LMS training ought to be as authentic

as it can possibly be. Rather than having
perfect PIPA's zero scale factor errors,
and things of that kind, we ought to have
some numbers even 1f they stay the same.
One ought not to be led inadvertently into
traps such as assuming that we've got a
double—precisién word when it's really

single precision.
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SCHWEICKART 22. RCS pressurization, cold fire, and
hot fire: Again, the RCS pressurization
went essentially as planned. The pres-
sures came right up to the expected val-
ues of 185 psi. The RCS cold fire worked
exactly as 1t had in the IMS except that
the hand controller proporticnal checks
worked very smoothly; that is, steps 3
and 5 in the checklist {(where we deflect
the controllers to the soft stops and
observe the DSKY registers count up in
proportion to the deflection). There was
no interruption of the display as we had
witnessed all through our training in the
LMS. The normal 2-second update cycle of
the LGC was apparent, but the values in
Lthe registers never jumped back to zero
and stayed there for several seconds
before going back up, which was the case
in the IMS.

The RCS hot fire alsc went essentially
as during otir training, with the additionsal
benefit that there was no problem whatever

in audibly verifying that one or more Jjets
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rate needles essentially moved as expected;
that is, there was no apparent coupling
during the tests. This led us to conclude
that the proper jets, that is, all the
jets were firing.

It was about this time that we received
notification from MSFN that the up-firing
thruster on QUAD U had a faulty thrust-
chamber pressure switch indication. This
would affect our RC3/TCA CAUTION and
WARNING system to the extent that an OFF
failure, that is, a failed OFF conditicon
on that thrister would not be detected

by the CAUTIOH And WARNING.

The Indicated supercriitical helium

pressure was zero. We had no display of
that quantity. At & later time, we checked
it and it read T30. This display during
the flight would read alternately no indi-
cation or the actual pressure, which was‘
always approximately 730 throughout this

day. Following the DPS/APS/RCS temperature/

sl et
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pressure check, the supercritical pressure

read 830 psi.

24. LR, KRR self test: The landing radar
self test.went as called out in the check-
list. All the displays indicated as we
had been led to anticipate in training and
systems tests on the ground. There were
ne apparent spurious lock-ons of the land-
ing radar all through the tests or, for
that matter, through the rest of the
flight. The behavior of the cross point-
ers and the range/range rate tape was as
we had seen it in FRT on the pad.

Thne rendezvous radar self test was some-
what of a surprise to us. The indications
on the range/range rate tape display were
as expected. Iliowever, the intgrface with
the LGC was somewhat of a mystery to us.
The behavior was not consistent nor was

it what we had expected from our tfaining.
In particular, the range-rate indication
and the range indication in NOUN 71 of

the rendezvous radar self test routine

CONPDENLLAL.
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did nct appear as it was displayed on the
tape meter or called out in the checklist.
We reran the test three or four times,
and in most cases, the range rate would
appear and look essentlially normal, I
have written down in my checklist minus
4ol ft/sec. However, the range, all but
one time, read zerc all through the test.
There was one time that we repeated the
testy and for approximately 4 seconds
during the test, we did see a range of
195.5 miles. However, the next time

we tried it, it read zero again. We could
not get consistent behavior from the self
test.

It's of significance to mention that we
did not unstow the radar for this test.
Because of the problems that we had had
with the nausea earlier, at this point we
were not planning to perform the EVA the
following day. For this reason, the
rendezvous radar was left in the stowed
position.

The landing radar temperature started

anigl o B et
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out at 81 degrees just prior to the burn
and, just after snutdown, indicated

100 degrees. 1t stayed fairly steady at
that point. On tae corder of 2 to 3 min-
iltes after cut-off, the landing radar
tenperature was still 100 degrees and, as
I recall it, finally reached a maximum

of approximately 110 degrees.

25. Updating, aligament calibration of
AG3:  The REFSMMAT and state vector up-
date were as expected. The AGS initial-
ization was the next place we ran into

a problem, and this is one that surprised
all of us. FEverything went normal except
that, in the updating process, the AGS
414 would not go back to all zeros when
the PGRS sent the update across the inter-
face. We repeated the AGS initialization
several times, all with the same results,
that is, no avparent response in the AGS
with regard to receiving the update.

The ground.advised us later that we had
to be in high bit rate on the telemetry

to get the update across. This is the

MR e



L-76

SCHWEICKART

EO M ET i

first time that we had ever heard this.
After going into high bit rate and at-
tempting it again, it worked as we had
seen 1t work all through the training
cycle.

On checking the ha and hp in the AGS,
they compared within tolerance with the
TGHS orbit parameters. Again, the AGS
calibration went as we had simulated it.
I tkink it's worthy of mention that the
accelerometer bias coefficients exhihited
almost no change on all of the AGS cali-
brations. However, the gyro drift coef-
Meleats were not gquite as consistvent.
Prior to the AGS calibration, the gyro
drift ceoefficients were reading plus

0.27 deg/hir, plus 0.47 deg/hr, end vlus
0.06 deg/hr X, ¥, and Z. Following the
calibration, they had changed to plus 0.21,
pius 0.36, and minus 0.20. Therefore, the
largest shift that we saw was a negative
shift in the Z gyro of 0.26 deg/nr. On
subsequent AGS calibraticons, the bias

coefficients and the accelercmeter coeffi-
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cients remained essentially as we was them
here in the first calibration. Howeﬁer,
the gyro drift coefficients again altered
almost every time we did them, although
never by more than about 0.2 deg/hr.

26, Preparation for DPS burn: The DP5
pressurization went as expected. The

cnly thing worthy of note was that the
descent supercritical pressure, although
in limits, was at the bottom end of the
expected range. We had a range of T15

to 1200 ©sil on the supercritical pressure,
angd at this peint in flight it was rcad-
ing 730, only 15 psi above the minimum.
The IM docked IMU alignment was quite
sucecessful. We read the angles back to
the ground at this point and received

new gyro torquing angles. They were

minus 0.04, plus 0.18, and minus 9.16 de-
aree of reguired forquing. 5So it loocks

as though we experienced less than 0.2 de-
gree torquiﬁg with about 1-1/2 hours be-
tween alignments. That appears toc be well

within the ball park.

CEShDrir
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The command module maneuvered us to the

attitude, and we were very close to the
correct attitude when we switched over
and took control with the LM, The com-
mand module went inactive. We made the
final maneuver without any problem. There
was not a largze amount of thruster acti-
vity. We maneuvered over and held at the
right attitude. The checklist that we
were using to prepare for the burn seemed
to have all the things in it that we
needed. We were g little ahead of time
when we got to our attitude, and we went
right on through and never were behind in
tnis particular portion of the mission.
In the preparations for the docked LPS
burn, the NOUN 86 data compared very close
with the pads sent up from the ground.

I puts the NOUY 86 datea into the AGS. It
was at this time that we noted that ad-
dress LOT, which we set to a zero prior
to the burn and the first acceleration

is supposed to freeze the inertial refer-

ence frame by switching 407 to a plus 1.
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Thig address would change by itself under

attitude control prior to the burn to
plus 1 and had to be reset several times
to plus all zeros. I believe that T
finelly terminated the monitor on 407 on
the order of 30 secconds hefore the igni-

tion. At that noint, I switched over to

read the 500, 501, and 502.

The behavior of address 407 was exhibited
through the rest of the flight and d4did

require special care. I think that this

is a situation which very definitely

needs improving. You can't sit there

and babysit one address continually.

L.3.2 1M Initial Preparation and Checkout

SCHWEICKART

27. Docked TPS burn: About 20 seconds
vrior to engine cut-off, the heater CAU-
TION light came on, and it was speculated
&t that time that the csuse wes high tem-
peratures on the RCS quads. However,

on reviewing that now In my mind, I don't
believe that was the case, since the guads

were not being used. We had inserted a

CEOMEHDE i



4L-80

SCEWEICKART

MeDIVITT

VERB 65, which inhabited RCS jets for
firing during the docked DPS burn, and
I have a feeling that it was probably
the landing radar temperature or one of
the antenna temperatures. The landing
radar temperature prior to the burn was

81 degrees. Somewhere in the middle of

the burn, I observed it to be 95 degrees.
Immediately following cut-off, it was
indicating 100; and at cut-off plus

somevwhere between 10 and 15 minutes, it

peeked ocut at appreximately 110 degrees.

27. Docked DPS burn: At ignition, the
enginz lit very smoothly, the thrust-
chambsr pressure went from zero fo

10 percent very smecothly, and there was

a real lack of noise. I had expected to
hear <he engine a lot in the spacecraft,
and we really heard it hardly at all.
There was a sensation that it was running.
There wasn't any doubt that the thing was
actually running, but certainly there

were no big bangs, thuds, or anythning

COMRDENTIAL?
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Throttle-up to 40 percent at 5 seconds
after ignition went smoothly, and there
didn't seem to be any appreciable lag at
all between the thrust chamber pressure
and the throttle position. It followed
right with it, with no lag whatsoever.
At 26 seconds after ignition, the engine
then throttled up to full throttle.
Again, it was a very smeoth throttle-up
with no apparent chugging or noise to be
concerned with. There was just the firm
feeling of the engine throttling up and
a definite feeling after the thing was
under control.

The attitude excursions were much less
than we had anticipated. We were
obviously trimmed in the right place,
and the engine mount compliance and those
things seemed to have been taken care of.
The attitude excursions were probsably
less than a couple degrees. The rates

were very low. The spacecraft guidance
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was obviocusly compensating for all the
things, and we got right up to 100 per-
cent and had very little excursions.

The monitoring problem was considerably
simplified over what it could have been,
because we had anticipated somewhat
larger excursions. We nad a limit of

45 degrees transient and 10 degrees
steady state. We never even came close
to any of these,

We had pressurized the DPS earlier, and
the ofther sguibs fired at ignition. The
pressures that we were locking at were
nominal at ignition and began to drop
down to the region of approximately

180 psi. I believe it was 180 psi. I
believe that it dropped from 240 to

180, I was somewhat concerned that it
would continue down, but the pressure
turned around there and went right back
up to the normal regulated pressure of
2ho. |

At ignition, I switched the master alarm

switch from ON to OFF before I started

~EOMEDEDT AL
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MeDIVITT the throttle-up. This is to protect us
against any inadvertenit relay closures
in the pyro system during engine firing.
it had been suggested by FOD. We accom-
plished this and then throttled up sc
that the throttle-up tcok place maybe a
second or so after 5 seconds as in thne
flight ptan.
The propulsion and guidance parts of the
turn were very noninal until we got out
to about 5 minutes, or shortly hefore we
started the throttle profile. At this
time, there was a very slight oscillation
that could te felt in the spacecraft.
I'nm not really sure exactly what was
causing it. You could speculate on a
number of things. There was 2 definite
oscilletion — a very low amplitude —
but it could he felt. The LM yaw-rate
needle was moving slightly. I can't
expiain exactly why. That was the needle.
We were getting a very little bit in roll
rate also. The reoll rate on the left

nand side looked like the oscillations

SO ML Lo
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were scomething on the order of one-half
deg/sec, peak to peak. You could see
the needle moving, but little else was
apparent. The attitude on my attitude
indicator did not appear to vary at all.
I think that it's appropriate at this
time to have Dave mention what he saw
on the C3M,

The steering and the propulsion parts
of the beginning of the burn were exactly
neminal. The only off-nominal things
that we had anywhere through the burn
was this slight pulsing approximately

45 geconds before we began the throttle
profile. They were very low amplitude
and low frequency and did not cause any
econcern whatsoever. The only reason
we're mentioning them here is that they
were discernable, and other people should
be prepared to feel something like that
if they do a docked DPS burn. I'm not
sure that the same kind of dynamics

would be present for a nondocked DPS

burn.
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At approximately 130 “t/sec, we began
the throttle profile which was the stan-
dard tharottle vrofile. We felt nothing
abnormal during tnis periocd. There were
some very slight transicnts in atiitude,
but we nad expected these because of the
engine mount compliance, the bending of
the structure, and things like that. We
found nething really zbnormal. This
part of the burn wenl very smoothly.

We got down to the fixed-throttle point,
the fixed-throttle position, nf LO per-
cent Zor the last part cof the burn with

4

about 30 scconds Yo go. Just exactly sas
we nad planned preflight, we ran througn
that and shut the engine down manually

st 3 seconds to go.

We loeczed up the ullage and the regulstors
2t 10 seconds from cut-off and, from that
moment on, cperated the descent propulsion
system on the locked-up pressuare. ‘'here
were nc apparent spurious lockons ty the

landing radar during this veriod.
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SCHWEICKART During the burn, my sensations on the
right-hand side were essentially the
same as Jim's. I saw no visual evidence
whatever of a plume, nor was I able to
hear the descent engine running. Tt was
very quiet, essentially the same as the
descent engihe OFF, with regard to noise
and vibration. T felt no noticeable
vibration. The only thing that was
apparent was the commanded changes in
thrust level.

Fecllowing shutdown, the residuals read
plus 4,2, zero, and plus 0.2 in X, Y,
and 2.
Following the burn of the AGS, residusls
of 500, 501, 502 plus 3 ft/sec minus

-5 and 0. Calling the orbit parameters

with the VERB 82, they came out to

1C8.2 vy 273.0, which was right on the
mcney. The oscillations that we experi-
enced toward the end of the fixed-throttle
point part oflthe burn appeared on the
rate needles to be very similar to what

T had witnessed on the FMES at Grumman

,:ﬁﬂ.
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as fuel slosh. That was not only by
watching the rate needles, but you could
also feel 1t as a very definite movement,
a force on the body.

On my side of the cockpit, I didn't notice
the yvaw rate. T don't think I even loocked
at it, but my roll rate needle appeared

to be oscillating in the order of plus

or minus 1 deg/sec peak to peak. 1 would
guess that the frequency was somewhere
between 6 and 10 ¢ps, something like

that. It is very difficult to estimate.
Make my lower limit on that something

like 2 cps.

28. Sequence camera {DPS plume effect):

I looked down to sece what the plume looked
like, and the plume was practically non-

exlstent. It was wvery difficult to see

anything, to see that there even was a
plume. Unfortunately, we were face down
going across a cloud layer prior to the
time that i locked down at the plume,
and I certainly wasn't dark adapted.

When T locked down where the plume should

SO Ghhiniinbinhd i
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there. Therefore, I would assume that
the plume, with regard to a detriment to
visibility, is practically nonexistent
in the environment in which we were,

I'm sure that it would be different if
we Were trying to land on the moon, but
in orkit it's no factor whatscever. We
were doing the burn in daylight so that
there wasn't any light reflected from
the plume.

SCHWEICKART The 16émm sequence camera was operated
as called out in the checklist for the
burn,

SCOTT 2G. AGS calibration and LR self test:
Concerning calibration of the AGS, the
proper attitude could be cobtained by
maneuvering the command module to an
offset of 22 degrees in pitch and
22 degrees in yaw from 0-0~-0 on the ball
or 180-180-0 on the ball. The roll angle
didn't seem to make too much difference.
This would give z proper orientation if

the REFSMMATS were the same. For the

CMEIDENTIAL #
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actual calibration, the CEM was damped

to less than 0.1 deg/sec and then allowed
to drift for 6 minutes, which would main-
tain the LM within its 22-degree deadband
with no problem.

Following the burn, we picked up with the
AGS calibration again, and the accelero-~
meter bias coefficients remained what
they had been after the first calibration.
The gyro drift coefficients changed again.
This time, following the calibration, they
were reading plus 0.07, plus 0.28, and
plus 00. The landing radar self test
following the burn was absolutely identical
with what we saw prior to the burn.

31. Sublimator dryout: We initiated

the sublimator dryout before we had

begun clearing the tunnel, or jlust about
the time we had begun. As a result,

both the commander and the LMP were on
the suit loop through what T would guess
to be 90 pércent of the dryout time.

The significance of this is that the

water in the suit loop, since we've

GG
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shut off the primary EVAP flow, had no
place to go. Therefore, that water

was entrained somewhere within the suit
loop, even though the dryout appesred
te follow very close to the expected
temperature curves that we had in the
systems data boox. I guess that we
ought to correct that to say that the
IMP wess on tne suit heses for more than
90 percent cf the dryout; the commander
was on for lorger than expected, but
we'd guess rnow on the order of ane-halif

hour.

L.3.2 M Tritial Preparation and Checkout

SCHWEICKART

32. Deactivation and power down: In
the final power-down, where tne repress
valve 1s positioned from A4JT0 to CLOSE,
there was an extremely loud and sharp
bang which was caused by moving tne
valve from one position te the other.
When I first heard tnis souna, I
immediately switched back to AUTO.

Then, I recailed that IM-L had exper-

COMFDENTF b ¢
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ienced a similar nmoise upcn reposition-
ing that valve 1n the altitude chamber
run. We had not seen this in LM-3

during the altitude chamber run. I did
recall this; therefore, I positioned

the valve from AUTO to CLOSE which re-
sulted in another extremely loud and
sharp report. The closest thing to which
I could compare it would be a rifle going
off about 2 feet from your ear. It was
loud enough that the CMP in the command

module heard it — with some alsarm. Ihe

magnitude and nature of this sound re-
mained as some Concern to me throughout
the flight.

It is difficult to imagine a mechanical
system, especially one which involves
seals and things of this nature, which
could tolerate or generate that magni-
tude of noise without suffering some kind
of degradation. I don't know whether or
not there ﬁas any degradation assoclated

with this phenomena. We had reasonable

CEO DBt~
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aasurance from the ground that this was

normal.
‘3

2, Deactivaticn and power down: The

power-down part of the checklist went as

expected. The only prcblem.that we ran
into was that, =25 we finished the finsal
deactivation, there was a little dis-
crepancy between panels 11 gnd 16 when

we came to the configuration of the
trarnslunar bus-tie breakers. Jpon
locking at the checklist &t this peirnt,
it's not clear why the confusion was
generated. Tn any case, we recognized
that the final circult breaker configura-
tion was proper; with beoth Translunsar

bus ties ir the open position. However,
<he confusicon this day set up, unfortu-
rately, the error in configuration on

the following day (the EVA dey,, To
which we will ge=.

Our power transfer back to the command
mcdule nower was nominal. The indication
internal to the 1M was that the caution-

and-warning power-caution light on

“GOMBIRENTIAL.
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SCHWEL panel 2 extinguishes. At night, the

command module pilot can look out the

nurmber 2 window in the command module and

see the docking light go out on the
power transfer.

33. IMP and CDR IVT to CSM: The IMP
IVT to the CSM was done with no particu-
lar difficulty. At this point, the dump
valve on the upper hatch was left in the
AUTO position.

McDIVITT 34. Work loads and timelines: Work-
loads and timelines were a major factor
in the activities of this day. As men-
tioned ecarlier, we began the day approx-
imately l—l/é hours late; it went fairly
quickly and we caught up a little. We
were operating approximately 1 hour late
on our timeline, which meant that some
of the checks that we were to do over
fixed ground stations were going to have
to be skipped. We had already eliminated
the daylight AOT star visibility check.
We got a little further behind when the

IMP became sick agaln. We established a

~C OB ENTA
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peint to get bacx on the timeline regard-
less of what had happened in the early
rart of the day's activities. This
pcint was at approximately U7 hours and
iC minutes when we began DPS, APS, RCS
temperature/pressure checks. From thaz
check to the docked DPS burns, we had to
Toliow pretty much the original time-
line, or we were going to have to slip
the docked DFS burn a revelution, which
then would have taken 1-1/2 hours cut

of the rest cycle if we were going to
continue the next day with the same
timeline. Therefore, we had to fix this
as the point tc feturn to the nominal
timeline. We did, and from tnat noint
througn the rest of the day, we cperated
on the timeline that we had establishea
for curselves.

Some of the communicsticns checks were
achieved this day, and some of them were
acanieved on tae ZVA day. We'll summarize
all those in one big package later. We

found that, once Wwe were on the indepen-
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dent vehicle activity timeline, we were
able to stay on it very much as simuiated
in the preflight activities.

On tae third day, we Had decided thst
there would et be an EVA for the
following day. Beth spacecraft would

be depressurized, the hatches would be
opened, and we would exercise tne PL33
as nueh as we could, depending upon the
we>l-heing of the LMP at that time.

When we awcke in the mornirg, we started
or. & plan that nad been generated by the
fligant-vianning people on the ground.

It Inciuded the hatch opening on both
spaeeeraft, the donning of the PLES

{(but rot the Integration of tae OP3 into
the ©MU package), and having the IMP ro-
mair cr. the 1M sult hoses and the PLSS
noses ratier tharn the OPE heses and the

LS hoses.
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4.4 Fourth Day

b.4.1 Command Module
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Concerning the command-module fourth day,
it's worthy of note here that the house-
keeping prior to beginning operationé

for the day's activities was quite a bit
more than we had plahned on in the pre-
flight planning.

1. Don PGA's: The nature of the suit-
hose combination, which we'll go into in
much greater detail later, was something
that tock considerably more time to pre-
pare ourselves, and caused us to work in
a serial rather than a parallel fashiocn
cnece we were suited.

2. Tunnel operations (ancmalies): Once
again we found ourselves late beginning
tae tunnel operations.

3. General transfer operstions: The
tunnel clearance went as before - very
easy, fellowing the checklist, the masses
were easy to move and easy to store. The
cnly problem encountered, as it was each

time, was the operation around the hoses.
T Y
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The hgtch-integrity check took a little
longer than anticipated, about 10 minutes
to depress the tunnel and make sure that
there was a good seal on the hatch,

4, PLSS communications check with LM:
The communications check with the PLSS
and the IM went very well. The COMM was
gocd and clear. The VOX on panel 9, with
panel 10 ir. the backup mode, worked very
well except for the delayed time at the
end of the transmission, which is too
long. The configuration inside the com~
mand module was with the CMP on the CMP
hoses and COMM using panel 10 in backup,
the CLR and.LMP hoses in a position to
suppert an EV transfer and a vacuum trans-
fer inside the command module for the CIR.
5. Maneuvering to EVA attitude: The EVA
attitude was established using the BMAG's
only. The IMU was powered down because
we didn't anticipate doing the EVA. I
maneuvered the vehicles to an attitude
relative to the sun as near as possible

based on our preflight orientation
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determination. The object was to keep
the sun from shafting in the command
module and on the command module MDC.
Pointing the plus Z-axis at the sun and
pitching down 15 and rolling left 80
worked ocut very well. Throughout the
EVA, there was no sun shafting inside the
command module,

6. Preparation of ECS and cabin for
DEPRESS and PGS integrity: Cabin prepa-
ration for the EVA went asccording to the
checklist with no problems. The check-
list seems teo work very well and the
sequence ig al;o very good, The EVVA
was difficult to get on. It appeared to
be too tight for my helmet, and I had to
take my helmet off and use guite a bit
of force to get the latch over center on
EVVA.

In preparing for the DEPRESS and evaluat-
ing the eguipment, it became apparent
that the EVA.gloves would be impossible
to use on the rotational controller. So

I put the right EV glove on and used the
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SCOTT IV glove on my left hand so I could con-
trol the spacecraft if it was necessary,
I put the rotational hand controller on the
left armrest of the left couch and stowed
the translstional hand controller in the
LEB.

It sure seems that there's a lot of

work necessary to make the EV gloves
operationasl. The pair I had were abso-
lutely poor. The set that I had was one
generation earlier than the set that
Rusty had, which apparently were az little
better. I wanted tc make sure I had one
EV glove in case the hatch got hot or
cold before-closing.

After the initiel preparation of the
cabin to the point where it could be de-
pressed and the CMP could prepare for a
DEPRESS relative to EVT, it took about

20 minutes from the time I was ready to
start to DEPRESS to go through the integ-
rity check (helmet and gloves) and get
the hatch open for DEPRESS. If the PGA

integrity check were eliminated for some

N
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reason, it woculd taske about 1C minutes
to go through & complete DEFREGS, 1f the
situation arovse where an EVI were nec-
essary after a renaezvous,

The hatch was disconnected from the
countercalance with a pit pin. The
countervglance was vented completely.
Yhe pilt pin was stored in R-1 so it
wouldn't get lost. When the counter-
balance was vented, it was zbout one-
third full scale on tne gage, and it
took 1t about 1-1/2 tc 2 minutes to vent
completely.

The sult-loop-integrity check in the
command module was approximetely 0.2 psi/
min, well within the tolerances.

Juring this period of activity, we had
attempted to shorten the work period and
lergther tnet rnight's rest pericd because
we had a great desire to get started on
time the next morning and alsc consider-
ing the delay we'd been having achieving
the transfer to the LM. We felt that we

should wake up at least an hour early on
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the rendezvdus day becauge this was a
day when we could not slip anything. We
had a very, very tight timeline prior to
separation, and if we got started late,
we would be in reasonably bad shape. We
didn't want to slip the beginning of the
rendezvous by one REV because it would
have made the ground tracking less desir-
gble than it already was. 8o we had
eliminated essentially one REV from the
flight plan by dolng the EVA on Just one
dayside pass rather than one dayside,

a darkside, then one dayside pass, Even
with the elimination of this 1-1/2 hour
period, we finally found ourselves get-
ting to bed approximately 1/2 hour after
we would have normally. So, we found
ourselves with about 2 hours more work
after the EVA was over than was in the
flight plan.

This was typical of the problems that
we'd been having in preparing ourselves
and the spacecraft in the morning, and,

I guess, unpreparing ocurselves in the

el
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evening, What it amounted to was a very
short rest period between the EVA day
and the rendezvous day.

f. DEPRESS: Tne cabin was depressed
ebout § minutes prior to sunrise and it
took about 3 minutes to run through the
standard procedures for depressing. The
natch was opened about 5 minutes prior
to sunrise and it took less thar a min-
ute with the standard hatch-cpening pro-
cedures. It tcok about 40 pounds to
pusil tke hatch to the full-cpen positicn.
It would stay at any intermediafte positicn
at which it was left. At the full-open
positicn, it seemed to want to stay there
fine without any need for a lock of any
wyDe.

The only comment I have on the hatch
gearbox is poor marxings on the shear
pin.

8. Seguence camera operations: The
Sequence camera mount on the hatch was
good. The wire which runs to the re-

mote cable seemed to work out very well,
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The camera fdr the first film MAG worked
as advertised. The Hasselblad worked
well, 1t was tethered with a tool tether
to my wrist. On trying to put a second
magazine In the sequence camera, I had
considerable difficulty primarily due to
the =V gloves and the inability to man-
ipulate fingers with that thing. Once I
got the magazine in, the camers wouldn't
run. A subsequent investigation in the
spacecraft after a fuse change enabled us
to get it running sgain.

12. ©Side hatch operations: OCn closing
the side hatph at the completicn of the
dayside pass, there were no noticeable
temperature extremes withkin the IV gloves.
The hateh came with little effort - ap-
proximately 40 pounds or less. Once I
got the hatch to the ajar position, I
neld it such that the dogs were over the
striker plate with about 30 pounds of
force. I stroked to close with the

normal four strokes on the gearbox.

e . o
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15. KEPRESS: The REPRESS took approxi-
mately & minutes to go through the hatch-
integrity check - or checking the

seal - and to bring the inside of the
command module up to 2 psi with the PLSS
package. Then, from 2 teo 4 psi, the IM
oxygen was used through the tunnel., It
took it a ccouple of minutes to get up to
the tunnel and open the tunnel REPRESS
valve. From L psi to 5 psi, I used the
PLES tank again., It bled the surge tank
on down to about 700 pounds, and that toock
angther 2 minutes or so.

The procedures on REPRESS are straight-
forward and simple to use. It's easy to
reach the necessary valves with the center
couch ocut, eand with the mirror it's easy
to cbserve the cabin pressure and the

suit pressure, I believe that the pro-
cedures as developed will work adequately
for any necessary EV transfer.

16. PostEVA systems configuration: The
postEVA systems configuration tock spprox-

imately 50 minutes from the time the cabin
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SCOTT was represséd until the hatch was open
and access to the LM was available, This
ineluded repositioning the center couch,
reinstalling the hand controllers, the
L-shaped bag, stowing the thermsal samples,
and the other sundry items that go with
reconfiguration., A few small things were
not performed in an effort toc prepare
the tunnel as soon as possible.

17. IVT to CSM: The tunnel, again, was
no problem. Everything worked nominally.
18. Power transfer: The power transfer
systems test meter appeared to be some-
what diffe;ent from previocus days. It
cycled at the lower end of the scale
rgther than geing up to the 2 volts as
it had done previously.

19. Tunnel closeout: After the transfer,
the tunnel closeout took approximately
15 minutes, and again no snomalies.
Because of the necessity for Rusty to go
back and pull the LM trans-lunar BUS
ties circuit breakers, we had to reopen

the tunnel and reclose the tunnel. This

S
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SCOTT complete operation took approximately
10 minutes from the time we started with
the closed tunnel until we had reclosed

the tunnel.
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1. IVT teo IM: On the ingress to the IM
on the EVA day, the only difference noted
in the tunnel operation was that, since
the dump valve had been left in AUTO
rather than DUMP or OPEN following
activities of the first dasy, there was

a slight pressure differential across

the hatech. This was noted as a slight

"hiss as the dump vaelve was actuasted prior

to ingressing the IM. I have no way of

knowing what the actual differential was,

but to give some feel for it, after
actuating the dump valve the hiss was
audible for perhaps 2 to 3 seconds.

With these extra systems tests, we were
able to do the regular check that we had
skipped on the previcus day. We were
somewhat late due to the activities
described on the CSM side of the inter-
face. We therefore deleted some of the
COMM checks. We reconfigured and changed
the checklist back to the normal OPS,

PLSS, EMU, snd EVA modes. We elected to

DD s



4-108

MeDIVITT

eliminate some of the COMM checks to
arrive zt a configuration where we could
proceed with a seminominal EVA mode at

the gppropriate time, which, in this case,
was T3:07 for Suﬁrise.

Early in the morning of the EVA day, we
changed the checklist in our flight plan
update to cenfigure the EMUJ for the IMP so
that he would be using both PLSS and 1M ECS.
After we had begun the configuration, it
became obvious that the IMP was in good

enough physicel conditicn to perform

the EVA. Also, it was obvicus that we
could achieve an awful lot more by
completing the EVA mede rather than by
doing the COMM chnecks. BSo, we changed
the checklist back to the nominal form.
Ther, we went back and completed those
steps that we had eliminated earlier.
We configured ourselves according to
the checklist with the exception that
zome of the camera equipment was not in
the LM becsasuse we had not enticipatea

doing the full EVA.
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McDIVITT 3. Entry status checks and activation:
The rest of the IVI-entry status checks,
activation of the systems, power transfer,
communications in S-band, and that sort
of thing were as already reported.

Because of lack of time on the systems
day, there were a few things that we
had nct performed. These were systems
32 and systems 33, which I'11 expand on
in just & moment., We had reason to be-

lieve that we ocught to do them on this

particular day te fulfill the objectives.
I'1} talk about it in Jjust & moment.
SCOTT 6. EVA preparation: Handling of the
ISA during the EVA PREP appeared to be no
problem. It was mounted over the MDC
and d4id not significantly interfere with
opergtions within the cabin. The OPS
preparatiocn on this day revealed that the
cormander's OPS heater test circuit did
not work. I ran about three checks on
the hester circuit and neither of the
two green lights came on.

In all other aspects, the OPS checked out

~COMNRMBENTILAL —



1-110

SCOTT

SCHWEICKART

nerminaliy, as did the LMP's OPS. Wnen I
handed the commander's OPS to the comman-
der, he ran anothner check on the 0OPS: and
it operated properly, that is he got the
green lights. The commander ran the
ckeck or his OPS three times, and he got
tie green lights a1l three times which
indicated proper heater operations. Wc
had no way of knowing whether this was

an intermittent operation of the indica-
tor system or whether there was indeed
some malfunctioning of the heater cir-
cuitry. We decided tc continue with the
LMP's OPS mounted gn top of the PL3GS.
Also, we decided that 1If an actual con-
tingency transfer on that day was re-
quired, the LMP would mount the comman-
der's OPS on top of the PLSS,; and the
cormancer would use the LMP's OPS for the
contingency transfer.

The PLSS operation was nominal this day.
We did not remove the battery used the

day before; therefore, we experienced no

further difficulties associated with
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SCHWEICKART the battery éonnections. Unstowing
of the hoses and preparation of the
COMM leads were as we had experienced
in the wvarious training exercises and
the test runs on the preflight PLSS
test,
Donning the PLSS, checking the RCU,
and working together in the cockpit
with the EMU mounted on the LMP's
back proved to be no particular problen.
The two crewmen exchanged places, as
called out in the checklist, for the
donning process. I was on the left-hand
side of the cockpit, so I used the
commander's two inboard restraints —
one on the left side and one on the right
side of the suit. They held me in posi-~
tion facing the center of the cockpit.
A following is subjective evaluation of
the work required in the EVA PREPS. The
zero-g effort of handling the various
bits and pieces of equipment associated
with the EVA appeared to be a good bit

eagler in zero g than what we had found

SRl ae
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SCHWEICKART in the one-g treiring exercises.

MeDIVITT Upon cbserving Dave nendling the PLSS,
Tthe 0OPE pallets, the big pieces of
equipment on the cormand module side,
and similar things on the LM side, I found
that the heavy masses were much easier
to controel than what 1 had anticipated.
They were really no nroblems at all.
There was only s problem on the LM side.
Aecause 1 hazd elected to remain un-
restrained to the flocr, I nad a little
gifficulty sometimes ccntrolling my
body., I just flosted free and held onto
tne large masses. They were quite easy
to nandie. Even in the free-flogting
mcde, I didn't have any trouvle getving
them where I wanted them or positioning
them with respeect to Zusty when he was
wrying to install them.

SCHWEICKART installing the EVA tether, connecting
the IMP suit, and handling the EVVA,
while using the entifcg in the helmets

were all dene with relative ease. There

were no unexpected ccmplicaticns which

CQDHBENFAL e
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SCHWEICKART arose. In fact, a large portion (greater
than anticipated) of the work assocciated
with donning the eguipment was done un-
gided. I instelled my EVVA by myself.
Jim was deing something else at that
time,

Zhe EVVA was self-donned. The wiping
cf the helmets with the antifog and that
kind of thing was all done by thne LMP.
In regard to the restraint system s I
was using it, I found that I had no
problem in maintaining my pesition. I
kad no tendency to inadvertently back
into switches, circuit breakers, or
anything of that kind. Therefore, I
felt free to teke part in the PREPS to

a greater extent than what we had planned
on the ground. TI'd like to comment one
littlie bit on the helmet protector that
we wore ¢during the flight. The first
time I'd ever seen it was when I opened
up the L-shaped bag right after trans-

position end docking. It was a slightly
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different configuration — and 1 found
it to be considerably harder to place

on my heimet than the previcus ones.

7. Camera vreparation: We elected not to
use the standard Easselblad during the
EVA in the LM because it gave us two

TOmm cameras and a lbmm camera to handle.
There were not any good places to tether
these cameras wien they were not in use;
s5c, we elected to use one TOmm and one
lémm camera. As I had previcusly men~
tioned, we were sort of configured at the
beginning of the day for no EVA. As the
day went along, we elected to go with

the EVA.

Wnen we were loading the IEA to tring

the things from the command module to

the 1M, we le®t the 16mn sequence camera
tracket in the command medule deliber-
ately. After we got into the LM, we
found that we probably should have
brought it with us. The superwide-

angle Hasselblad and the 16émm sequence

camera was configured in s normal manner
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and was placéd in the ISA., We used
both in 2 handheld mode rather than a
fixed mode during the EVA.

8. PILSS communications check: The

PLES COMM checks worked better than
expected. After activeting the commun-—
ications system on the PLSS, I was able
to comnmunicate directly with the command
and service neodule via VHF; and at sev-
eral points in the timeline prior to
egress I was able to hear transmissions
directly from MSFN. These were not via
relsy but were zctually direct radiation
to the PLSS OPS antenna.

9. Prepearation for DEPEESS and DEPRESS:
The preparations for depress followed the
checklist and included the 2-minute
oxygen purge of the IM suit loop pricr
to initieting the pressure-integrity
checks. The only modification that we
made to the 2-minute purge was made prior
to flight. In flight, we did follow the

checklist.
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9. Preparation for DEPRESS and DEPRESS:
The cabin DEPRESS was initiated after
the pressure-integrity check. The only
thing worthy of special comment was

that the lunar surface filter was placed
over the dump valve to prevent any of
the flotsam and jetsam floating arcund
the cockpit from being trapped within

the dump valve. This slowed the pressure
decay in the cabin to some extent.
However, the total time elapsed was not
sufficient to cause any discomfort within
the EMOU.

The purge reqﬁires no particular comment.
It operated as expected. This was
followed by the commasnder's suit-integrity
check. For this check, the LMP dis-
connected by using the suit isolation
valve to suit-disconnect, while the
commander made his pressure-integrity
check. The PL3S fan was activgted to
keep the 002 level on the helmet down for

the LMP during that time. The commander's
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pressure-integrity check was nominal;
and on returning to five psi or slightly
sbove, the PLSS fan was fturned off and
the LMP reconnected with the LM suit
loop.

I noted during the regulator check, which
we had run earlier in the day, that my
right ear was not clearing properly.

I anticipated scome problem in perform-
ing the PLSE pressure-integrity check.
Following the commander's pressure-
integrity check, a final verificetion was
made on the configuration of both the

commander and the IMP, as well as the

positioning of tethers and so forth.

At that point, the ILMP's pressure-
integrity check and cabin DEPRESS were
intiated. Upon activating the PLSS 02,
the pressure started up very nicely in
the EMU, However, as I suspected, my
right ear did not clear properly;
therefore, I had to interrupt the normal
buildup of pressure by turning the

PLSS 02 to CLOSE.
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feedwater warning tone ir the PLSS came
on as expected. After the hatch opened,
the feedwater wvalve was Opened; and
within about 3 minutes, the tone went
off. I immediately placed the diverter
valve to MAX copling:; and within

10 to 15 seconds, I was acle tc sense
cold water beginning to circulate through
the LCG. After a short time in MAX
cooling, the diverter wvalve was placed

in MIN cooling and was left there for

the remainder of the EVA.

il. PL53S control during DEPRESS: Anctner
chenge, which had been introduced to the
chiecklist to minimize the possiblity of
getting gas into the LCG cooling loop,

was to nold the activation of the PLSS

pump until after the cebln had been
depressurized. This was done as rec-
ommended. As the cabin depressuriza-
tion progressed, the absolute pressure
in the EMU dropped down to about 5 psia.

This assisted in clearing my right ear,
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12. Visor fogging: HNc visor fogging was
roted during the entire operation.

The comfort in the suit prior to the sub-
limator startup was gquite similar to

what we had experienced preflight, that
is, the temperature began to rise slowly
but never became objecticnaeble all through
the operaziocn.

12. Viscr fogging: There was no fogging
on the viscr. Cne thing noted in the

vigor was a bull's-eye on the EVVA when

it got in the right sunlight. We checked
the thermal samples on the command medule
and the one next to the hatch was gone as
if it had been removed normally. The
three on the service module were in place.
I attached the thermal sample tether to
them and retrieved tnem into the command
module with no problem. There was no
strain on the hoses at any time., It was
easy to reach down to the edge of the
service module with the CMP noses. Move-

ment inside the command medule from the

oSSR
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hatch to the center portion (with the
center couch removed) and into the left
couch was relatively easy. It would be
no problem during an actual EVT ingress
to get out of the way into the left couch,
However, it would be necessary to have
the X-X strut and the foot of the left
couch disconnected, which we had done.
The work that Rusty did on the handrail
seemed to go easily. He was at no time
in danger of contacting any antennas.

It seemed like 1t was under control at
all times. The control mode in the com-
mand module seemed adequate. I was never
aware of any attitude excursions, jet
firings, or anything. It seemed to remain
very well in the attitude that we estagb-
lished at the beginning, which was MAX
dead band with LOW RATE and SCS with
BMAG's uncaged.

13. Insuit stuffiness: The suit was
comfortable throughout, and maintsined
the same temperature as experienced in

the chamber. The suit flow was at MAX
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inside the spacecraft. The IV gloves
seemed to work very well. The only time
I noticed the temperature change was when
it was placed in direct sunlight, and
then it got warm. I did nectice at cone
time & coldness when I grabbed something.
I don't remember exactly what it was, but
I dic grab scomething thet was cool.

15. Integrity cnecks: After several
seconds of trying to clear m& ear
{without too much success), the pressure
buildup was corntinued by cpening the 02.
We eventually got up to 3.7 psid for the
integrity check which, I believe, was
guite successful. The decay was between
C.1 and 0.2 psi/min.

16. Hatch operations: The final
pressurization took considerably longer
than anticipated, probably dus tc the
installation of the filter. The time
required to depressurize from an indi-
cated 0.5 psia until the time when the

kateh finally opened, wnich I guessed

COE b,
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SCHWEICKART to be 4 to 5 minutes was longer than an-
ticipated.
McDIVITT 16. Hatch operations: I'd like to

spend just a minute on the hatch. There's
really nothing significant to say sbout

it except that, when Rusty had the PL3S

on and we were pressurized, it was very
difficult to get down to the handle. In
one g I just sort of fell toc the floor,
and my weight was sort of pushing up
against the IMP's legs. It got me down
near the handle; but in zero g, I did

not have that advantagze. T finally had
to end up throwing myself down there —
to wedge myself down in a position where

T could get a hold on the handle. It was
with a little more gustc than what I per-
sonally prefer to perform within that kind
of environment. But, it was the only

way I could get to the handle.

When I got down to when I could reach

the handle, it was easy to push in and
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MeDIVITT to twist. When we pulled the hatch open,
it tock a lot of force. The pressure
had dropped down to essentially zero,
and it locked as though we were going
tc be able to get the hatch to open.

8o, I kept pulling, but we still ob-
viously had a DELTA-P across it,

It did operate slightly different than
in the chamber. In the chamber, once

I had broken the seal, it was easy to
pull the thing open all the way. In
this case, when I broke the seal, it
still hung up around the top edge. It
seemed as though I had to push the hatch
toward the flocor of the spacecraft to
break it loose from the top. Once I had
done that, it opened and after that, it
worked fine. However, during the EVA,

I tried to keep the hatch open at all
times to eliminate any chance of it
getting stuck in a closed position and
in case there was something different that

I hadn't been able to see when I was
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underneath the instrument panel.

When we went to close the hatch at the
termingtion of the EVA, T again found it
difficult to get down on the floor in
such a position that I could push the
handle in and turn it. But again, by
sort of throwing myself down there and
vedging my body between Rusty's legs

and the floor, I could get a hold on
the handle and could get it closed
quite easily. We were then able to
cinch it up. It Just took a little
longer than anticipated.

Busty just added a little fact here that
I didn't realize until Just this moment.
He was actuelly pushing on me to help me
get down to the floor. In such a suit,
you can't really feel all the external
input. We did have a little trouble;
but onece we got down low enough so that
I could get my hand on the handle, it
was 28sy Lo turn.

Once the hatch was opened and the EMU

functioning properly we advised the
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SCHWEICKART command module pilot thet he was clegred
to depress the command module. Then he

initiated those cperations.

17. Mounting of seguence camera and
operations: The superwide-sngle Hessel-
blad was passed out by the commander,

and about 10 to 15 minutes of photography
was taken at that time. Unfortunately,
the EVA camera handle did not mate prop-
erly with the superwide-angle Hasselblad.
This was primarily because the film
magazine was greater in dimension than
the camers Eody. Therefore, the camers
handle would not mate flush against the
undersurface of the camera. Thus, al-
though the camera was very securely
mounted to the handle, it was free to
rotate with respect to it. Therefore, a
little more concern and care had to be
taken in handling the camera than what we

had anticipeted from training.

- .
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18. Egress and EVA: Av this point, the
decision was made to evaluate the opera-
tion of the handrail. I removed my boots
and the golden slippers ard progressed
from the front porch up the vertical sec-
tion of the handrail toc the point where
it bends asround the top of the LM near
the radar antenna. In moving up and down
tnis portion of the handreil, it became
immediately obvicus that ihe problem of
body control and maneuverability was
vastly simplified in actual flight com-
pared with any of the simuiations that

we had run on the ground either in the
zero-g airplane or in the water tank.
There was absolutely no problem in main-
taining complete control of bedy position-
ing. In faet, this was done at several
points using Just one hand and the mobil-
ity in the wrist of the suit.

DPue to the timeline considerations of
getting back in and completing the EVA

dey at the earliest possible time, there

COMMDERTIAL -
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was no nighttime evaluation of the EMU,
nor was there any television done of or
during the EVA.

Another EVA element worth mentioning was:
since we did not expect to go EVA, the
same LCG was used on the systems day as
was utilized for the EVA. Per preflight
plan, I would have changed into the
second LCG that was stored aboard the
command module for the EVA. However, the
decision was made resltime to go EVA,
Therefore, we had a 2-day-old LCG., Al-
though it worked properly from all indi-
cations and as expected — after removing
the suit at the end of the fourth dsy
the LCG was visually congested with en-
trained bubbles.

18. Egress and EVA: At this point,

we were essentially ready for the EVA
about 15 minutes prior to sunrise.

After being advised that the command
module had depressurized and that the

hatch was open, I began repositioning in
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the cabin. I got to the point where my
feet were outside the door. I was laying
horizontally on my side, ready to complete
the egress.

In repositioning (using a little liberty
here) from the vertical to the horizontal
position within the cabin, there was some
slight difficulty in getting the PLSS

and the 0PS past the wvarious pieces of
the cabin. Also we had experienced this
in the water tank, but this was done
with no more difficulty than we had seen
in the ground simulations. It appears
from the commander's cbservations that
the primary interference in reposition-
ing was the top of the OPS in the helmet
contacting the Z-27 bulkhesnd.

After positioning for the EVA, T main-
taired myself half in and half out of

the cockpit until we sublectively de-
termined that the lighting conditions
outside were adequate for photo-coverage.
At that point, I moved into the complete

egress ¢of the EMU.
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SCHWEICKART which was a pigtail type of cord, hocked
to it. And every time I tried to get it
down through the door, the springiness
of the cord pulled it back up. When we
started this thing through the door, I
could feel it bouncing off the top of
the hatchway. I guess when it finally
got clear of the hetchway, it worked
alright., But, I 4id have to continue to
feed tne cable through the door; and it
got hung up one time.

When it came back through agasin, later

on, I had the same trcuble trying to get
it back up through the hatchway, except
sort of in the reverse technique. It

came back in set on 1/500 of a second,
with the decal torn off on the side. Un-
fortunately, that part of the conveyer
system didn't work., The TOmm thing worked
very well, I think the conveyer system

in concept is an excellent idea. Our big
problem, I believe, was to not have enough
of the sequence camera cord free to tsake
the tension off the camera until clear of

the hatchway.
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SCHWEICKART The egress itself went very smootnly,
with no problems maintaining control
during the egress. The first step after
ceompleting the egress was to get my feet
inte the golden slippers. I had no
difficulty whateyer. After completing
the egress and after donning the golden
slippers, the tether was used ag a
conveyer, by using the third hock on it.
22. Photography: Following the 10 to
15 minutes with the superwide Hasselblad,
it was passed back in to the commander
and tne 16mm cemera was passed out and
another lO—minute preriod or so was de-
voted to taking pictures of both space-
craft and the CMP and his activities
using that camera. About a guarter of
the way through the megazine, which was
being run at & frames per secend, T
realized that the shutter speed was set
at 1/60 of a second. At this point, I
readjusted it to 1/250 of a second,
There's some question in our minds whether

the shutter speed had been altered in
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the process of passing the camera out of
the spacecraft, or, whether it had been
left there inadvertently from internal
pictures taken earlier in the day of the
tunnel-clearing operations in the command
module.

I hed checked the camera and set it to
the proper stops before I sent it through
the door. I btelieve that our conveyer
system left a little bit to be desired
with the seguence camera, whereas it
didn't with the TOmm camera. The TOmm
was an untethered camers and was hooked
to the lifeline and transported back and
forth that way. It worked quite well,

Our conveyer type of arrangement had

worked good in our simulations, because
the weight of the camera held it away
from the upper portion of the hatech door.
This worked quite well with the 70mm,

too, because it didn't have any restrain-
ing devices on it. However, when I
hocked the sequence camera to the conveyer

belt, we had the segquence camers cord,

FaTaTNTIVE S
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SCHWEICKART 23, Thermal samples: After passing the
camera back in to the commander, the EVA
thermal sample on the LM was retrieved
with essentially no problem. And that,
alsc, was passed in to the commander.

MCDIVITT 25, IM repress: The hatch was closed
and the repress begun according to the
checklist,

The way our checklist was written, we
could enter into it at the plus 215 point
and just proceed down through the check-
list without making any major changes to
it. It certainly simplified the opera-

tions once we started back in,

SCHWEICKART The one step that we overlooked in the
checklist at that point was the closing
of the feedwater wvalve prior to ingress.
I recognized this immediately after com-
pleting the ingress and closed the feed-
water valve. T would estimate that we
remained in the vacuum condition for
approximately 7 or 8§ minutes following
closing the feedwater valwve. So, I would

guess the PLSS sublimator was not com-

C O PN
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SCHWEICKART pletely dry by the time we repressed the

cabin.

25. IM repress: In the postEVA cabin
repressurization cycle, once the commend
module had gotten partially repressurized
(using the PLSS fill bottles) the LM was
utilized td bring the remaining pressure
up to 4 psi. After bringing both space-
craft to 4 psi, the tunnel activity was
initiated and the remaining cleanup was

performed in the LM,

26. Ingressing: The ingress to the LM
was done shortly before sunset and was
done asymetrically with respect to the
egress,; that is, there was n§ problem or
hangup whatever in ingressing the LM.

I slipped right in and right up to a
vertical position without any particular
problems at all.

27. PostEVA activity: In the postEVA
activities, we again followed through
with the checklist. There was no problem

whatever in removing and replacing the

CONRDERFA
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PL3S 002 cartridge, or in recharging the
O, bottle in the PL3S. The indication
on 02 quantity prior to recharging was
about 800 psi, and very shortly after
cpening the PLES £ill valve the pressure
Jumped right up to 900 psi indicated. We
terminated the fill at that time.

Tre PLSS was doffed at that point and the
LMP went back on the LM suit loop. The
recharge of the water system was begun
and no problems were noted in that re-
charging operation.

There was no fatigue associated with the
EvVA. The workload during the entire time
was lower than anticipated preflight. At
no time was there any sign of fatigue,
either total body fatigue or of the arms.
There were no particular eye sensations.
And the light levels inside the EVVA
throughout the EVA were very comfortable,
I was wearing Jjust the clear plastic
overvisor on my visor. I stuck my head
ouat into the sun & couple of times and

I really didn't experience much in the

~ GBI Al



Ottt 4-135

McDIVITT way of eye strain, or anything else like
that. I suspect that I wouldn't want %o
stay like that for long periods of time,
but for short pericds of time, it seems
like that particular protector was cer-
teinly adequate.

I also had my IV gloves on during this
period of time when we were transferring
equipment back and forth. I noticed that
my hands got warm very fast when I put
them in the sun and left them there for
even 2 or 3 minutes, I could feel the
heat coming through those black gloves.
SCHWEICKART During the EVA, the cooling in the suit
was very good. I left the diverter valve
in MIN cooling throughcut the entire EVA,
and never had the feeling that I was
getting warm. Toward the end of the EVA,
I remember thinking that I might want to
g0 to intermediate cooling Just to see
if I got too cold there, but something
else came up at the time and I never d4did
that. I stayed in MIN cooling. The only

place thaet became noticeably warm at all
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was the fingertips., This was expected
from the thermal vacuum runs that we had
made in the SESL chamber A prior to flight.
The temperature at the fingertips was

less than we had experienced in Chamber A.
I have no objective way of estimating

how hot my fingers got, but the only
thing I can say is that it was quite a
bit more comfortable than we had exper-
ienced in chamber A under the thermal
vacuum conditions, but noticably warm.

28, TPostEVA cabin cleanup (restowage):
The postEVA cabin cleanup was accomplished
pretty much according to our preflight
plan. We didn't encounter any particular
problems that were new, that we hadn't
encountered earlier.

29. Power-down transfer and deactivation:
The power-down transfer and deactivation
irn this particular case were accomplished
more along the preflight plan, that is,
the tunnel was copen and the commander

vas able to get off the hoses a little

quicker and get transferred over.

S DPPEESITHAL -
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McDIVITT 30, IVT to CSM: IVT to the CSM wasn't

any different than the previous day.

This is the point where we ran into the
translunar BUS ties. The circuit breakers
vere left in. At this moment, I can't
figure out how they were because of the
way the checklist is written. We either
were looking at the wrong page or were
anticipating something and got it in the
wrong configuration.

31. VWorkloads and timelines: During
the course of the dsy, as the LMP was
operating, it became obvious that he was
feeling much better on the fourth day
than he had on the third day. There-
fore, I elected to expand the EVA some-
what. As we progressed, we not only
donned the OPS but alsc integrated in
the EMU and performed the EVA, very
similar to the original planning, except
that the transfer from the IM to the
command module was not acccmplished.
Most of the other things were accom—

plished, and we shortened the EVA to one

~C OBk L
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MeDIVITT daylight pass ocu.side the spacecraflt as

oprosed to the two daylight and one dark-

gice pass outside the spacecraft.
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In preparation for the rendezvous, we
changed our wekeup time from over Ascension
at approximately 86:30 to over Guaymas at
approximately 85:40 in an effort to pro-
vide ourselves with a little cushion at

the beginning of the day. Alsoc, in anti-
cipation of this high-powered day, we had
done some preparation the previous night,
that is, packed the IBA with the things
that we were going to transfer to the LM,
put ourselves in a posture whereby we

could get up, eat, get suited, perform

the P51's, and other things that we needed,
and get right on over inte the LM. As it
turned out, we were able to do this in a
more reasonable manner and were able to
ingress the LM well in advance of the time
that we had anticipated.

We entered the LM about an hour early,

and we managed to stay roughly an hour

shead of time until we were well into the

SOl
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LM checklist. Although we tried to stay
that far shead, it was difficult because
of the ground coverage that was required
for scme of the checks thet we were deing,
We approached the undocking period with a
fairly good margin on time.

1. Don PGA's: PGA donning went better,
probably because we were getting more
proficient.

2. Tunnel pressure: The tunnel pressure
was flne. We were still in LM PRESS, and
there was no DELTA-F.

Tunnel pressure: Following pressur-
ization of the ascent system, the ascent
feed valves were cycled tc their proper
position. When I cycied the ascent feed
numter 1 valves to the open position, the
valves made a clenk which indicated that
they nad beern moved away from full open.
3. Assisting tunnel closeout: The tunnel
closeout worked as previously with no
protlems.

The tunnel operations were somewhat dif-

ferent today, since we were planning for

SN yhyjr®
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SCOTT a separation and had to go through the
preloading of probe, which went as adver-
tised. The capture latches were checked
by Jim after we installed the probe and
then again after the preload. Everything
locked nominal. The next step was to cock

the 12 latches. The first latch T tried

had a problem, which was number 1. It
appeared to get the full preload with one
stroke. This could be determined by feel-
ing the depth of travel of the bungee and
the bungee housing and comparing with
several other latches which worked alright.
It tock about five tries or five cycles

on the latch to get it to work normally
with a complete preload with two strokes.
After that, T tried recycling it and re-
leasing it manually several times, and it
appeared to work just fine. All the other
latches worked normally, except number 8,
which again appeared to obtain a complete
preload with one stroke on the first
gtroke. Several recycles on that cleared

that one up. After completion of all

CEOMHBEALLA L -
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SCOTT 12 latches, I was satisfied that each

worked properly. There was no tendency
for any latch to hand up, or any hook to
hand up on the docking ring. They all
pulled clear on the first strcke.

The LM umbilicaels were removed without
difficulty by the CDR in the LM, The
hatch-integrity check again took about
10 minutes.

L. Rendezvous window docking target:

The docking target was installed in the
right-hand window and worked properly on
dim and bpright. There is very little
distinction between the two. The gide
hatch was configured for the EVT, as was
the rest of the inside of the cormand
module, within about the same time as
previously with no anomalies. The space-
craft was configured up to the point where
helmet and gloves would have to be donned,
pressure-integrity check performed, and
then the hatch opened. We were about

10 minutes from a hatch-open situation.

The pre-undocking checkouts went nominelly.

DL
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SCOTT 5. IMU operaticn: The GDC aligned well,
ORDEAL was working well. The EMS drift
test gave us about 0.2 foot per second in
100 seconds, and the EMS DELTA-V test went
to a minus 20.3 which was again very good
for the EMS.

S On the first alignment of the day, we
again had & prcblem with the telescope
hanging up. It did one time during the
P51 in manusl drive., We gave it some
consideration and decided to watch 1t
closely and keep everybody posted on the
status of it. There was no further prob-
lem the rest of the day. It worked Just
fine.

6. PRR transponder: The rendezvous radar
transponder worked as advertised. The
systems test meter A was 1.6, B was 1.65,
and C, although not required as & parameter,
was about 0.5,

At approximately 91:45, about one-half hour
before undocking, the fuel cell 2 con-
denser exhaust temperature got up to

178 degrees. It was going up and it
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locked like we had a sick fuel cell 2.
The ground said they'd keep an eye on it
and it shouldn't be any problem. It
wasn't.

When we ran the lighting check between
the two vehicles, the lights sll worked
Just fine, except for the spotlight. When
I threw the switch, I heard it come out -
heard the door open, but saw no light.
Subsequently, we discovered that the cir-
cuit bresker for that particular light
down iIn the right-hand LEB haed popped out.
But at that time, I wasn't in much of =a
pesition to climb down there and push it
in., Actuslly, we didn't even see this
until the following day. It's sort of
buried on 225.

When the IM radar checks were complete,

I called P20 to check the tracking. Even
at the close ranges, it automatically
pointed the CBM X-axis to within 1 degree
of the LM. P20 appeared to be much
smoother gt the close ranges than it had

been in the simulations.

EONRRELAET
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I performed a COAS calibration after sun-
set on Aldebaran, which was abcut 10 de-
grees from the LM, t was again much
easier than the simulator. The cglibra-
tion worked out to be 359.TL and 57.167
for the shaft and trunnion.

The only ancmaly prior tc phasing was the
time at which I crossed the 170-degree
point for the horizental adjust chart.

It appeared that we would be approximately
3 minutes early at the horizontal crossing
and this was the basis of the state vector
out of the computer. I believe there's
some gquestion es %o the wvalidity of this
particular technigue that we'll have to
lock into. The horizontel cressing oc-
curred et approximaetely the same time,
with both vehicles. The LM gave me s

call about the time I was getting 180 de-
grees on the state vector local horizontal
relative to tne X-axis. There was no
particular CSM PREP for the phasing burn,
other than to line up on the local hori-

zontal and perform s horizental adjust
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if the phasing burn was not ccompleted,
So, there was no P30 or P40 associated
with tke phasing burn.

When thre command module began his RCS
separation burn, I tegan tracking him in
PGNS RATE COMMAND. PGNS RATE COMMAND
provides a very good contreol system. I
was in fine scaling. I was able to track
him as he moved away; the rates went to
about 1 deg/sec, and he was easily tracked
in this mode. When we got to some dis-
tance where the l-deg/sec rate looked like
it was going to hold, Rusty inserted a
VERB 76, ENTER, which put us in PULSE.

I then tracked him in PULSE for the re-
mainder of the time and PULSE CONYTRQOL
provided an excellent control mode, even
with the descent stage still attached,

As the spacecraft moved cut across the
ground, ne was very easy to see compared
to the other objects I've seen in space.
I think the silver color of the Gumdrop
and the way it reflects the sun provides

an' excellent source of light even against
g o W
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eloud backgrounds. Whenever he moved
across the gurface of the earth, without
the clouds behind him, he was very, Very
easy to see, and we tracked him out to
some considerable distance.

8. Meneuvering and maintaining in minimum
deed band sttitude hold: In using stand-
ard procedure to get to an AGS-calibration
attitude, we ended up about 22.5 degrees
attitude difference from where we should
have been. T believe this was due to the
difference in the REFSMMATE between the
two vehicles, The point is that in using
this technique, we should mske sure we
understand what the position of the com-
mand module ball should be relative to
the REFSMMAT in the LM.

Maneuvering the spacecraft to the proper
attitude was no problem. It was done
automatically with the DAP using the

VERB 49 to a predetermined attitude from

P30 and Phi.

| P -#
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4.5.1 Command Module
SCOTT 10. Photography of undocking: After

the undocking, stationkeeping with the
command module was relatively easy both
5C5 and DAP. I set it uwp in the DAP in
order to maintain a position to enable
me tc tske pictures of the LM landing
gear as it did its 360. I backed off
somewhat farther than T would normally
for a landing gear inspection in order
to inciude the whole vehicle in the
pictures, There's no doubt that you can
tell tkhat the landing gear iocks mre in
fect locked. UHot necessarily by the marks
or: them but by the geometry, and they're

s easy to see in profile as the LM rotates
around.
11, Formation flying and LM inspection:
The lunar contact probes were all four
down and locked and locked like they'd
contazt the lunar surface or impale the
lungr surface with a certain degree of
reliaicility. There were no apparent

pieces missing from the LM. It locked

“ B IR w"';‘”
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like it was all solid and in one piece.
This was some concern since during the
docked DPS burn we had all noticed pleces
coming from the LM, small irregular
pieces.

12, C8M RCS SEP burn: At the comple-
tion of the inspection of the LM, I
prepared tc do the asutometic maneuver to
the separation burn and P41, When Jim
toock over stationkeeping, I went to
MINIMUM IMPULBE or free drifting mode,
There was very little effect and it's
obvious that you could stationkeep in
MINIMUM IMPULSE with no problem at all,
The separation burn was performed on
time and the DSKY read 5.0 and the EMS
was 5.2 feet-per-second. It took
approximately 12 seconds, which was the
same time required during the simula-
tions,

After the completion of the separation
burn, I maneuvered to & predetermined
attitude to point the preferred tracking

axis at the LM for their radar checks,
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and also to perform a P>2. The realign-
ment was done in daytime, the preflight
stars were available, and AUTC optics
drove nominally.

After the.CM SEP burn and the LM went
into darkness, it was very easy to
follow the visual image of the LM irnto
the image of the light. The tracking
ligkt was clearly visipie. When the LM
came back in the daylight, it was easy
to see the light as the LM came into
daylight, and then see the LM Image
itself with the light superimposed on it
at the close ranges. The flashing of
the light is a good point source of light
for marking in the sextant when the LM
is st close ranges because the LM fills
anywhere from a quarter to a full field
of view, depending on how close you are.
At these close ranges, you can use the
tracking light very well as the point of
teaking marks with the sextant.

Prior to the burn, we always made an at-

tempt to verify our general attitude.
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In this particular case, we were able to
compare the PONS attitude errors with the
AGS attitude errors, and lock out the
windcw and see that we were essentially
vertical, thet's with the X-axis pointing
away from the earth. We did not attempt
to use any attitude check stars or any-
thing like that. We knew approximately
what the attitude was going to he local
vertical, and we knew what this was on
the inertisl ball. Using AGS and PGNS
and the cut-the-window general view, we
determined our approximate burn attitude

and made a GO/NO-GO on that.

14, Rendezvous radar tracking (P20):

CSM from post-TPI to TPF -~ because the
LM tracking light obviously was not work-
ing, no merks were made. The P35 was
called up anyway to run a solution for
the first midcourse to see the comp
cycles and how it worked, and it came up

with a small solution somewhat different
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but comparable in magnitude to the IM's,
The spacecraft was oriented so that the
X—axis would point to IM by P20; and as
soon as the LM broke into daylight, it
was visible all the way in even though
against the light earth background it
was visible as & dark spot until it got
in closer and then the image became
clearly visible. The diastimeter was
available to pick uprange, and it seemed
to ccmpare fairly well although it was
difficult to read because the light in
the read-out is so dim. I got one read-
ing at about 2 miles and had to pull my
flashlight out to read the read-out in
the diastimeter. Another interesting
point was that the alignment of the two
images was not horizontal. They were
approximately 30 degrees off from the
horizontal alignment, but you could still
get eaocugh comparison to judge the range.
As a verification of range, the diastim-
eter worked very well. The mounting

bracket, in particulsr, was very good be-



SCOTT

L B

causze it had a stow position completely
out of the envelope of the left-hand
couch., The lighting on the LM was much
better than we'd seen in simulstions at
C&C. The entire vehicle was visible
through the diastimeter, and it was very
easy to select the edges of the vehicle
in order %o place them properly to get
the ranging.

14, Rendezvous radar tracking: At

3 miles, the LM had a range rate of

L2 rt/sec and the CSM had a range rate
of 43 ft/see, which showed close agree-
ment in state vectors. When the CSM
was indicating 1.5 nautical miles and

33 ft/sec, the IM radar was at 9800 feet
end 32.5 ft/sec. The first visual con-
tact of the IM occcurred at some point
after the 3-mile comparison of range and
range rate, and it was visible in the
sunlight as it popped out of darkness.
Just prior to that, we had made a com-
parison of pitch angles. The IM pitch

angle was approximately 86 degrees, and
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the command module pitch arngle was almost

90 degrees.
1k, Rendervous radar “racking: After
the LM phasing burn, the target DELTA-V
appeared to update the siate vector prop-
erly, and a P20 maneuver, AUTO QPTICS,
rointed the sextant tc include the IM in
the field of view. The P20 drove very
smaothly and AUTO OPTICS tracxed smoothly.
Trke LM was easy to see st daybresk and
the tracking light was still visible.
Prior +c daybreak, the IM thrusters were
clearly visible every time they were fired,
as a large red-orange vapor cloud. dJust
after daylight, I got a cryo pressure
light, which made everything feel Llxe
the simulations. Now I had two lights on,
the fuel cell 2 and the cryo pressure.
Shortly thereafter, the fuel cell 2 light
went. out, We had an exchange of switches
from Houston on the heaters on the E2
tanks tc get them squared away.
Several comparisons made prior to the

TPI zero GO/NO-GO with the M indicated

MDA r



SCOTT

COMPIDPIS - o155

that both spacecraft had comparable state
vectors. Range and range rates were run-
ning very close to within less than a
mile, and about 3 to 4 ft/sec. Throughout
the tracking period, the LM was always
visible g5 an image. It was easy to pick
out the entire IM in the sextant and the
marking was done on the tracking light.
The marks were performed as per the check-
list and the solutions toc the TPT zero
were called up as per checklist,
As we approached sunset, the LM was vis-
ible a1l the way into the sunset and
changed from a visual image to the flash-
ing light again. B8So, never was there any
problem in obtaining wvisual contact with
the LM throughout this phase. One prob-
lem was noticed with the telescope: at
the right sun angles, the prism split on
the telescope — blanked out the center —
and the LM was not visible when the tele-
scope was lined up with the IM in the
center of the reticle because of the wide

illuminated band across the center of the

SQNEINENTIAL..
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telescope, but it was plainly visible in
the sextant.
The CSM alignment performed after the
GO/NO-GO for TPI zero was nominal. The
torquing angles were plus 0.083,
plus 0.008, and a minus 0.03L4, which in-
dicated a good platform. P20 was used
te point the CSM at the LM during the
flyby, or the cleosest approach. At that
range, P20 was still working very smoothly
and put the IM within a degree of the
center of the COAS,
15. Monitor of IM insertion, CSI, CDH,
TPI, and MCC burns: The command module
gupport of the insertion burn was to tar-
get the same burn 1 minute later. This
was performed on time, no naomalies. An
automatic maﬁeuver to the burn attitude
was verified by comparison with preflight
angles and position relative to the hori-
zon. The communications preinsertion and
postinsertion burn worked very well and
I was able to get the gimbal motors off

very shortly after the completion of the
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insertion burn.

After the LM insertion burn P76 was loaded
with the LM DELTA-V's, the bias time for
the burn time, and P20, I did an auto-
matic maneuver plus AUTO optics to point
the sextant almost directly at the LM,

The marks were incorporated according to
the checklist with no problem, and seversgl
range and range rate values were read out
and compared with nominal. They compared
within about 1-1/2 miles and within about
4 or 5 ft/sec of the nominal values for
the times that were specified prior to
CDH. Just after the first mark period
after insertion, the ground called an H2
tank fan ON, which illustrated the help
that the ground was providing and enabled
me to spend most of my time on the left
and center seats which actually enhanced
the operation. I could be assured the
ground had a close eye on all the systems.
I might comment at this time on the tech-
nique that, 1 guess, evolved from the

simulations. When we first started, T
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spent quite a bit of time monitoring sys-
tems. As we got proficient in working
with the ground, I got more confidence in
their ability to monitor the systems. I
spent less and less time monitoring then.
During the rendezvous, it was a big help
to have the ground watching as close as
they did, and it enabled me to spend most
of my time navigating and flying the space-
craft. As a matter of fact, the only time
I made a complete systems check was prior
to each burn, and I would check the com-
plete right-hand side of the spacecraft
with the gage selectors and would monitor
for nominal values.

At approximately 60 miles, the IM still
appeared as a good clear image in the
sextant. The size of the LM was approxi-
mately 40 arc seconds. It filled the gap
between the double lines in the sextant
reticle, and I could still see the foot-
rads on the descent stage.

One of the problems we encountered during

simulations was a loss of communications
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between the two spacecraft when the atti-
tudes changed for the CSI and CDH burns.

I have a note here that, about 10 minutes
prior to €SI, I did lose COMM with the IM.
That was about the time 1 started maneu-
vering to the CEI burn attitude. For CSI,
I targeted the command modulg with the
ground pad 1 minute after the IM burn
time, which was a mirror image burn. At
about 20 minutes prior to CSI, I checked
the cut-of-planes of the IM with the

VERE 90 and had plus 0.09 nautical mile
and minus C.4 ft/sec at the time of the
IM CSI turn. At 11 minutes prior to the
burn, I checked the range and range rate.
Nominal was 62 miles; I had 60 miles.

The range rate nominal was 118; T had

122.

The period from postCDH to postTPI in the
C3M is the time during which the most
amazing part of the whole flight occurred,
as far as I was concerned. After CDH, I
did the P76 normally, & P20 to maneuver

to the preferred tracking axis, and a
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VERB 57 to get auto opties. When I took
the first lcok through the sextant, there
was the LM about one-half degrece from tne
center of the sextant. This was alter

1 hour nad elapsed. There had been no
marks, and two maneuvers had been inserted
through target DELTA-V intc the CMC. The
agscent stage was a good image in the sex-
tant, and the range at this time was
slightly over T0 miles. On the first
mark, after acquiring the LM with NQUN 49
display, ine threshold of the DELTA-R and
DELTA-V wasz 2.6 miles and 18.1 ft/sec.
Pricr to flight, we had asked MIT to come
up witl some numbers beyond which they
wouldn't consider convergence in the sclu-
tion. Interestingly encugh, the numbers
they had provided us were 2 nautical miles
and 15 ft/sec. They said that, at this
value, they still had obtained good solu-
tions fo£ any postCDH, preTPI maneuver and
that they hadn't really determined what
the linits were. Alsc, they said that

this was probably a good limit at which
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decided to go ahead with the state vec-
tors I had, to continue the mark process,
and to check range and range rate after
the first W-matrix initislization to see
exactly where the relative state wvector
stood in the command module with respect
to the one in the LM. Affer the first
mark period, after W-matrix initialization,
I got the command module range and the
range rate at the same time the LM data
was passed. It was 67 nautical miles and
112 ft/sec, with the LM having 67 miles
and 107 ft/sec, which meant that the state
vector comparison was very good.

At the beginning of the next mark period,
I again got a 0649, This time it was

0.3 nautical miles and 3 ft/sec, which
meant that the W-matrix was converging
and that the solution would hopefully
converge, which it finally d4id., At the
end of the second mark period, I toock a
lock at the W-matrix which was 0.11 and

1.1 which indicated that it was coming

~COREDENTIAL ™
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down; but 1t was still providing adequate
weight to update the state vector. After
the third cycle through P34, which took
place after the third group of marks, I
could see that the solution was converging
toward the LM sclution as far as time was
concerned. It continued with two extra
msrk Teriods, which brought the total num-
ber of marks prior to TPI {after tie W-
matrix initialization)} to 30. At the

time of the firnal COMP cycle on the fixed
elevation angle, the compariscon witha the
LM was within 9 seconds and the DELTA-V's
compared very well, as can be seen in the
charts. The TPI burn was monitored by
targeting a mirror image burn at the same
time or, as we had planned, program P34
with the LM igrition time and by using ithe
time option. Then, at the completion of
the TPI, a P76 was used with the actual LM
burn and actual TP time, plus the bias
witl the burn time.

17. Formaticn flying: After the com—

pletion of braking phase, the IM pitched
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aCOTT over sc that the C5M cculd visually cob-
serve the zscent engine. Everything
loocked as if it were intact with no
pieces missing or insu-ation torn off,
and it was casy tc look into the engine
nozele and c¢ven see the injecior and

the chamber, apparontly because cf Lnae
sunliight reflecticn at thal particular
time. The nozzle wzs blacx, the cham-
ber was still silver, and everything
lecoked clear ard smootii.  The pulsing

ol tae RCE jets was visible. It looked
as if trke particular control modes used
were very active. During the termiral
nart cf the docking, it scenmed as If

the Jjeis were firing a‘mest at intervals
of 0.2 or 0.3 sceond. The finzl ap-
prozch to the contact by the ascernt stage
iooked very smocti.  lnere were nc over-
shoots or oscillations in gtiitude. Lt
appeared, oven thouga 1t was a very

slow closing rate, to be a very stable
closing rate.

20. Dockirg and pressurc integrity:

AESPIDEhbi
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At the point of contact, when the LM

got into the probe/drogue contact point,
it was well within the boundary as in-
dicated by the diamond on the target on
the IM relative to the CSM COAS; and I
would have estimated the contact velocity
at about 0.1 ft/sec. Approximately

T seconds later, I got the barber poles
on the capture latches and then proceeded
to gstabilize and align by using a mini-
mum impulse., As before, 1t was effective
to align the two vehicles by using the
CSM COAS and the LM target. We had de-
clded prior to the contact that we would
not do an automatic retract because of
the questions we had on the EXTEND RE-
LEASE switeh. As mentioned previously,
when T went to check the switech prior

toc the docking after the rendezvous and
rlaced the switch in retract, the talk-
backs indicated barber pole instead of
the gray that they should have been. By
cyeling the switeh up to extend and ob-

serving a gray talkback and then back to

T ama )
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retrzct, I did get the gray on the talk-
backs, which indicated that the canture
latches were cocked and ready to accept
the docking. However, Lo preclude a
retraction without capture in subsequent
problems, it seemed a5 il 1t would be =
better idea Lo go shezad and just 4c¢ the
capture and, afier everything was sta-
bilized, to iniiliale the retraction.
After aligning the two spacecraft, I
retracted on the secondary system, and
it took approximately L to S seoconds.
Again, it scunded like we got a double,
or two groups of latches. It was a
dcuble sound on the latching, but solid,
which indicated ihat we hag a secure
hard dock. I guess we could describe

It more as o Tinite period of Lime of
noigse rather than cne bang., Tt's nard
tc distinguish two separate bangs, but
it might, be interpreted =8 a grcup of
satches going ard thern the side of the
tunnel hitting; but there was a definite,

finite period of time durlng which we

COMREN bl
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5COTT could hear latches. After the capiure,

there were no significant postcontact
dynamics and no cscilizlions, just =a
slight drift as we had secn on the T
and the D trainer.
2l. Docking and integrity checks: Fron
the command module side, there was never
any question about belng able to perform
tae final docking. The conly problem was
that the CCAS again faded on a white dock-
ing target con the LM, andéd it was very dif-
ficult to see tne COAZ even though it wus
visible. We do need a brighter, sharper
COAS.
2?. Turnel operatiors and IVT: Concern-
ing +the ftunnel operations, upon reroving
the probe from the turnel It was warm to
the touch, appreximately 210 to 120 de-
grecs., Taig was to the barehanded touch.

MCDIVITT 25. LM jettison: When we got to the

LM jettison and the separation maneuver

fron the LM, we had a very interesting
expezrience. I belleve that nominally we

arc surposed to jettison the LM at --
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The nominal separation maneuver was to be
performed at 101:38:1k at the following
inertial angles: 132.9, 105.8, and 23.5.
The pad passed up to us had us separating
at 101:32:44 at the following angles:
137.4, 92.5, and 21.9. The nominal jet-
tison attitude was 0°, 157°, and 45°. The
updated jettison attitude was 18.5, 282.0,
and bh,7 —

I think that the main point is that we
were at g different set of angles from
those which we had practiced in this lit-
tle exercise in the simulator. We had
gone through this manuever a number of
times in the simulator. The idea was to
separate, to stop the translation hetween
the two vehicles, and to do an auto maneu-
ver to the separation attitude — then at
the separation time to do this 3-ft/sec,
6-second burn. This maneuver was to be
an auto maneuver using VERB 43. We in-
serted the anhgles in flight and did the
maneuver, and it drove us right into gim-

bal lock. BSince we were using a new set

AE O T
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of angles, I guess we should have wulched
the ball & little closer; bubt we certainly
werezn't expecting a4 set of numbers that
woula do this. After we got into girbal
lock, we had to modify Lhe plan a 1ittle,

£

We went back to an attitude that put us
cut of plune somewnat and was to thrust
us in a manner which would clear iLhe L.
We did this. We went ahesad and made =
3-fo/sec maneuver in a direction tnat
would clezr us Trom the LiM. We were well
clear of the LM and had it in view at the

ti of ignition. We were able to tzke

o
2]
4"

some plctures of it, and T guess these

have been recorded for posterity some

L1. D5KY and iape mcter changes: On

the polsar plot which we slarted updating
from 45 miles, all thec points we tock
were within about a pencil width of the
nominal line drawn on that plet. The
Jasz data point Lhat we plotied was at

a range of 30 000 feet, and at that point

it became obvicus that there was no neceg~
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sity for continuing the polar plot.

L9, BRR corona test 1: After we got close
to the command module and began station
keeping, we did an auto maneuver at one-
half deg/sec, narrow deadband, and another
one 2 deg/sec in wide deadband. Once
again, the DAP performed very well with

no problem at all. We were then going

to unlock the radar from the command mod-
ule znd perform a test to see if we had
any corona problems. We were unable to
unlock the radar and, I guess, could have
had the command module to turn its trans-
ponder off, but we didn't bother doing
that. We went ahead and did the maneuver=-
ing and saw no change in signal strength
on the AGC. We were looking at the trans-
mitter on this particular maneuver and
saw no changes in anything. We then went
back and reloaded the DAP for two-jet

(I think it was system A) tight deadband,
2 deg/sec, and began the docking maneuver,
50. Maneuvering to docking attitude

and translating to capture latch: We
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MCDIVITT irstzlled the COAS ir tke overhead win-
dow, and it was apparent as we were in
clecse that the CCAS on Lhe cormand mod-
ule and the command mcdule suniit com-
pletely faded out at any xind of renge
a% all, and that we would have to use a
little intuition ir ke doecking. I
pitched around tc the 90-degree polint
and then, locking through the overhead
window, - “ound that the upper parv of
ry helmet was ail scarred up and I was
naving a little bit of difficulty secing
the comrand module thrcugh the top of my
visor and the COAS. When the CRAS is
superimposed on the command rmcodule, it is
impeossible to see any portion of it what-
scever, 1 starlced to deek and thought
tnel I'd bpetier make sure that the whole
thing works. Therefore, I maneuvered o
onc side and locked tc sce if it was still
all there and got a pretty good idea of
where it should be by leoxing through the
overhead wirdow. I moved ftack in, and

as I closed, 1t was still almost impos-
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sible to see the COAS. I had to mancuver
my head around and try to see the dock-
ing Larget and the COAS together, neither
cne of which was very bright. After some
manipulation, we were able to get 1n close
enough where the COAS did appear on the
docking target, which was back inside the
shadow of the command module window, As
I got in close {about 4 or 5 feet), I be-
gan to see ithe COAD appear against the
darker background of the window, when

the window began to fill up a little

more of the COAS. At that time, T could
tell what my attitude was with respect

to the docking target, and I could see
what my translational position was with
respect to the docking target. T mancu-
vered around at this fairly close range
until I was in a proper attitude, and I
went ahead and docked. During this partic-
ular time, Dave was telling me that I
was inside of the safe boundary, outside
of it, or whatever my position was, and

gave me a good GCA until T got down where
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I could see the wholie thing. I think
that the COAS brightness has to be in-
crzased manyfold so that it can operate
in a bright envirconment Zike this; and
I think it alsco would be worthwhile to
brighten up the docking target, if at
all possivle. In positioning myself te
loock through the cverhead window, I did
not use the pip pins on my restraint
system to hold my hips to the panel 5.
I sort of bent my knees and leaned back
and looked overiead. I couldn't find

g good position that was comfortable.
Tre reckring on my suit stuck into my
threoat, and I had a very difficult time
maneuvering ny head inside of my helmet
to find a clear part that wasn't all
scratched and gouged on the top of the
helmet throughk which to lock. I tend
to believe that these scratches and
gouges came from operating in the rear
of the IM while trying to stow the OPS.
Rusty seems to think that T should clar-

ify my statement here on the use of the

DRSS
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pip pins. I did not use the pip pins be-
cause I felt that I could position my-
self better by using only the restraint
system and looxing through the overhead
window withiout the use of the pip pins.
I'm not sure what the clesing rate was.
It was very low because of the proximity
at which I finally located the COAS and
the docking target. The light weight

of the ascent stage made it so that I
never really did stop the translation
left/right and the horizontal components
with respect to the docking probe and
drogue. I had to thrust continually
left and right and fore and aft, or
whatever that other direction is, to
keep myself within the boundaries of
where 1 wanted to be prior to contact.
51. Deceking: We got in close, and the
standoff cross or the docking target
fizled the 2-degree mark on the COAS.

I went ghead and started thrusting.

This indicated +hat we were at just about

the point where we were captured. It

GODLALL bbbyt
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clunked in, and I could feel the drogue

and the probe make contact very gently,
and Dave called a ccuple of barber poles.
Dave said it took 7 seconds of thrusting
from the time I started until the time
we got the barber poles. At contect,
wken Dave called the barver poles, Rusty
inserted the VERB 76 ENTER, which put

us in a free mode, or a PGNS pulse mode.
We were at the end of the probe, cap-
tured, but not latched up with the two
tunnels together. Dave then damped
wihatever residuals rates we had because
it was very difficult to see these rates

from the 1M side.
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1. IVT: The IVT check was the game as

on the previous day.

2. Entry status: The entry status check
was no different than on the previcus day,
except for the fact that we discovered

my OPS heaters didn't work. This time,

my magic touch with the heater switch
didn't work, and we were never able to

get the green lights to come on,

When the LMP transferred over, we ran

into a problem with the communications.
His push-to-talk switches on both the
rotation hand controller and his hoses
wouldn't work. He was committed then to
operating off of VOX for the remainder

of the flight. The commander's side oper-
ated properly, so it appeared that we just
had a malfunction on the LMP's side.

As in the other activations, we had to
activate the glycol evaporator earlier
than it called for on the checklist to

keep the temperatures down.
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4, IMU course and fine align: When we
completed the radar check and opened up
the radar circult breskers, we began the
first alignment of the IMU using the LM-
only data. We maneuvered, AUTO maneuver,
to S8irius prior to sunset, and when we got
trere, I was able to see Birius without
arty problem at all. It came right into
the center of the AODT,

After I locked through the AQOT for awhile,
1 pecame semi-~dark adapted, although the
sun was still shining intc the spacecraft
or reflecting off the spacecraft and we

had all the lights in the spacecraft up.

1 gradually began to see Canus Major with
all its stars, and finally I could see
Orien and gll of its associated stars. BSo
there wasn't any trouble identifying Sirius
in this twilight zone. As a matter of
fact, I believe I had 10 marks, five X

and five Y marks, on Sirius completed
before sunset,

It's interesting to note here that the

sun was benind us. OSirius was approxi-
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mately at the zenith when the sun set, so
we had about 90 degrees between the sun
and Sirius, There wasn't any periocod of
dark-adaption to speak of before I started
locking through the telescope. 1 essen-
tially looked through it as soon as we got
to the attitude. I had an eyepatch on for
maybe a minute or so prior to that time
but certainly not dark-adapted.
The technique that we had worked ocut for
alignments was for me to watch the star and
call the pulses left, right, up, and down
to Rusty, who put them in. It seemed to
work even better in actual practice than
it had in the simulator. The simulator
provides an additional problem in that
it's very difficult to see near the cen-
ter of the telescope because of the mirror
configuration in the simuwlator. In the
actual spacecraft with actual stars, we
were able to maneuver through the X and Y
lines much closer to the center of the
telescope. It was much mcre egsily done

and done a lot quicker, too.



4-1178

McDIVITT

We did the maneuver over to the next star,
Acrux. As the maneuver tock place, I
could see the stars coming up and the
spacecraft pointed essentially at Acrux,
whizh indicated our docked alignment was
once again quite good. Here egain, we
had no problem aligning on Acrux and made
the 10 marks that we were going to use
there. I might add that at the completion
of this, we had five zeros, which was
something that we had never even come
close to in the simulator. It's much
easier to do it in the spacecraft than it
vas in the simulstor. The star angle
difference was five zerocs.

While leooking through the telescope at
the stars, the spacecraft was being men-
euvered in PULSE mode, and the flash of
the thrusters could certainly be seen as
an orange cloud, but didn't in any way
affect the ability to see the stars.

This particular period between separation
and phasing was probably the most heavily

loeded as far as workloed went in the
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entire mission. QOur hope was 'to get
through the ACIL alignmert in some reason-
gblc Time, 8o we could vress on with the
preparation for the AGS phasing burn. It
turned out that we were able tco complete
this in much less time than we had ever
done in the simulator, wiaich provided a
iittle pad at the cther erd that we could
certainly use.

On the completion of the alignment, we
did & star check using the COAS. This was
not ag casily dene as I had aoped., Un-
fortunately, we had the moon in the wview.
We were using Spica as the gtar. We had
<he meoon and a very brignt planet, and
Spica by comparison was quite dim., Eow-
ever, we were able to identify it, and
wnen we did, the CCAS callivration showed
vial the star was (.5 degrees to the right
and zZero up and down, whicn was certzinly
within the bounds that we expected.

From the LMP's side of the cockpit, the
alignment went very smocthly. The mode 2

errcr needles gave me an excellent plcture
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of how the star wes behaving in the AQT,
and the callouts that Jim would give —
one or two pulses right or left, up or
down — corresponded exactly with what
wes displayed on the mode 2 error needles,
And this, of course, ensbled me to keep
track very easily of where the star wes
with respect to the center of the X-Y
lines. The star angle differences Jim
mentioned were five zeros and the NOUN 93,
the torquing angles, were minus 0.09,
minus 0.076, and plus 0,111 degrees, all
around 0.1 degree, which islvery good,
and which indjcated we had a very good
dock alignment.

The maneuver to Spica for the COAS check
was started at about 93:26, which was

21 minutes prior to the phasing burn.

In cur simulations, for comparison, we
were always in the order of 12 minutes
at this point. 8o, we ended up doing
the alignment about 9 minutes ahead of

the best we had done in the simulations.

COMNHDENTIRE
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T. DPS gimbal drive and throttle: Again,
the gimbal-drive and throttle test was
identical with what we had seen gll
through our training. The values which
were updated tc us from the ground were
slightly different from those which we
had expected from briefings preflight,
but they were within 10th's of degrees,
so that there was no problem in that.

9. Undocking: At 25 minutes prior to
the BEP burn, as planned, I moved the
EXTEND/RELEASE switch from the OFF posi-
tion to the EXTEND position. And the
talkbacks went from barber pole to gray,
indicating that the probe had extended
full, but the capture latches did not
release. The LM hung on the capture
latches and you could feel a definite
thud as the probe hit the end of its
travel. At that point, T put the

EXTEND /RELEASE switch to EXTEND sgain.
Again, the talkbacks went gray, but again
the IM 4id not release. Then I cycled

the switch, the EXTEND/RELEASE switch,
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to RETRACT to check the talkbacks, and
they were both barber pole. Okay, after
cycling to the RETRACT position, I again
went tc EXTEND on the EXTEND/RELEASE
switch. The talkbacks were again gray,
but this time the LM released, and fell
off the end. By this time, we had drifted
some 1C degrees in attitude.

Anyway, I guess I hadn't held the switch
in the EXTEND position long encugh to
enable the capture latches to release.

We had tried to do this in the chamber in
order to glve curselves a check on the
full extension of the probe; that is,
cycling and holding the switch a short
time ar.d releasing the switech before the
capture latches would release, which they
do after 3/L-inch extensions on the probe.
We were unable to do this in the chamber.
In other words, the capture latches
released too fast and you couldn't get
of f the switch fast encugh toc beat the

latches., Golng back and recycling the



SCOTT

SO e L

switeh to the EXTEND position again and
holding it, the capture latches still
didn't relesse. And only until I recycled
to the RETRACT position, and then back to
the EXTEND positicn, did the capture
latches release,

I might as well throw in the cycle of the
switches when we got ready to redock,
because there was an anomely tnere, and
mayve there's some association between

the two, After the completion of the
rendezvous, I placed the EXTEND/RELEASE
switech to the RETRACT position in prepa-
ration for the capture. The talkbacks
were barber pole, whereas they should
have been gray. I again cycled the switch
to the EXTEND position; the talkbacks

weré grey, indicating that the probe was
still fully extended. I cycled the

switeh back to RETEACT and the talkbacks

went gray that time. Everything loocked
nominal for that particular position at

that time. The normal procedure is to

hold the switeh until the talkbacks are
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As I remember, I did that. T don't
remember exactly when tne clunk of the
probe hitting full extension cccurred
relative to the time I tock my finger
of f the switch. I believe that rmy finger
was gtill there when the talkbacks indi-
cated gray, which is an indication of
almost complete extensicn of the probe.
This should have been well past the point
at which the capture latch 1s released.
Anyway ., after we finally got the LM re-
leased, we had drifted off in all three
axes (primarily pitch) approximately
10 degrees, because neither spacecraft
RCS was operating during the undocking
portior.. After release, I backed off
and toék a stationkeeping position rela-
tive t¢ the LM without an attempt to go
back to the undocking attitude since I
would maneuver shortly anyway to the
proper attitude for separsation.

MeDIVITT As we stﬁrted the undocking I could see,

through the upper window, the distance
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between the command module and the LM
begin to open up. I was prepared to
float gracefully off into space when we
got to the end of the probe, and, as Dave
said, there was the clunk, We sort of
hung there. It's a little difficult to
judge the attitude changes through the
overhead hatch window because it's so
small. You've got to lock at them from
such a funny direction. I also had to
remove the COAS and had it down in the
front window at this time. BSo we didn't
attempt to do any rate damping or anything
like that, When we finally were released,
we sort of fell off the end and were in

a peculiar attitude compared to what we
had been accustcmed to in the simulations.
10. Secondary S-band and VHF B Simplex:
The secondary S-band COMM checks were run
at Antigua, and during those checks, it
was noticed that there was some noise on
the primary S-band transponder. This

disappeared Just about the same time that

R s
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to use the secondary transponder. From
time to time throughout the day, we did
experience noise on both the 8-band and
the VHF. As best I can recall, at that
time we also set up and did the PLS8S COMM
check with the 1M, which worked fine.

The IM also transmitted to the command
module, and the command module relsyed via
tine CSM cne-way reley to the ground.
AMthough we didn't get any word back from
the ground at that time, they reported
later that the cne-way relsy worked.

That was followed by moving right inte
the LM two-way relay for the mode 10.

The TV pass which followed over the States,
was successful, except that the volce did
not geﬁ down. Following the day's activ-
ities and during the water boiler of sub-
limator dryout, a backup S-band voice
cneck was conducted; and there was some
confusion gt that time as to whether the
backup S-band voice was golng down. This

confusion came about becsuse we had been
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SCHWEICKART advised that the down voice backup on
S-band came hot off the intercom bus,
and it was not required to use the PIT
buttong. When I attempted contact with
the ground without using the PIT, T got
no response. Alternately pressing and
releasing the PIT, I conducted several
short counts from zero to five and back
down; and CAP COMM reported that whenever
I released the PIT, the down voice stop-
ped. There is a recollection of the
ground calling back later that one of the
COMM checks which did not appear success-
ful at the time was indeed successful and
that there was a possiblility of a mixup
on the ground relay back to Houston.
MeDIVITT 12. AGS: On the rendezvous day, when we
pushed the circuit breaker in, we found
that the LGC was not in STANDBY. TFor some
reason it came up in P06 with the flash-
ing VERB 37 but with the STANDBY light
OFF. We had the AGS warning light ON
from the time the AGS came on. We were

advised by the ground that it was an

“SObH b
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anomaly, but tc not be influenced by the
light, and to treat the AGS as an opera-
tional system; which we did. OPERATCR
ERRCR light on the AGS came on when we
were operating the keys, and they had to
be operated g number of times. Rusty says
that he had to hit it as many as three or
four times con the CLEAR button to get the
light to go out,

As we proceeded through the systems checks
on this particular day, we were staying
well shead of the timeline end were not
having any particuler difficulty with
them. We did a couple of things that we
hadn't done previcusly, like pressurizing
the AP3, but it was a nominal pressuriza-
tion. The thing that we had had g prob-
lem.with on the preceeding day was the
rendezvous radar self-test. I made sure
that we got to this well in edvance of
the time that we had it in the schedule,
As g ma=ter of fact, I had intended to

do it a7 least two times. It was sched-

uled in the timeline over Honeysuckle at
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gabout 92 hours. I did it without ground
coverage at about 91:40 or so. It turned
cut that the self-check was fine. We had
the rendezvous radar unstowed at this
time; and we ran right through the self-
check without any problem. I did some

of it twice and it locked like it was
working fine, GSubsequently, we came
across a ground station and I asked if
they wanted to watch it from the ground.
They did not, so instead of completing

it two times, I went through it about

one and a half times.

In performing the PIPA BIAS check for the
rendezvous day, we did get new values
there of plus 09, plus 01, and plus 01,
They were changed from the last PIPA BIAS
check on the systems day. On the AGE
calibration, the accelerometer bias co-
efficients remalined what they had been
pricr to and after the docked-DES burn.
Once again the gyro-drift coefficients
changed. This time they were plus 0.19,

plus 0.13, and minus 0.01 deg/hr. The

~CONPMBENT A



h-19p

SCHWEICKART

McDIVITT

el isinlad et

landing radar self-test was nominal, once
ggain identical with the previous days.
Rusty was watching the rendezvous radar
when I pushed the circuit breskers in.

He said we had a very, wvery slight oscil-
lation or movement when we pushed in the
DC breaker. One of the milestones in the
preparation for the undocking was the pass
that began about 91:05 across Antigua,
Canaries, and Madrid. In cur simulstions,
we found that this was the one point that
we had real problems in getting all the
things done that had to be done. In
flight, we were able to go through all

the things that we needed to do here
withcut too much of a problem. Once we
got through that, we knew that we were in
a good.posture to undock on time.

When we did the lighting check —- where

we checked gll the lights that were avail-
able t¢ us — I was unable to see the
command module spotlight. BREetween the two
spacecrafts, we now had no spotlights at

night, which is not a very good posture
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to be In. There might be scme consid-
eration given to using the EVA light as
a stationkeeping light, although it's
dim and we certalnly haven't had the
cpportunity to see what it can do in
actusl practice. It was &t this time
that I again checxed the alignment of
the COAS with the target in the command
module window. They were of! about
4-1/2 degrees in pitch and about one-
half (I should say 4-1/2 degrees up and
down as you're looking through the win-
dow) and one-half degree left and right.
It was down and to the right. It was
apparent that the briliiance of the
CCAS was far from what one would like
in the daylight. I had checked this =
nﬁmber of times during the daylight and
dark. It was perfectly adeguate in the
dark. We were able to detect that the
flashing beacon was indeed flashing,
seeing the reflection on one of the
gquads. The CMP could also see the light

flashing on the quad. We were assured
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from both spacecraft, then, that our
tracking light was operating.

The AGS was &lso checked at this time.
This close in with the AGS, data coming
out of 317 and 440 was gerbage all the

way.

15. Preparation for undocking: The
preparation for undocking went smoothly
and we were in a position to undock well
in advance of the time that we needed to
be, I think that our first ancmaly was
when we actuslly tried the undocking

itsgel?.

17. Maneuvering of LM: At this time,

we enakled the flight control system,

and rather than do all the maneuvers
that we. had anticipated, we eliminated
some of them.

We enabled the flight control system as
planned and did ocur 120-degree yaw man-
euver, Then, insteed of deing the
180-degree pitch maneuver, where we show

the descent engine bell to the command

m:; I L
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module, we declded to eliminate thaet and
just do the 90-degree pitch maneuver, so
that we could find ourselves in a posi-
tion where we were locking at each other
and still have enough time to prepare
for the seperation maneuver. We did this
under AGS control. After we'd done the
90-degree ptich-down, we maneuvered to
an attitude that put us in plane. We were
still somewhat off in pitch attitude. We
then started ocur 360-degree yaw maneuver
using pulse control. We were back on the
timeline at this time. We were at minus

18 minutes from the separation maneuver.

21, Formation flying in AGS and PCNS:
The pulse modes, both the ones that we
had used so far, operated fine. The
ATTITUDE HOLD mode on the AGS operated
fine, but the RATE COMMAND mode of the
AGS for orbital flight is a very poor
flight control mode. It's impossible
I believe, to command a desired rate
at low rates using AGS rate command.

The stick is no more than displaced from

‘\“.
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MeDIVITT neutral when we had rates in the order
of 1.5 deg/sec or so. On the simulator,
I displaced the stick and established a
rate, and then Rusty would move the
switch to the pulse position to estab-
lish & rate. We had a considerable
amount of difficulty getting the rate
established at some relatively low rate,
and getting the pulse switch thrown so
that we could continue on around at this
lower rete. 1 think the AGS RATE COM-
MAND mode may be alright for landing,
but it's certainly a very poor control
system for orbital flight.

After completing the yaw maneuver, we
went to PGNS ATTITUDE HOLD to stop the
rate. We then went to AGS control and
did soﬁe stationkeeping in AGS., As I
menticned, the ATTITUDE HOLD mcde is

fine. It doesn't limit-cycle excessively,
it attitude-holds properly; it's Just that
whenever you try to do any rate command-
ing, it's very pcor. The stationkeeping

in AG3 was no problem at all and the

S g M
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same with PCNS., We did some station-

keeping in PGNS and it was also very
easy to do. It's worthy to note, though,
that there were very few inputs required
for stationkeeping. It was easy in
either control mode.
24, Rendezvous radar lock-on: We brought
the radar on the line and I was tracking
the command module with the COAS and the
radar locked on properly. It was within
the range and range-rate constraints,
SCHWEICKART After the radar lock-on, I compared the
range and range-rate with the VERB 83,
which I had called off on the DSKY.
A VERB 83 at this range is a very erratic
display, which tends to alternate good
data with garbage on alternate computa-
tion cycles. 1It, therefore, requires
waiting a few seconds and watching the
DSKY display in order to evaluate when
you're getting the valid display of data
rather than the garbage display. The

valid display was up only 25 percent of

CONHDEERL——
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the time or less during this time perilod.
But when it did flash up on the DSKY, it
agreed very well with the tape, within

1 ft/sec, and you're comparing thousands
of feet. We were at about 1200 to

1400 feet on the tape meter when the DSKY
was reading a quarter of g mile. So, it
compared very well.

Following the VERB 83, the VERB 62 radar
self-check was called, and it agreed
exactly with the tape meter; there was

no diffeerence between them whatever.
After we had completed the slignment, we
locked the rendezvous radar back on. We
wanted to make sure that we got on the
main lobe., At this time, T was actually
able to see the command module, and we
did the first rendezvous radar lock-on to
AUTO TRACK visually. We were able to
lock-on quite rapidly. At the ranges that
we were at, the AGC was actually reading
higher (this is the signel strength read-
out on the rendezvous radar) than the

little check sheet that we had with us
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that compared range and AGC reading., This
wes an invaluable tool during the entire

flight to determine that one actually had
achieved the main lobe lock-on rather than

a side lobe. And at nc time during the

flight did it ever read lower than what
our chart seid,

The next event was locking the radar
back on the command module. Here agsain
we had no difficulty at all verifying the
main lobe lock-on. As a matter of fact,
throughout the rendezvous the esbility to
verify main lcbe lock-on was considerably
easier than I had expected it to be.

This was because I was able to see the
commend module at great distences, which
I wasn't really sure of preflight, cr, I
was able to identify the main lobe from
the chart we had for AGC readout.

It's slso interesting that I was able to
see three lobes on AGC rather than just
the twe that we locked at in the simuls-
tor., We had the obvious large main lobe,

we had a smeller secondary lobe, and the
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tertiary lobe locked like it was about
half the output of the secondaries.
After initiating P20 to start tracking,
and verifying the main lobe lock-on, we

keyed the VERB 80 to start incorporating

~the marks to update the LM vector. The

first mark gave us a 3-degree alarm as
did the second mark. However, the second
mark was quite close to 3 degrees, as I
recall., The first one was less than

4 degrees off and the second alarm showed
that it was converging toward 3 degrees.
The third mark went in without any alarm
and the remainder of the 12 marks all
went ia with no unexpected displays.

The AGS solutien to the TPI zero indi-
cated that we would have an elevation
angle at TPI zero of 32 tco 33 degrees,

22 ft/sec on TPI, and 22 ft/sec TPF,
Following the 12 marks in the PGNCS, the
LGC came up with 30.59 degrees for the
elevation angle, and the NOUN 81 data was

minus 20.7, plus 0.4, and minus 1.8 in
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UELTA Vx’ Vy’ and Vz. The Gumdrop called
over an elevetion angle after his first
solution of 211.49. Subtracting 180,

that corresponded with our 30.59 to within
one degree. Sg, it appeared that the
navigaetion was going well from both sides.
Following the first final computation
there for TPIO, we reset the RENDEZVOUS
RADAR BIAS ESTIMATER to one milliradian
and conductéd a rendezvous radar self-
test and a landing radar selif-teat, both
of which appeared completely nominal,
Following those two tests, we went back
into the tracking cycle in F20., After
completing the tracking cycle prior to
TPI,, the data at 14 minutes {which is our
final COMP time) came cut to 28.85-degree
elevation angle and a DELTA Vx’ Vy, and

Vz in NOUN 81 of minus 20.1 in X, zero

in ¥, and plus 1.8 in Z. The AGS by this
time had degraded considerably and indi-
cated a 31.6-degree elevation angle at
transfer, 20 ft/sec for TPI, and 24 ft/sec

on the TPT.

SO
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The corresponding numbers that were called
over from the command module agreed to

0.1 degree in elevetion angle, less than
0.5 ft/sec in X, and Z was sbout 1.5 ft/
sec difference. So, this fell well inside
the GO/F0-GO. We had a GO to go on be-
yond TPT,

Az Rusty's already pointed out, we had
good agreement with all the inputs that

we needed to decide onboard whether we
were GO or NO-GO., There seemed to be no
problem whatsoever at this moment. The

GO from the ground was just scrt of a
foregone conclusion.

All around the football, as we went arcund,
I alwgys had the Gumdrep in sight. When-
ever I really wanted to find him I could
Just lock cut and he was flashing light,
or, his sunlit reflection was out there.
We could alwsays see him, As we got out
past the insertion burn, he did eventually

disappear.
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26. Preparation for phasing burn: The
maneuver to the burn attitude was done
manukally using pulse mode, which was the
flight control mode used during almost

Q9 percent of the flight. We operated
in PGNCS pulse. We flew to loecal vertical
attitude and it was a good chance to see
how the spacecraft reslly performed in
this semi-heavyweight configuration.
There was a fair asmount of fuel left in
the descent stage and the ascent stage.

I think that this mode is certainly =ade-
quate for the kind of maneuvers that fake
place in orbit. As we got down close to
the burn time, we switched to AGES pulse
and again this control mode is very goed,
very good.

In preparation for the phasing burn, the
AGS was loaded with the NOUN 86 values,
which were called after entering PLO.
Again, as was experienced in the docked
DPS burn, after setting 407 to all zeros,
it kept changing state to plus one, which

necessitated special handling. I reset

CONRFPENTA—
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it a nurmber of times prior to the phasing

burn.

27. IMU and COAS: The pointing needles
cn the FDAI seemed to be very saccurate
when compared with the COAS. In trying
to get the correlation between the needles
and the COAS, I found that if I put the
target exactly in the center of the

COAS - the zero-zero mark - I had the
needles centered. I was quite pleased
with this because in ocur simulaticns we
never had everything lined up and it was
always an extra thing to think about when-
ever we were doing the relocks. To make
sure we had the main lobe lock-on we had
to place the spacecraft in a certain
position relative to the COAS during
simuletions. It's a lot easier to just
stick it in the middle.

28, Thasing burn performance and param-
eters: The procedure for the phasing burn
was: to start the ullage at 8 seconds and

get to 5 seconds, to hit an ENTER on the
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PGNS {so that it would count but not
necessarily send a fire signal to the
engine) and then to enable the engine
ginbal (so that it wouldn't be driving
prior to this time under AGS conmtrol).

At ignition, we expected it to start,
obvicusly; and at 5 seconds after igni-
tion, we were going to throttle rapidly

to 40 percent and let the AGS control the
burn at 40 percent. When the engine
started, we had a very slow, smooth start-
up to 10 percent. At that time, which was
approximately 5 seconds after engine igni-
tion, I started the throttle up. As I
throttled up to approximately 20 percent,
the engine began to rumble in a manner
very gimilar to a jet engine compressor
stall — or at least that's what it felt
like to me. I could actually feel the
thing on the floor — and it didn't seem
to be following the throttle as it had in
the docked DPS burn.

I wasn't as surprised as I might have been

on this becguse of s8ll the discussion that

COMH DA ¢
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we'd nad with the service propulsion sys-
tem and it being subjected to negative

g's, and the reguirement for a LO-second
burn to get all the helium out. We sub-

Jected the descent engine to the same

kind of thing, and I thought we might have

some ancmalies, but the chugging was a

little more of an anomaly than I had

expected. I stopped throttling at

2G rercent and let the chugging go away.
It left fairly quickly, in a matter of
seccnds, I guess. Then I throttled up to
L0 percent. The throttle-up went smoothly
and the engine ran properly at 40 percent
without any problem. It steered within

a few degrees of the attitude that I
expected it to be at, and had a very
nemingl burn with shutdown on time with
very low residuals.

Follewing the phasing burn, the PGNS
residusls immediately after the burn,
were minus 0.9, minus 0.8, and minus

0.6 ft/sec. Our procedure was for Jim to

switch the guidance control back to PGNS

NCOREU DB —-
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immediately on engine shutdown and then
burn ocut the residuals. After burning
out the PGHS residusls to zero, the

AGE 00, 301, and 502 read zero, zero,
and minus 1 ft/sec., It's probably worthy
of note that in burning out the horizontal
residual components, the Y snd Z compo-
nents, there was a good bit of control
activity teking place. I don't think
that this is any d&ifferent from the simu-
lator. The primary difference to us was
that for the first time we were able to
sense and hear all the activity when you're
burning the horizontal thrusters with the
c.g. so far below them. This came as g
hit of a surprise to us, =and perhaps tock
an ¢xtra 10 or 15 seconds of locking at
it and figuring out that it really was
working alright.

The checklist procedure for switching
inverters for each of these DPS burns was
followed, as was opening the cross-tie
balance load breskers, to run the busses

independently. Unlike the simulator, the
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BUS voltages stayed very close together
even though the commander's BUS was loaded
more heavily than the LMP's BUS,
Subseguent to each burn, we had a little
debriefing that we went through. On this
particular one, we were locking for the
ability of the manual translation control
to do a proper ullage, and there were no
problems associated with that at all.
There were no cross-coupling effects that
we could determine on the FDAT's. The
spacecraft responded dynamically to the
gimballing of the engine and the control
of the engine made by the AGS. It was
really a very undynamic situation except
for +he propulsion startup. The noise
level, except for the grumbling that I
mentioned earlier, was nothing to be con-
cerned with at all, could hardly hear it.
And the handling characteristics, as Rusty
mentioned, after engine shutdown were very
sloppy. Lateral translation is a very

poor thing to do in this particular con-
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figuration. We didn't experience any un-
expected torques or venting or anything
like that during the burn or subsequent to
it.

The radar tracking and marking at this
slightly greater range now really began
to mean something. It indicated that our
rendezvous radar was working properly and
we went up through the 12 marks to do the
cycle for TPI zero. After we had com-
pleted this, T sort of had a good feeling
that the radar and guidance/navigation
systems were working together. WMy con-
cern over our rendezvous radar was con-

siderably less from this moment on.

30. Insertion burn: Subseguent to the
TPI zero GO/NO-GO, we received a pad for
the insertion and we prepared to do an-
other aligmment. This alignment was very
gimilar to the first one except that it
wag started in the darkness. We did not
have the opportunity again to view the

stars in the dsylight. It wasn't an aw-
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ful lot different than the first one, ex-~
cept that we did an AUTO maneuver and did
2 star check throcugh +he AOT rzther than
a COAR calibratior check szt the cnd. We
used Regulus and it appesred right in the
center of the AOT. We had nc problem what-
sgever cn verifyirg our alignment. OCur
torguing angles were low and Rusty can
gilve you those.

The star-zngle differerce was plus 00004,
and the torquing angles were plus 0.089,
plus 0.05%, and plus 0.037.

After this, we had to lock the radar on
and I used a visual lock verification.

Tt certainly simplified the lock-on problem
wanen I could sec the target. We locked
on at a range greater than 19 C00 feet;

I believe we tock three marks before we
reached this point. We ther disabled the
update until we had gore cut to a range
in excess of 19 000 feet, gol three more
marks, and were able to proceed out of

this program and intc the preparation




MeDIVITT

SR B - - k-209

for the insertion burn.

The insertion burn was to be a PGNS burn
under AUTO control. We had automatically
done the maneuver to the proper attitude.
Again we were using rough attitude checks.
It was to be a pesigrade burn; we knew
this, We hed a local vertical ball.
ORDEAL was running. We had done a num-
ber of AGS alignments from the PGNS, AGS,
attitude-wise, was staying very close to
the PGNS.

With the number 1 ball rurning in orbit
rate and with the number 2 ball running

in inertial AGS (number 1 ball being in
PGNS), we could compare all three of

these inputs and determine onboard that

we had indeed maneuvered to approximately
the fight attitude. We could look cut
the window and see where the earth was
with respect to the Z-axis and make a
rough judgment.

This time, we used X translation at

g seconds; at 5 seconds, we enabled the

engine firing. We did the entire burn

CONRDENFAL -
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at 10 percent this time. The engine

came on and went off, a good nominal
burn. There was not an excessive amount
of steering and very few jets fired. It
was about as nominal a burn as anything
I'd ever seen.

I thought that the jets were being fired
during the insertion burn a falr amocunt.
It's difficult to describe quantitative-
ly, but my impressicn was that the er-
rors were going back and forth perhaps
1.5 degrees on either side of center

and was causing the RCS jets to fire
rather than being taken out only by
steering of the descent engine.

At the end of the insertion burn, the
PGNS residuals were minus 0.9, minus 0.2,
and miﬁus 0.3 ft/sec. After these were
burned out to zero, the AGS 500, 501, and
502 were plus 1, 0, and minus 1 ft/sec.
Dynamic responses were practically nil,
very small attitude excursion. The acous-
tical environment was, practiecally zero

level input to the ear through the hel-

—EONEHIE R
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MeDIVITT met or the bunny cap that we were wear-
ing. Visual effects of the DPS plume
were essentially nil.

SCOTT At the phasing burn, I was monitoring the
phasing burn visually through the ren-
dezvous window; the RCS was clearly visi-
ble; it was at night. The DPS portion
of the burn was not visible. I attempted
to take movies with the TO mm lens, but I

doubt if there was any good results.

MCDIVITT 31. Maintaining RR tracking attitude:
After completing the insertion burn, we
once again had to lock the radar on to the
command module. This was done without any
problem, Throughout the rendezvous, I
was running slightly higher on the AGC
than my chart indicated, I wrote down
some.appropriate range and AGC readings.
This particular one was 45 miles and

2.4 on the AGC.

31. Maintaining RR tracking attitude:
We did an AUTO maneuver to the burn at-

titude and I might comment on the AUTC

COMNHBENFHAL—.
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maneuver of the ILM. We were using 2 deg/
sec 45 a standard maneuver rate through-

cut the rendezvous. The digital auto

pilot d4id en excellent job. It estab-
lished this rate without an excess amount
of RCE cycling. It maneuvered right on
around, and when it got to its final at-
titude, it didn't seem to overshoot;
stopped at the proper attitude without an
excess amount of RCS firing,

The closest approach was 16 Q00 feet,

and it was nice to have the radar locked
on at sometime prior to the eclosest ap-
proach. Although the ground had called
out our missed distance to us in simu-
lations, we found that we sometimes had
d¢ifficulty getting back to the right at-
titude énd getting the radar locked on,
verifying that we were really going to
miss the other wvehicle. In flight, it
wag done quicker and we had the informa-
tion available to us previcusly. It is
Just awfully nice to know that you are

not going to hit your friends out there,

COMFBEMIIAL—
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MeDIVITT 32. Targeting PGNCS and AGS for CSI and
CDH: We targeted the CS5I maneuver for
the first apsidal crossing and went on
through here. Rusty decided to call the
ground for an affirmation of the first ap-
sidal crossing. We had never used anything
except a first apeidal crossing in any of
cur simulations and hadn't expected any-
thing here. Unfortunately, the ground
called back and said to use the second
one, which we did later on; but we got
the wrong sclution. We changed it back
to the first apsidal crossing and got the
correct solution. This made it a little
tight right at the CSI burn. At the
appropriate times, we copied the range
rate for our charts and did our marks.
Then, we were going to do a rendezvous
radar check when we got to a range greater
than 50.8 miles.

33. Preparation for staging and CSI:
We had 37 minutes between the insertion
burn and the CSI burn. When we got to

the rendezvous radar check which was

COMHBENT
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MeDIVITT supposed to tell us that we had a cycle
slip and a few other things, we decided
to delete that part because of the limited
amount of time and just continued taking
rendezvous radar marks through this period.
Rusty points out that somewhere along here
we missed the recycle after L4 marks and
reinitialization of the W-matrix. It
apparently was at the time period of about
28 minutes when we were supposed to do that,
This was caught by the ground and they
reminded us of it. They took good care
of us throughout our entire rendezvous.
T think we proceeded to the lh-minute
mark without any problem and certainly in
a Tairly nominal conditicn. The radar was
working; the rest of the spacecraft was
working properly. When we hit the final
COMP at 1k minutes with the second apsidal
crossing, we received an answer that was
approximately 85 or 90 ft/sec, which we
knew to be almest 2 times larger than what
we wanted. We went back and put the first

apsidal crossing in and got the right

i -~
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answer out wnich compared very closely
with the ground sclution. In a case like
this, if thne first apsidal crossing hadn't
solved our problem, we would have called
P20 and loaded it with the ground solution;
and then, we would have done the CS5I burn.
Because we were going tc stage onithis
particular burn, we had to do some extra
reconfiguration of the cabin to provide

ourselves with the proper amount of O2 to

breath in case we depressurized the space-

craft due to some staging problem. We
also had to transfer to those systems
that had their expendables located in the
ascent stage. We also made an effort to
deadface the electrical connections that
ran to the descent stage so that we
couldn't possibly get any shorts from a
hot wire. When we finally put the first
apsidal crossing in, our sclution com-
vared guite favorabkly with the ground.
Or.ce again, the decision as to whether to
goa with the ground or the onbeoard sclution

was an eagy one.
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The first soclution to the CEI burn follow-
ing insertion came out to be minus

Lo.2 ft/sec with a DELTA-H of §9.9, which
locked guite close to nominal. As Jim
mentioned, this occurred slightly late

on a ground reminder. We neglected to
nit it at 4 marks. I pelieve that we
actually got cur reinitialization done

and the recyclie done at 7 marks. It was
after this time that I asked the ground
for their recommendation on apsidal cross-
ing, primarily because I knew that the
orbital parameters of the C5SM were fairly
different from what we had been sinmuwlating.
I was not at all sure that the first ap-
sida’l crossing was the proper one. Prior
to running the final COMFP cut of the PGIE,
I had targeted the AGS with the proper
times. I had input the second apsidal
crossing to the AGS and had geotten a
solutlcon which read con the order of

85 ft/sec. At that time, I considered

the LGS to e NO-GO based on getting a

SSORLEIENTIAL
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this type of behavior. I can't say ex~
actly like it, but we had seen illegiti-
mate solutions from the AGS in simulations.
At that time with no time to troubleshoot,
I agsumed this to be the case here. How-
ever, on hitting the final COMP at 14 min-
utes for the PGNS, interestingly enough,
we got the same answer. Then, the AGS
came in as sort of a back door system in
clueing us that we had a systematic prob-
lem which gave us the same wrong answver
with both systems. This encouraged us

to go on to the first apsidal crossing.
However, this now had cut into our normal
timeline because we had already gotten

the final solution and prevented me from
completing the chart solution. The first
apsidal crossing gave us a DELTA-H of

9.8 miles and a TPI slip of plus 3 minutes
54 seconds. The horizontal component for
the CSI burn was minus 40.0 ft/sec. This
compared quite favorably with the ground

sclution, which was minus 39.3 ft/sec. Upon
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working out the chart data postflight from
the data taken infligat, the chart solution
to that burn was minus L0.7 ft/sec. The
reconfiguration of the ECS3 and the EPS
prior to staging went uas expected., There
were no oig drops in the bus voltages due
to switching to the ascent batteries. As

I recall, they were reading 28.4 or S volts
following ihe dead facing of the descent
batts.

The C3T maneuver is normally performed
local horizontal, with the minus X-axis
pointirng in the posigrade directicn. We
were Tacing the sky, which was not much

cf an attitude reference. We maneuvered

there from a position sg that we were
iooking at the surface of the earth in
local horizontal position and then pitch
up about 90 degrees. We could tell that
we were roughly in the right attitude.
As T mentioned earlicr, we compared the
AGS, the PGES, and the orbit rate infor-
mation to make sure that we were in the

right attitude. The C5I burn was to be
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an RC8 burn with staging shortly after

we began the thrusting; it was to be

4 jet translation. We maneuvered to the
burn attitude by using PGNS AUTO maneuver.
Again, it was a good control system. We
got there without an excess amount of
thrusting, held in the right attitude,

and configured the spacecraft for staging.
At T minus zero, I began the plus X trans-

lation.

3k, Staging and CSI burn: When I had
verified that the spacecraft was control-
ling in the AUTO mode and that we were
definitely getting thrust, I hit the
stage fire switch. We staged in a cloud
of debris and a big bang. We could see
the debris being 1it up by the thrusters,
and it seemed to float all arcund the
spacecraft. It did not perturb the space-
craft attitude excessively. I continued
to thrust; and when I had assured myself
that the spacecraft was indeed under con-

trol and that we could continue thrusting

EONHDENTIAT ~
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a5 we were, 1 called for the APS inter-
connects to be open sco that we could use
AP5 Iiel. These were open, and we did
most of the thrusting — using the ascent
propulsion system fuel rather than the RCS
fuel. At & velceity to go of approximately
9 ft/sec, they were closed; and we were
configured to the nominal RCE configura-
tion. We burned the residuals to essen-
tially zero without any problem at zll;
and during this period of time, we called
the burn to the command module to let them
know that we were accomplishing it as pro-
gramned. There wags some RCS activity in
addizicen to the translating activity, but

I didn't feel it was cxcessive. One would

always expect some because there are per-
turbing forces, but it seemed like a rea-
sona>ly nominal RCS plus X maneuver. 1
should add that we were locking at the
black sxky, and it was pretty black every-
where. Yet, I found that the RCS activity,
which seemed to create a much orighter

flash around the spacecraft than anything
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else, was not in any way blinding. We
did not have to configure the interior
lighting to any particular mode; we Just
had it the way we had been using it at
night. It certainly was not optimized
for viewing out the window, but every-
thing was not full bright, and it seemed
to work pretty well. During the burn,
the ascent interconnect worked as expected
with the exception of the closing of the
ascent feeds at the end of the burn. At
this point, there was sone momentary
heart failure when I closed the ascent
feed because the number 2 talkback in
system A remained gray. I hit the switch
a couple of times before recalling that
there was a sticky talkback in that loca-
tion; When I rapped the panel, it went
back to barber pole.

On those talkbacks, when any of the
switches asscciated with the talkbacks on
the parker valves is activated, the talk-
back goes to a gray condition regardless

of whether the valve 1s opened or closed.

CQNEIDEMNFAL =



McDIVITT Thus, if a valve is closed and the talkback
is gray and one positions the switch to a
closed positicon to ensure that it is
closed, the talkback will nonetheless
display gray while the switch is out of
the neutral position. This characteris-
tic is something which future flights
should be aware of to keep from misinter-
préting the display.

Following the burn, and the bvurning of the
residuals to zero in the PGHS, the AGS 500,
501, and 502 read plus 10 and plus

1 ft/sec,

After C8I, we again had to lock the radar
onto the command medule, and I was unable
to see him at this time. When we were
out at a range of about 85 miles, I could
no longér see the light, I did not try
to dark adapt or anything as exctic as
that. I had noted the AGC reading prior
to bresking lock for the C3I. It was
running about 2,2, Then, I went back and
did a lock-on. We put in the VERRE 95,

which prevented updeting of the PGHNS. I
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checked the AGC. It was reading 2.19 at

a range of 85 miles, which is above the
AGC signal strength that I had on the
card. I was assured that I had the right
target locked on. We allowed the radar
updates to continue and proceeded on
through to CDH. Shortly after this, the
CMP called and said he didn't see us in
his telescope. We started checking to

see if we had a tracking light. We looked
at the quad, which had been lighted by

the flashing of the tracking light earlier,
and did not see any flashing light off of
it. We considered the possibility that
the light we had seen on the quads had
been a reflection from something that had
been on the descent stage. DBecause we had
alreﬁdy Jettisoned the descent stage, we
thought, or maybe I should say hoped, that
the tracking light was operating and was
not just reflecting on the quads. Subse-
quent to this, we found out that the
tracking light was indeed not working and

had apparently failed at staging. With
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our lock--on, we proceeded through the
checklist as we were supposed to and
picked up the range rate for the charts.
36. Preparation for CDH burn: We had

a little trouble establishing the time
for CDH with the ground. We had a little
communicetions problem that we'll let
Rusty discuss here in a minute. We did
get these range rateg out, and as we went
through the maximum range of approximately
98 nautical miles, my AGC was reading
2.17 on the radar. With the ascent stage
only, the pulse mode was still a very
effective mode. It gave a little snappier
response than it did when the descent
stage wag hooked on. It compared quite
favorably with the response of the simu-
lators, ﬁut at this point, I began to
notice even more the lack of fidelity in
the rate needles that we had onboard.
Zarlier when the pulse input was causing
a lesser DELTA rate change, I could watch
the needles and see how the spacecraft

was actually behaving. If I saw the thing
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deviating, I had plenty of time to stop
it. With the higher rate changes per pulse
without the descent stage, I really got so
that I nad a stronger and stronger desire
for a set of accurate rate needles. 1
finally had to give up slmost completely
on the rate needles. I went to the radar
error needles and upon watching the rate
with which they changed, I used them as

my rate indicators. T Just almost com;
pletely forgot about the rate needles as
displayed on the FDAI. It's unfortunate
that they weren't more sensitive and more
accurate, because we did a lot of pulsing
back and forth across the correct attitude
trying to get these needles to stop when
we could have used the rates; and with
that.information, we probably could have
stopped it a little better. As we
approached the CDH maneuver, we again had
very good agreement between the onboard
solution and the ground solution. As
throughout the previous portion of the

mission, it was easy to decide which one

“EONHBENT AL
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MeDIVITT to use, that is, to use the onboard gsolu-
tion and go with its answer.

SCHWEICKART Immediately following the insertion burn
and during the AUTO maneuver f{or the ini-
tiation of P20 tracking, VERB 06 HOUN 21
wa.s called to obtain the PGHNS burn time
for the CDH burn maneuver and PGNS igni-
tion time for the CDH maneuver. This
turned out to be 96:56:29, which we then
biased upward 1 minute 45 seconds to
G6:58:14 for the actual TIG. This was
passed to the ground; however, due to our
normal COMM problems over Tananarive, we
had no success in getting this word to
the ground. This was later passed down
on Tirst contact at Carnarvon. The recycle
after 4 marks gave us & 10,1-mile DELTA-H
and a DELTA—T TPI slip of minus 3 minutes
56 seconds, which corresponded very, very
well with the 4 minute TPI bias which we
had put in during the C8I program. I
might mention that the normal ''PI bias was

3 minutes on TPI, but due to the trajec-

tory that we were in, the ground recom-
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SCHWEICKART mended using 4% minutes. This worked out
very well indeed. On the final solution
at 1l minutes, the DELTA-H came to 10.0
(right on the money)}, the DELTA-T TPI
slip was minus 3 minutes 30 seconds, and
the NOUN 81 came out at minus 39.2 plus
0.1 and minus 13.7. This compared with
an onboard chart sclution of minus 39.5
for X and minus 14.5 for %, or less than
1 ft/sec difference all the way around.
The ground also compared at this point
with a minus 38.1 and a minus 15.3.
Interestingly enough, for this burn, the
AGS solution came out to be minus 40 ft/
sec in X and minus 14 ft/sec in Z; so we
had 4 independent solutions all within
1 ft/sec of each other.

MeDIVITT CDH Qas obviously to be done with the
ascent propulsion system. We did an auto-
matic maneuver to the attitude. Once again
the DAP proved tc ke a fine attitude con-
trol system. There was no excessive jet
firings which was of some concern to me.

T wasn't sure with the lighter weight

OB ENT AR e
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vehicle just how these autopilots would

perform, but they were very, very good.

37. CDH burn and parameters: We maneu-
vered to the attitude and again checked
the attitudes as I mentioned earlier. At
minus 3.5 seconds, we got AUTO ullage,

The burn sterted. It was Just & hig Jolt
— g very short burn of 4 seconds. It was
almost impossible to see whether or not it
steered. It was a big jolt, a little
noise, and a shutdown. The whole thing
was over before we really had a chance to
evaluate the steering. The noige wasn't
enough to cause any concern. We could
almost feel it more than we could hear it.

It was certainly of no concern to the

pilots as far as being able to communi-
cate with each other or to hear informa-
tion from the ground. I guess I should
say that the dynamics were practically

nenexisteat in this short burn. We used

a h-jet ullage for the burn,

The residusls at the end of the CDH burn

were minus 2.4, plus 0.8, and plus 0.1,
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These were hurned to 0, and the 500, 501,

and 502 read minus 1, plus 1, and Q.

38. Operation of PGNCS and AGS: I'd like
to review the control systems asgain., I
felt that the pulse modes, both PGNCE and
AGS, were very good modes. We used them
predominantly through the orbit periods,
the nonthrusting periods. The DAP opera-
tion was smooth with no overshoot. It
appeared to be a very fine control sys-
tem, both for attitude holding, automatic
maneuvers, and manually commanded RATE
COMMAND. The AGS appeared to attitude-
hold properly, and I felt that the RATE
COMMARD just had too much authority and
could not be used without overcontrol.
During our coasting phases between burns,
I noticed no tendency of the LM to trim
to any particular attitude, and there
didn't appear to be any drag or any exter-
nal effects influencing our attitude.

Wnen we put it some place, it stayed there.
T think that the rate needles in the LM

certainly need improving. I think that
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we could have saved a considerable amount
of fuel if we had just known what our
rates were. I doubt seriocusly if we ever
get them to be comparable tc the l-deg/
sec rate read-cut that we have in the
command module with its accurate gyros;
but if we could, it would certainly be a

worthwhile effort.

38. Operation of RR, AGS, and PGNS for
TPI: After the CSI maneuver, the P76 with
the IM DELTA-V's, and the time bias for
the burn time, P20 maneuvered the Gumdrop
to what was supposed to have been a pre-
ferred tracking axis. There was no light
vigible in the sextant. This could have
been due to several reasons, one of which
could have been an improper P76. I checked
the regiéters, and the P76 had been loaded
properly. I called the 1M to check on the
1ight. They no longer =aw any flash off
their gquads; but we still could not be

certain, so I left P20 running to maintain
preferred tracking axis pointed at the IM

for the radar. Because C5I had been per-
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SCOTT formed shortly after sunset, the entire
tracking period prior to CDH was in dark-
ness. I could, therefore, expect no oppor-
tunities to take any marks prior to CDH.
A compariscon of range and range rate at
the horizontal crossing with the LM was
very good, indicating that the state wvec-
tor was still being carried fairly well
in the command module. I had about
96.63 miles, and the LM called 98 miles.
I ran a number of checks through the sys-
tems, and everything seemed to be running
well except the IM light. I spent some
time deciding what to do in case I could
not see the LM at daylight after the CDH
burn. I guess the only sclution would
have been to pick up 2 more state vectors
from fhe ground, which we had done in
simulations; so I knew they were prepared
to support that type of cperaticon. I
followed the normal preCDH procedures and
targeted the CSM with the mirror image
burn 1 minute after the IM burn, adding

the DELTA-V bias that we had calculated

SQMEDENTIAL e
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preflight. After the CDH burn I took the
compenents that the LM had burned and
entered them intc a P76 per normal pro-
cedure.

In the postCDH procedures, I checked the
rendezvous radar to see what my range

rate was. The range rate Just postCDH

was reading 107 ft/sec., As we went across
the bottom of our track, apprecaching TFI,
the range rate stayed at 107 for a long
time and very gradually dropped off to
about 105 shortly before TPI, which indi-
cated that we were almost perfectly coelip-
tic. We did the rendezvous radar lock-on.
Once again, we were unable to do it visu-
ally, we had to do it with the AGC read-
ings that I mentioned earlier. They
proved tﬁ be adequate, and I had gresat
confidence that we were indeed locked on
the main lobe when we allowed the radar

te start updating the computer state vec-
tor. We did our recycle at the right time
and had a falirly long period of time

across the bottom between CDH and TPI.
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It gave us plenty of time to take marks
and to update the AGS through the rendez-
vous radar, which we d4id at interwvals.

We had a pretty good feeling that the AGS
had gll the good information from the
radar. As we came back in, I checked the
AGC signal strength again, and at 52 miles,
I read 2.39. On the way out at b5 miles,
I read 2.40; so I once again felt that

the radar had not degraded because it was
reading approximately the same at the same
ranges. We were plotting our relative
position on a polar plot beginning at
about 45 miles and found that we were very
close to the nominal line. We were get-
ting golutions from the CMP, who was able
to see us again once we passed into the
daylight. Also, we were getting solutions
from the ground, and we had cur own solu-
tions. We got the ground solutions well
in advance of the TPI time. They called
us back later and told us they weren't
going te give us an updated one. The one

we had was fine. All of the solutions

CONFPENTAL - -
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converged until they were practically on
top of each other. I think this was the
easiest decision of all to make, because
there was practically no difference be-

tween any of the solutions.

32, Operation of PGNCS and AGS for TPI:
Léoking back over the rendezvous, I
think that the only item worthy of com-
ment at this point (rather than in the
systems debriefing) is that the AGS per-
formance, as compared with the simula-
tions in the LMB, was a bit of a surprise
in that the solutions te C3I, CDH, and
TPI were not as definitive as one would
be led to believe through the fraining.
The LMS tends to give a positive response
tc these programs or these computations;

whereas, in actual flight, the AGS solu-

and the scluticon you get for a hurn is
highly dependent upon what you decide is
the average of all those readings. In a
burn where the solution is 40 fi/sec, the
total excursions might go from 36 to

L3 ft/sec, depending upon when you look at

the data. I think that this is something

COMRIDENFA—
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which ought to be modified in the simula-

tors so tnat this behavier is expected,

38. Targeting PGNCS and AGB for TPI:

The +ime of the TFI burn in the three
solutions that we ran, after four marks
and just before the W-matrix reinitiali-
zation were as follows: we ended up with
97:57:56 after the reinitialization, after
10 more marks, we had 97:57:33; at

16 marks, we had 97:57:41; and the final
solution gave us 97:57:59. This compared
with a nominal TPI time of 97:56:23, well
within the limits that had bcen set pre-
flight. The final NOUN 81 components were
plus 19.4, plus 0.04 and minus 9.7; or
forward 21.7, right 0.5, and down 0.3.
This compared with a chart solution of
forward 20 and down 1, so the chart alsc
came out very close to the PGNS scolution.
Oar final time out of the PGNS of 9T:57:59
compared very favorably with the CSM solu-
tion of 97:58:08, a difference of only

9 geconds. The updating of the rendez-

vous radar into the AGS was physically a

CONMDEMHALE— .o
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relatively easy task to do. I thought
that it was slightly easicr than it ap-
peared to be in the simulations; however,
the apparent effect of the updates in the
real AGS did not appear to have the same
power that was demonstrated with the radar
updating in the LMS. The renge and range
rate did come in to what was displayed on
the range and range rate tape; however,
the AGS state vector began to degrade more
repidly than what occurred in the LMS.,

The final soluticon out of the AGS, after

2 series of radar inputs, was an elevation
angle at TPI time of 23.46 degrees, a
DELTA-V at TPI of 20 ft/sec {(which was al-
right), and a total TPI plus TPF of 49 ft/
sec. The DELTA-V, therefore, compared
very well with the PGNS; however, the an-

gle disagreed by 4 degrees at that TPL

time. In support of the TPI burn, the
AGE was loaded with external DELTA-V in-
puts; but 4Ok, LOS, and 406 were also run
to 0. BRecause we burned along the Z-axis,

rather than called the 500, 501, and 502
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displays, 472 was used to support the

PGHNS burn.

4o, Preparation for TPI and TPI burn
performance: TPI was tc be an RCS maneu-~

ver. We had procedures for both plus X

- and plus Z thrusting. Plus X thrusting

procedures would be used if we were run-
ning low on fuel. We had plenty of fuel,
so I elected to do the thrusting in a
plus-7Z direction, which meant that we did
not do an automatic maneuver., We were
already at the burn attitude, so we just
went to ATTITUDE HOLD —- PGNS ATTITUDE
HOLD, VERB 7T7. I maneuvered so as to
center the radar needles to be in the
proper attitude. As we were doing this,
we had the only anomaly that I noticed
on the rendezvous radar all day long. We
were st the right attitude. I hadn't
changed it for quite some time. I was
watching the AGC signal strength when,
all of a sudden, it started dropping.

It dropped from about 2.6 down to 1.6.

My first impression was that the command

SOMNEDEMNHAL—"
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module was maneuvering, and we were not
going to have the kind of transponder
performance that we wanted. Then, it
dawned on me thal he wasn't maneuvering
that much, because he was going to be
peinting the X-axis at us; and he prob-
ably had been pointing fairly close to
that anyway. We stayed in the TPI atti-
tude for some time. The rendezvous radar
signal strength tegan to increage again
slowly. It graduslly went back up to
about 2.5 or 2.6, to whatever it hed been
pricr to this incident. I have no ex-
planation for this whatscever. We were
not maneuvering, and 1 doubt seriously
that the command module wags maneuvering
through any gross attitude at this time,
This phénomena began sometime between

about 6 or 7 minutes prior to TPIL, it

dropped down to a low of 1.6 around U or
5> minutes prior to TPI, then it climbed
back up slowly after that. 1In some dis-~
cussions we've just had, we digcovered

that the command module was not maneuver-
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MeDIVITT ing until after TPL minus 5, so I doubt
seriously that this had any effect. As
I mentioned, the burn was performed in
PGNS ATTITUDE HOLD, VERB T7. We waited
until we got the flashing 1685 and then
burned the components to 0 without any
problem. It is interesting that when
burning in the three axes, as we did,
that burning up and down with respect to
the man does not affect them or did not
affect me. Burning fore and aft did not
affect me, or my positioning within the
spaceeraft. But when burning left and
right, I had a sensation of a moving
within the spacecraft. I didn't feel as
firmly fixed in the left-right position
as I did in the other two. It was a
nomiﬁal RC8 burn.

42, PostTPI systems status: Because we
had done the TPL burn in the plus Z direc-
tion, we did not have to search for and
find the target and then lock the radar
on it because it remained locked on

throughout this time. We did have to

OO B il
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call P20, reinitialize the W-matrix, and
start through. We got our radar data for
our charts at S5 and 8 minutes. We hit
the final COMP at T minutes to perform

a maneuver at 10 minutes. All went ex-
actly as planned. We did the thrusting
at 10 minutes, keeping the Z-axis pointed
at the command module; it was a 1little
aft. We then reinitialized the W-matrix,

called P35 the way we wanted, and copled
the data for the charts at 17 and 20 min-
utes as normally planned. We d4id the
proceed for the final computasion at

19 minutes for a 22-minute burn. We
burned a little forward at this time. We
left the radar locked on, got in a little
bit closer, went to P00, called VERB 62,
st0pped.updating the state vector with
the radar, cross referenced the tape
meters with the VERB 62, rendezvous radar
self-test data, and came on in using that,
In the meantime, I called program 47 to
getyithe thrusting informaticn into the

state wvector.
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4k, RCS midcourse corrections: The

PGNS solutions tc the first midcourse
correction were as follows: NOUN 81 was
minus 2.0, minus C.3, and plus 0.9 which
amounted to an aft 1.4, left 0.4, and

up 0.1. The chart scluticon there came

cut aft 6, and a zero up/down, so we

were L-1/2 ft/see differert from the
chart. Or the second midcourse, NOUK 81
was plus C.2, mirus 0.9, and minus 1.8
walch converted to a forward 1.8, left 0.9,
and the chart came up with a forward I ft/
gec. Following the secornd midecurse, the
cameras were set up again in the IM to re-
cord the final braking and station keep-
ing. The VERB 62 self test of the radar
was called, and dispiays agreed very well
with the tape all the way in. Following
the final braking and station zeeping and
return to POO, VERE 823 was called and
agreed very well with the setual condi-
tions. I believe that the velccity was

less than 5 ft/sec, and it was sometime

ol Pt ot
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SCHAWETCKART i
that we called it. 1 believe that the
range was cut to a4 mile or 7 mlles at
that point.

MCDIVTTT §5. Rendezvous: I alsoc would likxe to

comment on the restrainl system in the
LM. I nad the feeling that thc restraint
system was trying to pull me into the
forwara Telft-nand corrner of Lthe LM, and
becauase of this, I spent most of my tire
leaning to my right and teo the rear. I
sort of felt that when we were in a level
attitude, the front leof{s corner cf the

LM was pitched down abproximately 30 de-
grees, I felt as 1f T were standing on

a hiil the whole time. T believe that
tae reslrsint system is optimized to
provide a restraint for lookling tarougn
the window during the landing panase. Th-
vicusly, it can't be optimized fer land-
irg and for crvii cperslicns at the same
time. It wasn't impossible to work with
it. Tt's Jjust a comment on what il tends

To do to a crowman.
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The operation of the right-hand side of
the vehicle, with respect to charts and
graphs and handling of those during the
rendezvous was that operation with the
gloves and the helmet on was a difficult
thing at best. T found that I could not
plot points with any degree of accuracy on
the polar plot or on any of the mid-

course charts without removing a glove.

I ran most of the flight, with the ex-
ception of the burns, with both gloves
off. However, I did leave the helmet
on rather than continually put it on
and remove it for the burns. The re-
straint system affected me the way it
affected Jim. It did tend to pull me
forward and to the right-hand side of
the éockpit. I did not feel this was
overly objectionable, but a reducticn
of the forces on the restraint system
would seem to me to be highly desir-
able. Tor a large part of my operua-
tion on the right side, 1 tended to

lean back against the Z27 bulkhead and
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then forward sc that I could operate

on the data table. The restraint system
did not interfere with this maneuver to
any large extent. Orne other item taat I
think is worthy of mention here, as well
as in the discussion of systems, is that
the window neaters on the IM were consid-
erably overdesigned to tihe point that one

became uncemfortable if he got his helmet

cr nead toc clese to the window, The hesat
radiating off the windcws was very strong.
On the rendezvous day, we reguesited T

angd received from MSFN approval to open
the heater circuit breakers to keep this
heat source from bothering us. I have a
feeling that the temperature of the win-
dows might have =ffected the item that Jim
mentionéd earlier on tine window shades —
where they did not terd to roll up in the
small curl that they exhibited zriocr to
flight when they were taken off the win-
dows. There is no gquesticn that the heat
definitely affected the window shades.

They tended to be wrinkled a bit, and at
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SCHWET CKART some poinls during tne flight, with the
Nelmets of £, you could actually smell the
window shades because of the aigh temper-
ature that they reached wnen they were
rollied up with the window keaters on., Dur-
ing Lhe rendezvous, tnere were several
tires when, tc sec, work wila, and nandle
the data properly, I had to roll up the
window shade on She right-hand side to
keep the sun and tke very brignt earth
from interfering.

MeDIVIT LT. Formsszicr flying; attitude control:
whern trne commsnd module broke cat into
the sunlight, it sppeared as a little
white silver Blob and thea sost of feormed
a crescent shape. UCho sun was shining
from my right, and I could sese the right
side ¢! the spacecraft first. As I got
in cleser, e zort of crescoent becare
large~ ard Targer until 1 could see the
cormard module very well at anproxirately
1500 feet. We hzd no trouble stcpping.
We

ust coasted right up in front ard

stopped at zbout 25 or 30 feet; and at the

S
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MeDIVITT time, wo bad something like 60 percent

fuel remaining,

48, PBraring: We arrived at 6000 feet
at just about 30 ft/sec, and this was
our first braxing gs=te. Ho braking was
-hecded. We coasted right on through.
At 300C reet, we braeked to 20 ft/aeec,
and T felt that 1+ took just a Llittle
bit longer Lo take out the De ta-V in
actuzl practice than it did ir the sim-
diator,  We thon braxed tec 10 ft/sec st
1500 feet =nd 5 ft/sec at 500 feet.
5i. Doexing: While we have demonstrated
that you carn dock with the LM as the ac-
tive wvericlie, which was one cf the IJTQ's
that we were supposea tc accomplish 1n
this particular missicn, I personally
recommend that all the dockings be per-
fermed command modute active because of
the puck belter visibiliity and the much
boster target thnal the command module
haz and because of the sort of standard
cenfiguration where you are thrusting in

the directlon in whichk you are locking and
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MeDIVITT where you don't have tco make a coordinate
trensformation before you hit the con-
trol handle everytime. I think that we
have demonstrated a backur system nere,
and I personally feel that in the future
2ll the docikings ocught to be command moda-
uic active and the LK used oniy as a last
diteh xind of thing., In the lurar orbit
mede that we were supposed to be demon-
strating, I think that when the commana
module has accomplished the docking, nas
the probe Inside the drogue, and there
nas to pe scme thrusting, he can call
thrust and have the LM do the thrust ma-
ncuvering and let that be its part of
the deecxing maneuver.

SCHWEICKART 53. Tunnel operaticns: After the dock-
irg, Lhe tunnel was clieared out 1in a nomi-
nal marner., Affter the couch was reinstallied
ard on first inspecticn of the probe, the
extend latch indicator was out, whien in-
dicated that the extend latch had not (the
hook had not) completely hocked onto the

roller on the probe piston. It required

e ptebDblb ke
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about four strokes of the preload handle
to get the extend latch to engage com-
pletely. In removing tne drogue, there
were no additional marks apparent causcd
by the docking. The docking ring angle
was minus 0.2 degree. All the latches aad
mated properly and were campletely cngaged.
55. LM clesegut and AFS intercornect: In
preparation for the transfer, all the LM
data were transferred inte the ISA. The
PLES LiCH cartridge was transferred into
its container and thken into the commana
medule. The 0OPS's were stowed on the
floor as planned. The probe and drogue
were stowed on the right-hand side, also
as planned. The PLSS was stowed against
trne commandor's side of the cockpit. How-
ever, rather than lying at an angle against
the side wall, it was laying flat on the
flcor cn the left-nand side to make room
for a bag of garbage which was transfcrrod
to the temporary stowage bag from the com-
mand module. This was placed directly on

top of the PLSS on the left-hand side. The

O



SCHWEICKART two helmet bags were stowed as far forward
as possible, one to the left and one to the
rignt of the OF3 peliet. AlL of the planned
transfer items were transferred from the LM
to the C5M as planred. In the final LM
switeh clozeout for jettison, ancther
crnange was made to the effecet that the
system 4 KCS was left cn the line, Nor-
ra’ly, as opposed tc running the iantercon-
nect corn system 4, the Interconncet with the
asecent fuel was run only con system B. The
mancuver to the final attitude for ejection
was dence in the LM again by using the ACA
for yaw control and the TICA for pitch
and relZ. This proved to be no particu-
lar problem as far as maneuvering was ccon-
cerned.  When we arvived at the LM atititude
fer the burn, the CEM was informed and took
cver attitude holdirg at that point in nsr-
row deadbard. The LGC was configured to
wide deadband AUTITUDZ HOLD. At this time,
the AGG was updated, aligned, and put inlc
configuraticn tc support the APS burn %o

completion. Durirg the docked alignment,

Lol Pt middavbdame
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b yiet

the second star that was seleclted was oe-
cluded by the earth before we werc anle
to take mark=s on i%, and a third star had
to be selected mark cor. Unfortunavely,
the way the alignment prograrm is set up,
there was no way to get the mcede 2 crror
needles for this star. As a resuli, there
was no assistance for tne mancuvering
other than calling for piteh up/dowrn or
vaw left/right by the commander who was
locking through the ACT. This did make
attitude contrcl more difficult during
that alignment, After the finasl switch
closcout, the upper hatch was closed on
tine WV, and I reentered the command mod-
ule in preparation for the LM jetiison.
56. Preparation for LM jettison and LMK
jettisoﬁ: In preparaticn for the AGE
burn itc depletion, we received from the
greund a P32 undate which was inscrted.
Prigr to pressing on with the checklist,
we did a docked aslignment, active from the

1M side. For this alignment, we used LM

gttitude control for yaw. For pitch and
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roll control, we used the horizontal

thrusters with the TTCA to keep from fir-
ing the vertical thrusters toward the CSM.
This made the rates of the vehicle during
alignment a bit higher than was experi-
enced using pulse mode with the LM alone,
However, the star angle difference came
out to be all zeros again, and the torqu-
ing angles hopefully are recorded on a
tape somewhere. I don't happen to have
them here now, but as I recall they are
all quite low. At no time during the
alignments that were performed in the LM
did the radar antemna tend to drift into
the field of view. A special procedure
was sent up from the ground to investigate
the AGS warning light which was on all
through the rendezvous day. That proce-
dure was executed but the light came on
again during activation of the LM AGS.

It was tentatively concluded that the
problem was a caution and warning problem

as opposed to an AGS problem.
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4.6.2 Preparation for SPS Burn 6

SCOTT

For burn 6, we loaded the DAP for the
ullage, probably about 10 minutes before
the burn, and proceeded into the burn.

At 18 seconds prior to initiation of

ullage, we got no thrust.

We did not perform the burn at that time
because of the lack of ullage but did
perform it on the next revolution after

rechecking and reloading the DAP.

We don't understand exactly what happened,
but the numbers were loaded into R2 tao
enable all four gquads, and for some
reagon 1t Just didn't get in. We had
two other occasions in which we suspected
some anomaly with entries into the DAP

or into the DSKY for configuration. One
ocecasion was on the last night when we
powered the DAP down by inserting a zero
in the first digit of register 1 of NOUW
46 for no DAP, and then after the DAP
load of VERB L6 to enable no DAP. Appar-
ently, VERB 46 which was confirmed by all

three of us was not accepted by the DAP,



SCCTT and the DAP continucd Lo run. We were
notified by the ground that it was on
and did another VZIRB L6 which d4id, in

fact, put 1t to sleep.

L.6.2 Preparation for SPS Burn 6 (Hetrograde)

SCOTT | It was a minimur impulse burn of 1.H4-
second and 38.8 ft/sec which was very
close to the mirimum impulse type bura
thaet you would expect during z CSM ren-
dezvous. It was a good sollid boot In
the back, and It was off about as fast
as it came on. The residusls werc rel-
atively small — 2.2 i ¥, minus C.3 in
Y, and minus 0.3 in Z. DELTA—UC wag irn

minus 13.0. as miaus 13.0.

h,o6.4 IMU Realign
SCOIT The aligament on day rumber & wes nominal,
and we vrepared for burn number € which
was a minimum Impulse burrn. At the time,
Wwe were attempting to save propeilant by
utilizing various configurations cof the

SCE and tke JAP. In the process, it was

COPHRlBEp il
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necessary tc reload guads and the DAD
for ATTITUDZ HOLD in maneuvering and aif-

ferent quad configuratiors for wllage.

L.©.& Eigh Gain Antenna Tracking

SCOTT

Another apparent anomaly occured after the
conclusion of the tracking of the ascent
stage in the last day. The P20 that was

used TG track the zscenl stage was Lurned

[1

off with VEE3 56, which snould have
stopnea the W matrix. Approximatery 3
hours Zater, we got a master alarm on the
computer wnica turned cut to be a W matrix
overflcw and indicated that W matrix head
been running for the wnole time or since
we had conciuded the tracking. Another
VuEB 56 turned the W matrix cff, and we

kad no further problem with it that nigat.

L.6.6 High Gain Antenna Tracking

SCRWEICKART

The CSM high galn antennz test was run
at approximately 193 hours into the
mission and was modifled guite extensively

from what we had in the procedures hook.

f VIV ST
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AP We were to establish = P2 mode of attitude

ol

BUEREN
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control prior “o coming up on Carnarvor
A0%: the high galn anteonna was to e
awitohesd on, manaatly slewed to a nisen
9% minus L5 snd & yaw of viug 90, and
shen placed in the reacguire mode.  The
voehuvior of Lne antoerna was toe be ob-
served al Carnarvon J08 and aguin as

Y

Hawali A00 znd 203, We were supposced

Lo nuserve Lhe Signs

strength and, more

perticularly, the vehavior of the antenns

sards the rescguisition mode.  We

gol started late in sctiing ap she PIC,
snd a5 & resul i, we were woll into Sne
Jarcarvon pass by the time we had cvery-
Laing contlpursd. This apparontiy did

et ei'fect The test in arny way as thoro
Wi oo choervaticon to e rmade at Carnarvon
A05 0 Wher we Tlrat locked on al Carmarvon
afteor naving things scet Jp,.the antenru
slowel from the BVHACG asngles To a yaw of

A
)

anproxicately 60 znd g pliten of mipus 60.

b2

d over Carnarvon and proceeses

v
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Elotbubimtiibiioindel. .

with the barbecue mode, those angles
changed very gradually from 3069 o 270 in
yaw and from minus 60 to nlus 30 in piten
with essentially constant vignal strength
well uap cn the upper cnd of the meter.

At Carnarvon LOE, the yaw ungle jumped
from 270 to 235 and the pltch angle from
»lus 30 to plus 45, This happened just
aber the S-band became neisy and the
signal strength dropped down near zero.
snere appeared So boe e londency for ithe
antenna tc return %o the REACY angles
that had been set in. After arriving

at these angles of 235 and pius L5, the
antenrn stayed there wiin ne drift
whatever until we heogan to picxkx ap Hawali.
On the Tirst sign of signal strength at
Hawail, the aniternz appeared to slew right
back to the REACH angles. Howevoer, at
Just atout the time that 1t arrived at
vhe HBACYE angles, there was enoush signal
sTrength, ard it weni right past the

REACQ angles and locked on to Hawaill.
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The antenna tracked Hawaii smoothly until
approximately 1 minute and 15 seconds
prior to tThe predicted Hawaii LOS, at
which time it broke lock on Hawaii and
slewed immediately to the REACQ angles.
Our assumption at the time was that the
reason we broke lock 1 minute and 15 sec-
onds early was because the PTC had taken
us into such an attitude that the space-
craft was between Hawail and the high
gain antenna. I am sure that this can

be verified by the downlink data. In
summary, it appeared to us as though

the antenna worked properly at Hawaii LOS

but not at Carnarvon.

L.6.8 TNeccssity of Additional IMU Alignments

SCOTT

The normal alignments, P51 and P52, were
performed by using the standard checklist.
P51 took an average of approximately 10
minutes, depending on the availability

of stars. Once stars were avallable,

it took little time to identlify two stars

to make the P51. P52 took approximately

SO MRIDENTIAT—<*
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~ Tono i minutes, zgaln dopending on toe

availablilisy of starz. Tf the svacecraft
was in a pousiTtlon Whers stars were avalli-
avle, it took 3 toc 4 mirutes. OJur stand-
ard technique to verify the zlignment

was to procoed on tne fire align check
and either allow autn optiecs to select

a tkird star cr manually te insert a
third star and aave auto coptics drive to

confirm thal the Lalrd suar was, in Tact,

o]

soiecled properily.  bFrior to sach rmajor
mancadver, we perfornoed an attitude cneck
relative to the stars by calling YIZB 16,
qOJA 21, pesitioning She optics manually
cn the TPAD star that azd been passed
from tne ground, and compariang shaft and
trunnicr witn the PAD valuaez. Most of
the time, thness values were within

Coto 3 odegreess. o performed a Phe oy
usirg tne celestial body vecior optlon

on cuplter, and zuto opllics performed as
advertised cnece we got the prever vectors

loaded into the KOUN 38 wvalue. '"he tables

that we carried onboard reguired inter-
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polation to get the proper one-half unit
vectors to load NOUN 88,

It was noted during the process of taking
marks that in using auto optics, NOUN 88
must be lcaded pricr to the auto optics
driving on the mark. GSubsegquent to the
mark, the NOUN 88 values have been writ-
ten over, are no longer available, and
have to be relcoaded. A recommendation

iz that the subsequent programs retain
the HOUN 88 preload prior to the auto
optics in drive.

In marking on the planet, which in this
case was Jupliter, it was noted that
Jupiter filled the inside of the center
of the reticle, which made it slightly
more difficult to position the planet in
the exact center. The star-angle differ-
ence between Jupiter and a star was 0,04,
Mormally, the star-angle differences had
been working out to 0.01 or less. This
could be because of the interpolation of

the unit vectors or the lack of accuracy
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in pogiticning Jupiter in the center of
reticle,

The wvalues for the half-unit vectors used
for Jupiter were minus C.49L2%, minus

0.02730, and plus 0.00310. The GET was
144:16:43.

At approximately 187 hours, we performed
a P5% and PSh by using the COAS to align
the platform. The calibraticn of the
COAS was (rcm the rendevzous day, and
the CJOAS had been removed from the left
window several times. When the COAS was
in the rieht windew, it didn't appear

to be aligned properly. P93 was per-
formed according to the checklist by
using the values 359.7h and 5T7.1€7 for
the COAS calibration. With the use of
stars number 11 and number 12, the star-
angle d4difference was 0.C7. The technigue
was tc position the star relatively close
to the center of the COAS roticle and
allow it to drift through while the right
hand was placed on the inrer button. The

inner button was pressed when the star
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GCOTT was in the center of the reticle, whichk
was & reiatively easy task. P54 was per-
formed according %o the checklist using
stars number 11 and 15. The star-angle
difference was $,03; and the gyro torqu-
ing angles were minuas 0.080, minus 9.13,
and plus 0.183. To evaluate the accuracy
of tne alignment, the platform wzs aligned
Ty using P52 with the sextant. The star-
argle difference there was 0.01; and the
gyro torguing angles were plus 0.073, plus
9.060, and minus 0.08k4, which indicased
that the COAS had done a good job in
aligring the platform. This occurred
gbout L-1/2 minutes after the COAS/P54.

A oquick check was made Lo determine the
drift rates withn a sextant slignment; e
star-angle difference of 0.0l produced
torquing angles of plus €.C03, minus
G.025, and plus $.C02 affter 5 minutes.

To compare the telescope capabilities,

we performed an aligﬁment with the tel-

escope which was concluded sbout 6 min-

s e
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SCCTT abes later and which produced a star-azngle
difference of 0.0%. 7This was primarily
Lecause the sun was coming up and the
second star was Menkent whnich faded at
1bout the time the mark was made. Iz
was difficult to plac~ Yenkent 1n the
center of the telesconse, which wasr't
realiy a falr trial cf thizs telescope;
but the gyro toraning angles wore minas
0,078, 1l G.169, and mirus 0.133. 1
performed ancther ifelescope alignment
approximately 1 hour later after dcing
& 2 of the sextart ard got a star-angle
difference of .02 and gyro torquing
gngies of C.0C0, mirnus C.059, and minus
G.003, Tris was at 188:36:00, which indi-
cates that the telescope does have a good
capability for accurzie alignmernts {prob-
acly better than the COAS as indicated by
the zyro torguing angles). This second
telescope alignment was performed afser
Torguing the platform from a sextant
aligmment to ensure that we had a gocd

platform right at the teginning. A back-

COMROEA LA .
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ap GDC alignment was performed with the
IMJ pewered up to evaluate the procedures
and capability of utilizing the telescope
in a fixeq positiorn to align the GDC; this
cocurred abv 197:L5:00. The SBouta Star set
was used, and the ground had provided sone
I¥l angles for comparison afier the com-
pletior of the CDC slignment sasnd maneuvered
to the 180/180/C =zttitude. The alignment
angles put irtc the attitude set dials
vrio» to the ZDC align were 2L6, 315, and
051. The spacecraft was aligred on the
stars Atria and Acrux, the GDC aligned
button was pushed, =nd then the spscecraft
was maneuvered Lo 130/180/0. Tae follow-
irg valiles were read out of VERR & NOUH

20 on the DSKY to get an IMU comperison:
180.36, »36.10, and 359.78. Had the

SJC alipgn teen perfect, these values
should nave peen 180.4, 237.5, and 000.5,
wiaich indicated that the GOC alignment

was very close. 1t might be noted that
the IMJ and the GIC werc rnot aligned at

this polint since we were Ltilizing a

~CONPDE Tk~



previously defined REFSMMAT in the IMU,
The technigue used to pervorm this align-
ment was somewhat differcnt from the
tichnique described in the checklist

primarily because the coecklist technique

does not utilize the reticle in the

telescope as it was deasigned for backup
aligmments. The checklist calls for a
telescope shaft of 180, trunnion of .5,
and the utilization of the 50-degrec mark
cn the telescope veticle, The telescope
reticle has a point at zero degrees which
is designed to enable the user to place

a star in the center of a small cross at
that point. At the 50-degree point on

the reticle, there is o such mark and no
indicator to provide a vertical alignment
along the vertical reticle line. To use
the small cross at the zero-degree point,
il is necessary to leave the telescope shaft
at zero and move the trunnion to minus 7.5
or 82.% on a DSKY read-out. This not

only takes less time in movement of the
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landmark Tracking
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telescope reticle but also provides a
better point on the reticle to align a
star to. fecause of the drift in the
shaft and trunnion, it was necessary to
have another crewmember maintain the
telescope shaft and trunnicon at the
proper values during the maneuvering of

the spacecraft in GDC align.

To point the 8065 cameras directly vertical
Wwith an orbit rate drive in the spacecraft,
we utilized the piteh orhit rate maneuver
technique as described in the checklist.
The pads that we had set up preflight did
not provide us with the numbers necessary
to lead into the CMC for the ORB rate
drive. Olher than thal, the pad was ade-
quate. Again, the numbers on the charts
that we carried on board had to be Iinter-
nolated for the rate drives that we exper-
lenced in each particular orbit. The load-
ing of the computer went according to the
checklist with no problems, and it was

noted that the ORB rate drive would start



SCATT from 5 to 20 seconds after the ENTER button
was pressed to initiate the drive because
of the nesition of the spacecrafi within
Lhe deadband at the time. The drive was
smooth and very few Jet flrings were ob-
served. The rates could be observed on
the pitch needle and they were exactly
the same as or, as nearly as we could de-
termine, comparable to the wvalues that

were oreset into the DAP.

4.6.9 Landmark l'racking

We performed landmark tracking a numnber

of times. Overall, it vroved to be
successful; however, 1%t was significantly
rore difficult in earth orbit than it wiil
be in lunar orbit, primarly btecause of the
rates at which the spacecraft goes across
the zground. Qur genera’ technigue was

tne yaw roll procedure with P2Z ana several
alterations to P22 to enable it to per-
form in earth orbit. The first comment
might be made con the landmark tracking

update form. We found that, in addition

~SSALEIDENTIAL -
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to the time at which this landmark would
come over the horizon, we needed the time
of closest approach to enable the crewmen
flying the spacecrzft to position ihe

gspacecraft properly fTor the pass over the

site.

We used the standara lu-plare aligrnment for
811 the landmark tracking, even though ihne
spacecraft ended up being pointed per-
vendieular to ihe plane of the orpit.
After we received the pad messages, we
determined whether the landmarks were
going to be to the left of the track or
the right of the track. I'll discuss

cnly one direction., If tne landmark were
going to he to the left of the track, I
would align cone c¢f the balls with the
orbit rate torquing on it, yaw the space-
craft around to the left, and position

the X-axis so that I was just cutside of
the red circle on the FDAT which indicated
gimbal lock. Then I would bank the space-

craft 80 that the telescope woulid be

~CONRPIDENFhAE— -
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looking in the direction in which the

spacecraft was actually traveling. It took

constant looking after the spacecraft
because the spacecraft tended to trim
back into the plane of the orbit, There-
fore, after I had maneuvsred sround into
a pesition where I was pitched down
approximately 20 degrees, I would be
banked to the left approximately 60 degrees.
I would hold the spacecraft in this at-
titude until Dave said that the optics
had tracked up te the horizon and then
started tracking down on the part of the
land mass that he could actually see,

As Dave had mentioned earlier, the PAD
was changed from the initial PAD times,
when we received only the time when the
landmark would appear on the horizon, to
include the time when 1t would be directly
underneath us or when we would have our
peoint of closest approach. I set the
digital event time up so that 1t counted
down to this moment of closest approach

and then called the times to Dave and
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tried to establish a slow roll rate so
that, when we arrived at the time of
closest approach, the spacecraft would be
essentially wing's level pointed directly
out of plane, tc the left and pitched

down approximately 20 degrees. As the
target passed underneath us, I would
continue Lo roll arcund so that we could
track it out the rear. The roll rate

hai to change as the target approached

us when it was out near the horizon. It
was very low, and as it passed underneath
us, it required about 0.6 deg/sec iT we had
the time of closest approach correct and
had maneuvered properly. The time of
closest approach was very critical, and

if we were off by approximately 30 seconds,
50 that I still had the spacecraft rolled
to the left waiting for the time of closest
approach and the target actually passed
underneath us, it required a very high
rate (almost more than 1 deg/sec) to

keep the optics off the stops. It took

a little bit of coordination between the

COMHPENTHAL . ~
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MeDIVITT man in the optics and thne man gulding
the spacecraft to make sure that the roll
rates were such that the oplics drive
modes did not have to be continually
chaznged. It was possiple to make two
landmarks, and I think we could have made
three landmarks across iLhe dayside pass.
It required approximately LG minutes to
db one landmark tracking — approximately
T minmates prior te the time of the Land-
mark and approximately 3 mirutes after the
voint of clogest approach to get set up
Tor the next cne. I did all of these
landmark traczings with only six jets
operating, two for piteh, two for yaw,
and two for roll. Even though I had only
two for rell, T stiill rad plenty of roll
control. T do¢ believe that some cf the
attiftude excursions that occurred in pitch
and yaw were the regult of firing only
one Jet in roll, because as the c.g. moved
pback and forth, we were centributing some

piteh or yaw by firing the roll thrusters.
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I did nct have any trouble at all estab-
lishing the roll rates and maintaining
tne ones that I wanted with only one
thruster firing in each direction. I
used minimum impulse throughout the entire
time. In placing the spacecraft out of
plane, it was necessary for us to pitch
down rather than pitch up because some

of the landmarks were fairly close to
track; bus we did pick up some landmarxks
as far out as 78 miles, I believe. We
were stiil able to handle landmarks
directly underneath us and ocut to a range
of approximately 80 miles by pitehing the
spacecraft down 20 degrees. We never seem-
ed tc have any problem with the Zandmarks
beirng too far out. I think that if they
g0 out at distances greater than that, it
may be necessary to pitch up above the
gimbal-iock peint rather than down below
it,

The program flow worked as advertised

with two exceptions. In one exception,
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we found that we had a 121 alarm which
indicated that the roll rate was too high
in that the ICDU's were allowed only

0.6 deg/sec. We disabled that by going
into erasable and found that the state
vector was not being updated properly
because of the lack of a proper W-matrix,
since the programs had not been set up

to do the landmark tracking preflight.
Therefore, by geing into erasable with the
W-matrix load, we were able to provide
ourseilves with the proper W-matrix to
update based on landmark tracking. The
P22 AUTO opties worked very well; however,
it never seemed to point the optics closer
than approximately 30 miles of the landmark.
Tracking was relatively easy when the space--
craft roil rate was proper. The resolve
medium control mode was used, and the
sextant was used after acquisition with
the telescope. The desirability of having
at least 15 seconds between marks was
difficult to achieve because of the short

duration of the pass where marks could

SSOMRDEMT A .
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te made with a sextant. Kormally, there
wes only 45 seconds to a minute during
which the landmark was properly identified
and marks could be made., Theoreforc, Lo
get five marks on a krewn landmarikx, the
time duration hetween marks will probably
have to be shorter. '"The maps seemed to
work well, except for carth orbit where
wie hign rates ard rupid approach Lo the
target becone & significart facteor. It
i3 avpareni tnat we nceed an acquisition
or run-on map of a larger ground ¢overage
to enable usg to identify points prior te
reaching the landmarik.

Another majer problem Zhroughout the
landmark cxercises was the amount of
cloud cover that we had this time of the
year. dot only was It difficult to
idertify Lhe landmark, ovat sometimes we
Just coulan't find it at all. Tf ine day
Fad been clear, the probability of ldensi-
fying the landmark earlier znd providing

s longer vass would have been much higher;
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end I ar sure that the traczing would have
worked much better. On the first flew
landmark-tracking cxercizes, we still had
the telescope problem; and after switching
out of AUTO optiecs, the tslescope hung up
and the manusl tracking with the telescope
was impossible, although the sextant was
5till availahle and worked all right.
However, it was difficuit to acguire the
Larget, with the small sextant Tield cf
view. The final procedure that the ground
carie up with for evaluating the state
vector updates seemed to work rather well;
and 1%t might be considered for fature use
in cvaluating landmark iracking. The
precedure was to update a good state
vecetor in the LM state vector storage,

to use the old degraded state vector in
tae command module storage and update
that, and then compare the two with the
VER3 83. There were eight separate
landmark exercises during the flight with

a different target for each.
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4.6.15 Performance and Post Burn Paremeters

o COTT 8PS 7 was another nominal type burn. It
was 25 seconds long, which was consider-
ably longer than the 0T. It was a good,
smooth burn with constant acceleration
and nc chugs and with residuals of minus
1.3, plus 1.0, and minus 0.2. DELTA-VC
was minus 17.5. During the pericd for
SPS 6 and 7, we had no further difficulty
with the optics. All the alignments were !

nominal.

One comment which might be made relative
<o both SPS 6 and T is that everything
should be securely tied down in the space-
zraft prior to a burn of this accelera-
tion. The burn feels like a much higher
level than lg because of the previous

zero g state. Also, it is significantly
greater than the docked maneu&ers in
which tne masses are much greater. At
this time, the vehicle weighed about

27 000 pounds.

~COMMHBENTAL -
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L6116 Additional BExperiments or DTO's

SCHWEICKART The 065 experiment worxed very well., The
mounting of the Easselblads was precise
and easy to perform. The eleciric Hassel-
nlads worked in sequence as advertised,
.The onty anomaly incurrci threughout tne
2065 procedures was tkat, on the first run,
“he wlatform aligrment was retrograde be-
aruse of the previous burn ara we had thne
comn” ement of Lne values loaded in the DAP
for tae OR3 rate drive which started driv-
ing the wrong way. lowever, this was cor-
rected on subseguent passes. The exact
times o each victure are recorded ir the
Trocedures »ook under S065.

L.6.76 aAaditional Experimenis or DTO'S

MeDIVITT The ground sent us a zet of pimbal angles
wc fly to at the time of aprpezarance cf the
Pegasus satellite. Thne two times that we
did this, we were able Lo see the otner
satellite go by right on time. Both times
we used the diastemitor in the left-hand
window because it provided an B-power

ragnification. 'The field of wview is only

"COMMBEMLAL -
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about 2 degrees; in each case, the target
went right through the 2-degree circle on
the diastemitor, and we were able to ident-
ify it without any problem at ail. It was
alsc visible through the right-hand window
with the naked eye on Tvoth of these occa-
sions, T thirk that the really significant
thing is that in each case the target was
exzctly where it was supposed tc be and
was going in the direction it was supposed
to be at exactly the time it was supposed
to be there. It gave you a really warm
feeling that everybody knew where every-

bedy was.

At 222 hrcurs, we had the opportunity to
track the ascent stage with the sextant
vased on a state vector update from the
ground. At this time, the ascent stage
wes in an orbit 3742 by 128. The ground
pessed in an initial roll angle for the
spacecraft, and P20 was utilized with an
auntomatic maneuver according to the check-

list ¢ vosition the spacecraf®t in piteh

CONHDENFAE—
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SCHWEICKART and yvaw for initial ascquisition. The
W-matrix as utilized during the rendezvous
was used. The initial rarge and time passed
by the ground for acquisition was approxi-
rately 1000 miles at 222:35:30. The closest
approach was estimated to be 652 miles at
an R dot of 32 ft/sec. The platform was
aligned at 222:19:30, and the spacecraft
wés maneuvered and AUTC ovtics was initiated
shortly thereaftcr. The first sighting
ceceurred at 222:25:5%, approximately 10
rminutes prior to 1000-nautical-mile range.
We have not received the data vet as to
bow far that was. It waes a very small
illuminated dot which appeared occasiocnally
from sboul half the distarce out on the
right-hand line of the sextant reticle.

Tris Tirst sighting was verified by hoth
the CVMF and the CDE. The image 2icd not
remain visivle in the sextant long enoush
to initlate a series of marks until
222:36:40. Al this time, it became clearly
visible as a point scurce of light. Marks

wore rade “or 6 minutes at l-minute inter-

SO
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vals {a total of 6 marks); and at 222:45:40,
the target disappeared as it went below

the horizon. It might be mentioned

that the sextant does have two lines of
sight, and we lock through both of them
simultanecusly. This caused the double
image of clouds, although there was only

a single image ol the target. The target
appeared periodically for several seconds
until 222:51:43, which was the last visual
sighting. HHowever, during this period,

it was not visible long enough to switch

to a manual drive and to take an accurate
mark. The AUTO optics tracked very well
throughout the exercise. The initial
peinting was to within 0.2 degree, and
throughout the exercise, AUTO optics

would point to within 0.2 to 0.3 degree of
the target. The mark incorporation updated
the state vector so that the DAP maneuvered
the spacecraft sharply to a new attitude
and continued a rate drive adequate to

maintain track on the target. These pulses
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were approximately 0.5 deg/sec in rates
and much sharver than any of the P20
maneuvers during the rendezvous, which
were all low rate and very smooth. The
entire exercise was a rather impressive
demonstraticn of the cormputer optics DAP
capability to track a target bhased on
rround-orovided state vecters, and again
it gave us confidenco that everybody knew
where everybody else was. The W-matrix
was checked just to see what its wvalue
was arproximately an hour later at
223:30. At that time, we 4id not know
that it was still running. Eowever, the
values were olus 00328 and plus COO8T.
This size is probably because The W-matrix
apparently had been running from the time

that we terminated the exercise.

Tor reentry, we stowed McDivitt's and
Scett's suits in the L-shaped bag under-
neath the center seat. We didn't put

anything in the top compartment. We took



McDIVITT Schweickart's suit and laid it across the
LEB, right next to the lithium hydroxide
canisters, and tied i1t down {with two of
the helmets inside oi ine suit and one of
the helmets undernesth the legs) with the
PRI cord that we had available. We then
used the sleep restrainer underneath the
right-hand couch for stowing the temporary
sTowage bugs, which were full of garbage.
The rest of the spacecraft was stowed
pretty much as it was during launch. The
lithiurm hydroxide canister from the LM
was in A-1, and the LM data that we
brought back with us were in A-8. We
had filled the first food compartment
{which, I believe, is B-1) with garbage.
The two lefft-hand-side food compartments
were full of loose food that we hadn't
eaten. We took some things out of A-5
(rope, heel restraints, and things like
that) and stowed the tools, the tool kit,
aind some of the odds and ends that we had

left over in A-5. We sort of used it as

SSREDENTAL



Hea¥lTo a last place to put thi:iw., We ended up

with the fligat plan in uhe L-shaped oag

pecause we didn't nave any oitlier place to

tkay, to summarize, the stowage for rao-
entry was nominal exceupt for where we
put the suits, the heimsts, and tae data

bhat we brought back frow the LM.

4.6.21 Systems Verifieastion

CKART Starting with Ei-1, venicle PREF, we

LT
followed $he checklist =11 the way. The
only places that we devialed from 1t were

wniose things which were updated by CAFCOMM

earlier in the zmcrning concerning tae con-

figurstion of the command module rings,
They wanted HING L on MAIN A, RING 2 on
MATE B, ond the A&T roll on MAIK B. The
5P5 heatern ngaging cirnuit breskers
AATLE A zrd B oper because of the proiblem
we had had with the PUS system. There
were a few ..ther relatively minor things

suck as & .i.nge in tie AP but aside

Irom those things, which were cailed up
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=CHWEICKART as updates to the flight plan, we went
through the checklist as advertised.
We initiated the cabiin cold soak, as I
recall, about 3 hours before the decrbit
ignition. Up until that time, we had
been running with the cabin fans off,
and the cabin temperature was indicating
close to 68 or 67. Then we turned the
fan on, and the true cabin temperature
which was indicated Lo be close to T2
or 7T3. As the cold sosk progressed, I

titink just before the deorbit burn, we

were back down arcund 67 or 66 degrees

in the cabin. At that time, it was an
honest temperature. The cnly thing that
surprised us was that, when Jjust prior to
the final preparaticns I locked at the
waste water guantity, it was down to

55 percent. I called it to Dave's and
Jim's attention, too. Then we realized
that it was golng Into the secondary water
boiler. We were boiling because of the

cold scak. That was something whieh I
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SCHWEICKART had not really thought about ahead of
time, the waste quantity is called out to
be 90 percent, or greater than 85 percent,
Jepending on where you laok on the check-
list: and there we were, sithing between
50 and 5% percent at the time cf the
deorbit burn. Therefore, that was a bit
sf' a surprise. Aside [rom that, the
systems verifications wont right down the
line,

McDIVITT I guess 1 should have summarized before
we started discussing reentry just where
we were and how we started our configuration.
On the night before the retro, we had
done most of cur final stowage. We had
placed the suits and worked out the whole
stowage system so that, when we got up
in the morning, we had very little to do.
We had the suits tied down and stowed
away .

We awoke at approximately 233:30 for a
retrofire that was to take place at

240:30, We had T hours of time to pre-

PR ~



FedIVITT

ST LT CHART

"2

;

pare for the deorbit. We nad p_lenty cf
time and were always 2 or 2 hours ahead
of uny sort of 2 timeline checklist, WWe
workeo cur way sown o the 1 minus 1 heur

point at about 3 ncurs vricr to the actual

retro time.

syslens verification., I noticed in oy
crocklisl tast Laere were o ooupic of

“id ot follow the

G

flew otopz unasy the
Cneckss in the wvohiocle PRE?PD One was

toosluach Yne X=X surut lockour banyards

52 That JDave cou.d un_ock ftne X-¥X struts

LzTore splas
cilte.  “hat was rot In the chkeex iat,
Al30, Larre was nothing called cut Lo
corn the Yae Wesl, and wo penclled Lhas
lize Ve also penciled n Lo creck was
YT ostrut to maxe sure thst 1L was Tocked,
Vhat wasr 't dn the checklist. Also, oven

Lthough we carrled necl restraints, there

ELEERS

1
-

Firg in the checklist which called

.
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cut donning the heel restraints, so we
wrote that in.

Two other tihings that were not in the
checklist were verification of the hatch

configuration relative to tha ramm handle

~being in neutral, and ensuring that the

shear pin and the counter balance are

inztalled.

On the KPS vhecks, the DC volt-amperage

check, it turned ocut that BAT B was bwelow
what was called oub in the checklist.
The checklist called out 34 to 38 and
less than 3 amps. & check of the two
BAT BUSES and BAT ¢ indicated that BAT
BUS B was down at 33.8, which really
wasn't surprising. 1 think that the
checklist is probably in error there.
We ocught to have more tolerance on the
low end.

When we made the command module RCS
checks , Lhe helium pressure limit
{checklist was LO0O to L450) system 1

read 3920 and number 2 read 3810. 1 have
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a [feeling agaln that the system was prob-
ably okny. It was Jjust a little bit of
overcptimism on the part of the check-
lizt as to what the lower limit ought

to be., Ve were also low after
pressurization by just about the sanme

D TA that we were off before activating

4Tter the CM RC3 pressurization, the
helium prassure was 3225 in CM ] and
3215 in M 2, whereas the checklist
called 3300 Lo 3750,

i the FM3 deorbit check, I had a note
hore that the scroll was not tracing
during the test, JTim will comment more
on that. In regard to the caution and
warning system operational check that
calls for the cawtion and warning power
to be turned off and then to verifv that
you nave a caution and warning nower
Light on, the caution and warning light
did not come on. Again, T don't know

whnether this was an anomalv. 1t never

CSIBE Db



SUHWETOKART did rcome or arl through the foignt when
The caution and warning power was turned
o, Tn Sac simulator, 1t comes on; and
< uwnacrstancing of Lhe sysiorm was bthat
i% skhoald nave, Aside Zrom those com-
nerts, everytning followed the chocklist

right dowr the line.

oo EF 0 Final ¥ntry Preparations
SCo0r T're power-up on the pletform on tne first

aiignment was performed at 235 or in the
dark period beginning av 23%:18. We tvied
to gl_.cow tnree nightsides Lo make surce
thut we had the platicrm alligned properly.
We had a goed 2ineck on cur attitude
berause we had prcblems with thne telescope,
and we wanted Lo ensure that we cousd do
a sacxup allgnment of some sort 1f the
telescope didn't work winen we powered id
dp or erntry morning.
The first aligamert was dore To a nominal
2t a rough deorbit burrn time that we'd

govten the day vefore in order tc get the

wratforn in plane and do a Tine align on
b p
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bl - the Tirst aveilable

romingl time of T aiign was PLC:30:08.

The time of the fMirot sllignment, Fine

3

b, iem, on o hhie nexs

i
[

align, was 23

nightside pass, I 27d an ol lgnment toe Lie

desirec HOFSHMST that had been sernt up
from the ground; and that was at 238:31:3
Tner. we manesuversd o the burn actifude to

got & ztar caeck =t othe attituso ans ruan

sarougn the compl

weecraft =l gamert
cnecks Lo cnsure thal Lhe spacecralt was
at the proper attilude cne revelullcn
wrior te the decrbit burn. The last
aligrmept was perivemed al 237:35:30; and
we raretvered to the barrn attitudgs.

[l

The guer for thne deortit burn was Sirius.

Ui was angut 2 degroes from the center of

avoul w degree. T inorcd nretty good,
and we golt the ground upaale con the
DY, Wo wore sure Laal owe were sb Uhe

vroner attitade a2t more than s Tull rev-

o_Luticn bhoelore the decrbli.,

VGt P i
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The allgnments ca btae lust day workeg
sC0TT

very well. 7The telescop: 2id not nang
up oat =212, and everviiling scemed to bhe
working neminally, There w=2s a slignt
wit of slupe ir the aeadiznd in the cen-
ter ¢f the sextant, whicn hud been oc-
cdrring the last soversl aays, bul it
wasS nou enough to »revent geliing & gooo
.mark. Tne spacecralt had just a LIblle

bil of rate Lo pul you on the adge of

One thing Lkabt 73 wortny of note here

hasz been comnented cr by previcus crews:
wheen wou arm the command medule RCS
propellant syster:, vou can hear the
flulds fiowing through the _ine to the
thrusters, and it's quite obvicuas thatl
ve praed at least crne of the systems.
By choeking Lhe gages, you can tell
whother yea've armed oae or —zoth of tham,
In +he command module RCS checkoun, 1t
was very obvicus thal we were flring

comeand module RBCS engines ratner than

COMHBENFHir— ¥
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service module RCS engines. When we
went back to service module, vou could
be convinced guite easily that you had

switched back to the service module,

A3 a matter of fact, you could hear the
transfer click when you threw it from
command module to service module.

I'd 1ike to go back and correct the
aligmment times of the platform. The
initial P51, P52 to the nominal was
235:3k:00. We did a realign to that
nominal initial alignment at 238:31:30.
Then we received the desired REFSMMAT
from the ground and did the initial P52
to the desired REFSMMAT at 237:05:30.

Cn the nightside when we did the star
check, we did a final realign P52 to the
desired REFSMMAT at approximately 238:28.
At that point, we maneuvered directly to
the burn attitude and did the star check.
All four alignments were with a star

angle difference of zero.

CONFDENRT A~
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Wwe found thav therc was no need tc pre-

Feat the CM RCE infectors hocause of the
comperatures thal cxistod at the time we
cnecked theom,  A1D cof them were just

about off-scale high. The temperatures

had bteen almost off-scale high tarcugh-

out the flight fcr all six, so it never

did aprear that wo'd sver reed Yo pre-
Fi I

aeat the X RCE.

waenh we performed the Tivst BMD test, we

did the DELTA-V Lo and it worked al-

rigat. Hverything on the BEMS haz been
working fine up until %tnis point. As a
ratter of fact, 1 thought it 4dia an out-
gtanding jon.  We had no glitches
whatgoever In it. iowever, when we did
the scroll test (we nad many ground
cneckout patterns in the spacearaft scroll
Lnat wore still availsble to us), T Just
maved to tne Ifirst georclil pattera and we
dld an EME check; ang it cheocked perfectly.

Then we moved the thianz dowr to the flrat
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flight check pattern. It was supposed to
be scribing across the top of the scroll.
A11 of a sudden, the line disappeared and
went from test pattern 3 or W, whatever
it waz, to the first flight test pattern.
It didn't scribe most of the way down.
Therefore, I thought I'd better do another
check. I put in one of the flight test
patterns and did another check, and it
scribed partially during this particular
time, It alerted us to the fact that we
may not have an EMS during the reentry.
When we finished that test, we ran It
down to the B-zero for reentry, which

wes 25996, During its trip down there,
it didn't scribe across the top of the
scroll either. Therefore, T pretty much
ccneluded that the EMS as an entry rmoni-
toring device was going to be semiuseless.
It leooked like the drive and everything
on the tape worked properly, and I could
expect the secroll to seribe across., 1T

Just couldn't expect the stylus to scrape
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MeDIVITT the emulzion off the tape, which meant
that by roughly locking at tne g meter
and then trying to corrclate it with
the little black marz on <he bottom of
the FE¥GE, T would be able to approximate
myself on the scroll. It was very crude,
and I found that during reentry this is
indeed what happened.

Ag we started the reentry, the EMS failed
w0 scribe. To the bvest of my knowledge,
it 4id net gecribe at any time during the
entry until after the drogucs care out,

at which time the vitreticns caused it

to start scribing across the face of the
AME, At ne time during the useful portion
of Lhe fligat did the scribe ever scribe.
The range counted down properly and

seened S0 agree Wwith The DBXY at all times.

o

SCOTT ir general, the DM5 DZILTA-V counter worked

b

very well Lhroughout the flight. On Llhe
final day, we ran two sets of DELTA-V
el — both the drift test and the

atandard JELTA-YV test. On the first one,



we had C.3 foot per second and 120 sec—
onds on She drift. The DJZLTA-V test
counted down Lo minus 2€C.%. The second

cnie was .2 oot per gseccnd and 100 sec—

onds and minus 2003 or 2007,

4.6.°4  HManeuvering to Deorbit Attitude

50077

Wwe rareuvered te deorkbit stititude manu-
nlly to 185, 280, ard 0. Tren T did a

-

L9 o that paruicular position to

get the thing there for the star cheock.
We dld these tasks guickly. Then we
called P40 to make sure that it was
2aliing Tor the same angles, and 14 was
within tenths of desrees,

4z we wenL =zeress taat nightside pass,
pricr to Lhe rourollrc, I xnew wo woro
goirg to retrofire Jjust a few minutes
irtc the sunlight. Thils meant that the
horizorn prohably was going to be in thas
never-never land wheore thore rea’ly isa't
arything Lhat veu can sce. Sure cnougn,

gy we came across Lhe horizon ©-7/2 hours

wefere retro, I made g1l of the retro

COMRORMLAL -
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TaTata ) attitude chnecks that wo wore supnosed to

Dt

do - 4ne T minus 12, &, and 3. You

could see the T minag |2 check where the

norizon is supposed to be essentially
at zero, zerc, zerc. . still had *re
nignt horizon out thero; but by the time
we got down to around 8 minutes, the sun
was heginning to shine iarough the left-
nand side window -— window number 2, and
the nerizon was seginning tc disappesar.
Lz we approached Lhe reirofire tine,
there was absoclutely nc norizon. So,

we wero dnzble to mske any horizon checks
except what we had turned all the lights

down ir tne spacecraft 1-1/2 hours weflore

the retro ard checked the attituaes as
we wert throughy they locked pretiy sgooc.
He knew we were within a Tew degrees;
cersainly good enough to get us out of

oroit.  But it Just hanpened to be at

tnat ore 1ime when ‘L was Impossible to
make all thaose nifty 1liutle checks than

we rad worked cut in the data priority

meetings.
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Dave makes a2 point here that he could
see the horizon through the center hatch
window better than T could through the
rondervous window. tHowever, we did not
have any lines scribed on the center
hatch window. We would have had to go
back and do a line scribing session on
the horizon in the daylight, and we did
not feel that we wanted to do that. But
I had great confidence that we werec in
the deorbit attitude, which later proved

o be correct.

The deorbklt burn was a typical light-
welght command and service module SPS
burn, When it comes on, it hits you in
the back like a sledge hammer. It was
about 12 seconds long, and sure encugh

the thing counted right on down and shut
off. The DELTA-V counters and the DOKY
residuals were nominal. 1 will have Dave
give you those. 1 think he has them writ-

ten down.
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The residuals zt the end of the burn were
in X, Y, ana % — 1.5, plus 1.1, and minus
2.3, reaspeciively. Jim nulled them out

The BRSO OpRLTASY counter was mi-

TO ZOTC.
nus 18.2 =Y shutdowr.. The apogee and

- 4 . 1
perigee woere 240.0 by minus 2.0 the burn

time was within one-hzalf second of the

predicted wvalue.

nave Jjust one chort ccmment ga the de-

-

orblt buen. At TIG winus 30 seconds, we
had received an uvdate to go tape recorder
to record ZAIGH BIT RATE in forward, “irst
and then UP TELZMETREY cormand to HHEET
ard back to JOBMAT.. Everything was al-
ready In configuration cxcept for the
telemetry Tit rate switch wnlch was In
LOW. I moved thal teo HIGH and then hit
the UP TZILIMZTRY to reset WORMAL, and

vhe talkback stayed barter polie on the
tave, which puzzled me for a few moments.

Fl

Eowever, © had 4o give i1 uw because the
barn was coming un, and we were counting

down., The next time I looxed Tmack at 1t,
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after the burn, it was gray; and I just
let it go and never asked. 1 was never
sure whether there was a time delay which
prevented It from going gray imrmediately
or whether the ground nad picked up the
fact that the tape recorder did not start
and sent up a command. I don't know

exactly what happened there.

We followed the checklist, and it was
probably the best simulation we have

ever had, as Dave sald after we got down

on the carrier. Everything went according
t0o the checklist. There wasn't any problem.
We vawed right to 45 degrees, got everything
set up, and boomed off the service module
which went off with a big bang. There
wasn't any doubt about the fact that it was
gone. We set the switches up single ring —
number 1 on MAIN A, maneuvered back around
o the zero yaw attitude, rolled over and
vitehed up to put the horizon on the window

at the right spot (-32.9 degrees), and

SRR
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tracked around. That part of the checklist
and that part of the maneuver went just the
way it was supposed to go. I used single
ring pulse, maintaining the -32.5 degree
attitude line near the horizon until we got
down near 0,05g. As we approached 0.05g

1 tightened up the control of the attitude
and put the line right on the window as 1
wés supposed to do. The attitude errors
were down to practically zero at 0.05g.
Nave points out that, as we went around,
the G&N needles were driving us to a point
that did indeed put the 32.5 degree line on
the horizon and that we had a real goocd
confirmation that the G&N was steering us
in the proper attitudes through this por-
tion of pre-reentry.

One thing that might be worth pointing out
is that the single ring pulse is a real
nice control system; it is snappy. You

can really hear the thrusters bangling,

and it gives you real fine control of the
spacecraft. It 1s not an over-control

situation, but you do not have to wait

CONMEENMLAL. ..~
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there very long for it and it will bring
you right where ycu want tc go.

I guess we should peint out that the com-
mand meduie RCS thrusters are ruch more
saudicle than are the service module RCS
thrusters, GSometimes I nad difficulty
telling whether or not the service module
engines were firing, tut I never had ary

troucie with the command module.

L.£.27 FPassive Thermal Control

[alali

Dl

IWEICHART

Tne passive thermal control procedure des-—
cribed in the checklist was eveluated at
the end of the flight with a number of
differert deadbands. It seemed to work
vary well. The roll rates were as indi-
cated by the cheecklist, and the mode was
smooth with very little let activity. The
roll rate was 0.1 deg/sec, and the initial
deadband was 10 degrees. Subseguent to
that, we changed the deadband to

20 degrees and 25 degrees. At two points
during the procedure, we turrned off the

?TC. Ore point was when we initiated

GOMRBENTIAL
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POO gt 221:05:00. It was turned off

and reinitiated at 221:16:00 with a
20-degree deadband. Again, it was turned
of f at 221:18:30 and reinitiated at

221:21:30, and finally the PTC was term-

inated at 222:10:10. The seguence of

establishing the Pfc and lcading the
deadband was to follow checklist page 3-17,
initiate the roll rate, and then go into
ADDRESS 3255 and set the deadband in
sequence without changing the CMC control

mode after the initiaticn of the roll.

We did a couple of cther little tracking
experinents which were not very significant
for our flight but, I think, might be

significant for future flights.
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The first thing that was noticeable as we
approached the 0.05g point was the time

of freefall out of VKR2 82 of the computer.
It was approximately 27 seconds early.

The ground had given us 15 plus 27 for

EET 0.05%g. The TFF was almost constantly
27 seconds early, putting us there at 15,
until we were approximately 2 minutes prior
to the 0.05g time; then it started to con-
verge. At the ground pass of RET 0.05g,
which was then 15:25, we arrived within

3 seconds of the 0.05g indication on the
DSEY. The comparison of the two was very
good when we actually arrived at 0.05g.

261 worked properly and was properly load-
ad. NOUHW 61 had the correct latitude and
longitude when it was initially called.
40U 60 was pius 0.81 on the g's, plus
25896 on the velocity, and minus 1.73
GAMMA. NKOUN 63 was plus 12688 for the

range and plus 25982 for the velocity

@ inbhl Lt
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ey The postburn number thal the ground had
vassed up was 325.6, and the display at
G.2g was 311.7. Bo, we were well within
the lC0-nautical-nile tolerance. AL thst
Lime, we accevted Lhe GEN as go.

-The next monitoring parameler on the C&L
was the bank angle command which was sup-
posed to oceur between rminus 6 arnd O miles
down-ringe error. It ¢ia, in fact, occur
exactly as 1t should. We got a minus
f: miies and then got a bank zngle command
immediately thereafter or the next cycle
which was ancther ‘rndicatlion that the G&N
was In good shape.

MeIVE Whern we nanded cver thne control of the

|
[a=!
=

gpacecra™ Lo Lhe CMC =t 0.05g, it oDer-

formed Just the way I had seen it do in

sirvlations; and Sust the way I had ox-

pected it Lo do. There wasn't o single

anomsly.

Trhe cnly inleresting thing is that once

yvoul have handed over control Lo Lhe CMC

and it starts making maneuvers, you then

lose some of your backup rcentry schemres

ST,



Mo IVTTT whick did not comrare tooc well with the
ground values, particularly rn ranse.
“ne ground had nasscd 1201 mites for the
ranfe Lo go. .ihls was approximately 67
miles difference, wnich surprised me a
little. I thnought that IOLOSSUS had
been corrected to nave the proper range
e oo value comne ur it that disnlay.
“hken postourn update for the range to go

1209, so it was suill approxinately

00 miles off.

262 and P63 worked nominally; andg, as I
menticned, we dropped into P6L within

3 geconds of the ground predicted tirme.
The ertry monitor system range started
courting and wae well within the tclerances
of 40 miles plus or minus 10 seconds. As
a matter of fact, I thirk it was somethirg
Zike L5 after we hit 0.05g, and Jim ini-
tizlized it manually at tne C.05g btime,
Tre C.2g disviay of NOUN 66, which was our
iown-range error comparison voe accept cor

reject the GEN, was well within tolerance.
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(for instance, the bank-bank techniques
and so forth) because the G&N starts
steering you one way and then another way.
It is steering without regard to the bank

in one direction — bank in the other dir-

~ection scheme. Because my EMS had failed

to start scribing, T was sort of without

a real good backup, except for the fact

that I could read my g meter. I tried to

take that value of g and run up the non-
existent line from the scribe on the bottom
to a point on the EMS and to extimate my
range potential. 7Yhis was very, very crude,
especially when we were up at high ranges —
high range potentials (600 or 800 miles).

It woz almost impossible to tell within

200 miles what my range potential was; but,
of course, it is not too critical up there.
It became a little easier to use when 1 got
gown around 200 or 300 miles, because the
difference between the lines is considerably
greater. I could estimate probably

within 100-mile range potential at this

point; but, it was still a very, very
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4.7.4 Sounds, Sensations, anid

MeDIVITT

crude scheme. Once we were comnmitted to
the G&¥ (although we were all very weil
aasured that the thing was operating
properly), failure midstream wouid nave
hezen a very poor piace to have one be-
cause -our ranging capability was really

ocrude.,

We could see the ionization sheet start
g% about 0.01g or so. It was nominal,
and we toock a picture cf it on the way

GOWE .

Soacrvations

The Sounds, Sensations, and Observations
Were 25 I had expected. The spacecraft

ild not exnitit any really abnormal con-
diticns on the way down. The rates ran
apuius 1 deg/sec all the way down, even

when we were doing some of the weird
gyrations that the thirg goes through when
it banks from 80 degrees right to 80 degrees
lefs; and it goes in a big arc instead

of 5 roll. I could actually feel these

SCORERER AL -
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MeDIVITT weird motions. At no time did I ever
feel that the G&N was going to lose con-

trol of the thing, either in rate damping

or in attitude control mode.

b7, h Sounds , Sensations and Ubservations

SCHWEICKART I recalled that I had a very distinct
impression at drogue deploy of a pulse
.of hot smelly gas in the cabin. It was
a very sharp onset, almost as if part of
the exhaust gas had hlown right into the
cabin. I would gness that it was part
of the thrusters from the apex cover or
the motors themselves going off. But,
it was a very distinct heat pulse; and
it had a rather pungent odor to it. T
noticed even at MAX g that, although it
felt like about 8 or 10 g's, I could
reach up and manipulate the S-band on
the antenna switch. I was dolng that
all the way downs; so 1 was aware by
moving around that I was not really up
at § or 10. But, as far as the way it
felt cn the body, it was up in the high

numbers -getting close to 10, as far as
o



SCHWHICKART Zowonn conocerned.

L.7T.6  Attitude Uontrol Mode
HMeDIVIET We flew n:l the way down In (&N atbilude
control mode. I aad bhe rates scale sou

to 55, There was no problen.

L.7.8 Jvegue Chute Dovloyment
FedIVITT Wien we ot oon down towards drogus chute
tome, averybody was estimating the drogue

chuate tine. We had aboat z thousand 4i7°-

sy

ferert chrcxis, and Lhey =11 came okt very
well.,  There seemz To he sone discussion
here amenr the throe of us when we aren't
cn the tzpe aboul the gignificance of thre
stoam pressdre diact 23 an altimeter. Tt
carme odn within about 17 sccends, waich

I cersenally feel o preobably o prouty
good checlk. There are a Lot of cther
checgs that - have on the lefi side waich
tne otner guys don't have. One g the
way Lhe g's are falling olff; another

iz lockirg at the range to go off the ENMS
and alse off the 25XY. T could tell

roughly Lhat I was gedvting to the voint
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whare [ zhcaid 2e getilng the chubes out.
I could not ugse these things as altimeters,

cab there is g lesway of o Tow mindles

there. T tnlnk that one nust be

-

the fact thail ke is getsing Zown to thc
point wahere something should be done.  The
thing that nas to be done is te place the
ELS legic to OK and tne KIS to AUTO, waich
then establishes ancother set of narostats
want would also have to fail pefore cne
gets into troubie. 3o iU scems like, im
my opinion, the chock was adecauate in

thet it gave us ithe clue thal we should
arm 1p those systems. A couptie of seconds
elther way doos nol scem to be that signif-
izant, but we will _ot the ciher proplo

expross thelr opinion here.

T ozimuiation, we nad establishad a Lech-

nigue of eorrolation tetween the D3KY and

the stoeam prossure ac Lo get a hack cn

Lhe time at wnich uhe altimeter should
come ofT the peg. Rather cconulstently

in the simulations al 5000 t/s=c cn the

DELY, vou could expeet to standuy So watch
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the steam pressure gage; and at L4000 ft/sec
on the DSKY, it would come off the peg.
Thisz was an indication. T would normslly
call this to Rusty zo he could be watch-
ing the steam pressure gage; and in simu-
lations, it would be within several seconds
of U000 ft/sec indicated which normally
was at approximately 65k. I think we may
have been putting too much emphasis on

tiis as a check, or else we have a bilas
somewhere or some uncertainty that we

are not exactly sure of.

About a week before the flight, we coor-
dinated with EECOM to get the most accu-
rate numbers that we could for the time
from steam duct pressure increase, coming
through 90k, to altimeter off the peg at
55k — also, to 40k and to drogue deploy.
The times for our mission and entry param-
cters were 61 seconds to altimeter off the
peg. As 1t turned out, in fact, when Dave
gave me the mark from the DSKY as to when
I should expect the steam pressure to be-

gin rising, nothing happened on the steam

S
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pressure for another 15 or 20 seconds,
When the steam pressure started to rise,
it had been hovering down around the 0.12
to 0.13 area; as 1t started fluctuating
and went up positively to 0.15, I started
my watch. When my watch read about 4k
seconds, Jim said the altimeter was coming
of f the peg. That figures out to about
16 to 17 seconds ahead of the time-early
on the times that were given to us by the
EECOM., Whether this is a random error or
whether it is a bias in the computations
that we are making is a question in our
minds; and depending upon how you weigh
this as a backup system, we cither should
give it up or try to pin it down a little

more accurately.

The comparison of EMS range to go and
DSKY range to go was pretty good all the

way -down to within about 30 miles.

During the reentry, the maximum g-level
that I saw was sbout 3.2 and typiecal of

reentries. T guess, when we got up to
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McDIVITT U.2g, everybody Telt like they had an
elephant standing on their chest. Our
sensations seemed Lo indicate to each of
us that we had many more g's than what
the g-meter said, but I believe this is
typical of most reentries. During the
reentry, we could see the ionization
sheet start at approximately 0.0lg; and
it was considerably different from what
I recalled it being in the Gemini mission.
It was almost exclusively orange color;
and it just varied in intensity, from
what I could see of it. In the Gemini
mission, the ionization had more red and
green and other various colors. We took
some pictures of it during reentry. The
cameras was started at approximately
0.02g snd was still running after main-
chute deployment, although we are not
really sure if it took pictures all the
way down. The drogue-chute deployment
was performed automatically with the
barometric sensors. The apex cover went

off with a bang and the drogues came

R B
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Main Clhuse Deploymori

Aol TIT

cut: Laey cperated the .ay they should.
nere was considerable debris. Tt was

my imoreszicon thst the lenger we wers
on drogue the more we osceillated,
altnoush the osceil gation: ware rnot sad
at all. 7t locked =zs though we kad =
DELTA angle netween the centeriine of
the spacceratt and the centerline of

the fromues that built up to probably

plag or minus 20 or 30 degrees.

The maing were denloyed automatically
and were deploved vroperiy.  When the
mainz deploved, 1t Zocked as though we
f[\

he ome on Lhe

only nad two chates,

ieft ziae came out, and wo coula

4]
D
g

what it was one chute. Thke one on the

'3
—

ghin side Tooked as thoush it was just
A single chute, and T am not sure wiocre
Lae Lthird chute was, To me, 1t looxed
28 tnough it was almesi up Inside of the
chute o1 the right. When they cane to

Lhe reel position when they started

A —
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McDIVITT filling with air, the third chute sort
of magically came out of the second
chute oa the rigant side, We had a
3ingle chute on the left and two chutes
very close together on the right in the
reef cendition. Then when they disreefed,
they opened up; and we had the typical
three-chute blossom. It locked very
rormal. Prior tc the time we dumped
our fuael, I noticed that there were a
coupie of the small squares torn out of
the chute which was on the left-hand
gide at the time. I could notice that
one small sgquare was gone. Then after
we dumped the propellant I noticed that
the chute which was over my head then
kaé three sma’l parels torn out of it.

I aﬁ not sure wnether that was a result
of the fuel dump or whether the chutes
had rotated. I personally think that
the chutes had rotated and I was looking
at a different chute or a different part
0f the same chute that previecusly had

heen over my nead. There was not any




Me DTV TTT najor damage to Lne chutes. As I said,
I saw one small square panel out on one
chute and three small square pancls cut
on ancther ore chute, cr possibly the
same one.  Onee the main chutes were out,
the gpacecraflt stopped oscillating and
rode down very snoothly. There is not

micn elge to comment on the chutes.

STIWRTOHARY 1 was on the right-hand side looxing out
the wirndow at the deployment. [ did not
pay a1y particular attention Lo the

iroguecs; but when the mains o2sme out, I
a.50 hzd the impression that we had two
=t first. Irom my view on the right, it
appeared that the third chute was obscured
by Lhe two outside chutes. It was up
voetween them.  Then, I haa the gsame
impression as Jim when they began o
fi_l with =2ir, beforec the 3icrecfing.

As The two outside chuses vegan to Tili,
I saw the third chute come out from
botween them. It was slmost as though

L were on _onger shrouds than the two

outside ones and was just sort of wedged

SO N T i
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up between them so 1t could not be seen.
- do not think there was any anomaly at
all associated with it. I did not notice
any holes in the chute, I was go happy

to see those big things that I did not
reaglly get down to tne nit-picking

detalls.

At the time the G&N switched to NOUN-6T

at the 1000-Tt/sec point, relative veloc-
ity, our indicated latitude and longitude
were plus 2326 and minus 6801; the desired
latitude and longitode loaded into PAL

was plus 2325 and minus 6800, The range
to go at that time was minus 1.1 miles;

50 we had, at least by the DSKY, reason-
able confidence that we were close to

the landing point.

For communications during the entry, they
had recommended sticking with antenna C,
a% was called out on the checklist.
fntenna C seemed to work pretty well

except that we were beginning to lose

COMDEN it
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lock aficr the blackout was supposedly
nver., The signal strength was fluctuating
wround the half-way point, which is about
the point where we began getting a signif-
icant amount of ncise on the S-band; I
switched back aﬁd forth through sll four
antennas, but none of them really seemed
to lock up very strong. Antenna A and C
seer to work the best, but none of them
put the signal strength up to the upper
end. We really did not get a good strong
S-band lockup, as I recall, until after

we were on the drogues. At about the

time we got the drogues out, one of the
antennas — and T must admit that I'm

not sure which one it was — locked on
good and strong, and I left it there.

Lave gave his latitude and longitude on

the S-band at that point, and we did
get communications with Houston at that

point.

I ealled Houston once but got no answer;

s0 I gave the latitude and longitude in

' the blind. Then, I called Houston one
[ 3
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S5COTT more time and got a response; so I ogave
them the latitude and longitude but
received no reply. 'That was the last

time T heard from Houston.

Mol DV imT Vhen we were doing the command module
RCS fuel and oxidizer dump, we got the
great big red cloud al the end of the
dunp. 1o went swirling up through the
rcrutes very gracefully and then we went
anend and did the purge. We eliminated
the big cloud. Tt's guite obvious whea
the dimp finisnes, nocause the noisce
From the thrasters firing just ceases

very abructly.

MeDIVITT The cabir sitayed cocl on the way down.

We picked up some odors [ guess, slightly

hefore we got on the water, the typlcal
odor that you get Trom the Turning heat-
shield. We didn't Irnstall Lthe vents
beecause we didn't feel that we needed
any. Wo never turned off the suit loop.

We nad il blowing all the time. We had

the cabin fan on.
i -"



TABLE 4-T.- SUMMARY OF RENDEZVCUS MAMEYVERS/SOLUTIOHS

B 054 - PoNs L 453 Charts
sEp? 0, O, +5.0
Phasing +0,2, O, =90.7
_00.2, +0 k) <105 | o p _20.1, 0, +1.3 14 .

™ - ’ E 3. ¢ a6, =3.3 il ) :
iR 14,8, vl tE2e6, 4048, 3.3 00T s g7y g o 20, 2B
Insertiont +%3.1, 0. +0.8
cs1° f39.3, +0.6, 0 | f uo.o, 0,0 (e) " 4.7, 0, 0

aPreplanned.

bElevation angle at final computation was 28.75 degrees.

“Elevation angle at final computation was 28.85 degrees.

dDELTA—U TFI, DELTA-V {TPI plus TPS).

°TPI time bias for CSI computation was plus 4:00 because of off-nominal initial conditions.
f‘DELrI‘Aik—‘v'B bias of plus 0.7 ft/sec was to inserted manually intoc NOUN 81 to account for

shortening of burn time because of staging.

gwrong apsidal crossing was employed in obtaining AGS solution,

hBecause of confusion regarding the apsidal crossing, the minus 10-minute data were only
estimates and final computation was done postflight.

0ce N
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TARLE 4-1.- SUMMARY OF RENDEZVCUS

MANEUVERS /SOLUTIORS - Concluded

SN 25M GAS M OATS Crarts
1413
oL S350, =0, 15, ’ =40, 0, -14f-- —Lh."
CoH 35.0, -0.9, -25.1 L39.7, 43,1, —13.7 Lo, 0, -14[-32.5, 0, ~14.5
J K—L9.5 ~0.h, 49.0 4 m
- +19.6, +3.1, -:0.30 - 2oL , THI9h, o, =ELT AL - . . .
TP : 2 FRl.y, LO.A, D1.0 N e hn Den L, DL
8203, HD, US.3 . Fel.7, Ro.5%, 10.3

T.19.4, 0.0, +8.8

B0.6, +0.9, -2.3 | =1.0, -0.3, +0.9
MO ’ d ’ > 86,0, T0.0
1 Al.2, RC.S, D20 AL.L, LO.L, UD.1 L.,
+0.2, 0.9, —L.8
iote » Vs . L0, UOL
> F1.8, 1.0.9, U0.0 Fl.9, U0.0

29.3

29

“DELTA-V TPT, DiLTA-V (TPI plus TP¥).

‘Plus 1.3 DELA-V. was VEKB 9G input to NOUN 81 which was not used.

JTi for MSFN update was 97:57:L5.
g

kTig at final computation was 97:58:08.

Ty

1 . .
coluvion based on LM T, |
ig

mTig at final computation was 97:57:59.

n . . , L . ' . ..
Solution ottained with ne marks after TP1 hecause of loss of LM tracking light.
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5.0 LANDING AND RECOVZRY

5.1 Touchdown Impact

MeDIVITT

5.3 Postlanding Checklist

MeDIVITT

5.5 Temperature and Humidity

MeDITVITT

5.5 Communications

WeDIVIT?Y

We came down, and I cailed off the alti-
tudes as wec approacied zero. We hit, I
gucss, at aperoximately minus 100 feet,

Just as we were told we probvably would.

When we hit, we had a strong desire not
to turn upside down; and we had our
procedures saarply tuned. Dusty punched
in two circuit breakers, I oopped off

the main chute releasec, and we stayed
right side up. We went through the post-

landing checklist without any difficulty.

Thne temperature was fine. Tne humidity

was good. The only thing I did not like

was the snell waich is never very pleasant.

We establisned cormmunicetions with the
5 while we were sti on
recove forces whil r till

the chutes and had no problem with them.

SES Rl
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CHW I ICKART One additicnal tking, before we leave the
recovery, was the communicaticns wita the
gwimners on the swimmer umbilicai. There
was no adeguate communications wita the
swimmers. [ think that all of us felt that
Wwe neard the swimmers trying to communi-
cate with us, but it was unintelligible;
ana tnere was no evidence that the swinm-
rmers had any success in hearing either.
They locked thrcugh the windows, and we
wvere giving thumbs up, okays, and things
of that kind with hand signals; but it
dian't appear that we were getting oat lo
them any betier than they were getting in

Lo us.

5.6 Spacecraft Status

MeDIVITT Svacecraft status was good; there wasn't

anything abnormal at all azout it.

5.7 EBattery Power

MeDIVIIT We had battery power.

5.8 Postlanding ECS

MeDIVITT We activated the pestlanding ECS system.

~COREREM it
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5.9 Ventilation

MeDIVITT

5.10 BSeasickness

McDIVITT

s
[
[t

Internal Tempersture

MeDIVITT

A

.12 Stable 1

MeDIVITT

5.13 Couch Position

MeDIVITT

We got the ventilation going.

Nobody got seasick.

There were not any internal temperature

changes.

We steyed in stable I. We did not plan
to put the float bags out until 10 minutes
after we had landed so that the structure
would cool down. By then, the swimmers
were in the water and had the sea collar
around ift; and we decided not to deploy
the uprighting system because we were

liable to hit the swimmers with it.

We left the couches in the position that
we had landed in except for the center
couch. We lowered the seat pan of the
center couch sco that Dave could get downm

into the lower equipment bay.

SRl bbb
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5.1% Initial Sitting or Standing

MeDIVITT We found no problem with standing or
sitting except that we were a lot heavier

than we had been 30 or 40 minutes before-

hand.
5.1%5 Internal Pressure
MeDIVITT I felt no internal pressures.
5.16 Recovery Operations
MeDIVITT Recovery operations were interesting,

and they were documented on film and
television tape for the whole world to
see.

5.17f Grappling Hook Deployment

MeDIVITT We did not deploy the grappling hook.

5.18 Spacecraft Power Down and Procedures

MeDIVITT We powered the spacecraft down according
to procedures.

SCHWEICKART We did follow the checklist through to
the point where one would power down for
congervation of battery life in case he
was golng to be on the water for a long

while. But, there was nothing in the
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SCHWEICKART

postlanding checklist which said anything
about completely powering down when you
leave the spacecraft to get out into the
raft. As a result, we sort of played
that one by ear and just pulled all the
breakers off the flight and postlanding
bus. Rather than leaving BAT BUS A and
B tied to the flight and post-landing
bus, we pulied those and decided that
was the quickest way. But, it seems to
me that it would be worth while to add
another section to the postlanding check-
list as a final power down or perhaps

to add something in the training which
says don't power down. For example, it
was not immediately c¢lear to me whether
or not we should have left the VHF beacon
on, although, in this particular case,
they happened to reaguest it off because
they thought that it might have been
interfering with the swimmer communicsa-
tions. But it was not clear whether or
not we should have left that small amount

of power on the flight and postlanding bus
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when we got out the door, or whether we
should have pulled the breskers. So, by

using our heads for what that was worth,

we pulled the breakers and powered down

completely.
5.19 sgress
MeDIVITT We egressed the'spacecraft after inflating

our Mae West, got in the liferaft, and
were picked up by the helicopter in a
Billy Pugh net. It was a little excit-
ing at times, but I don't think we need
to comment on that here. It is well

documented.

5.20 BSurvival Equipment

MeDIVITT We did deploy the sea-dye marker, as we
were supposed to, to get the telephone
cut; although T was never able to hear
the swimmers talking to me except in a

very, very low background.

5-21 Crew I'ickup
SCIIWEI CKART On the crew pickup, it was obvious that
the helicopter crew was having consider-

ably more trouble in positioning the

COMPITEN il



A A—ARIEI=d = uy o 51

SCHWEICKART | Billy Pugh net than what we had seen in
the Gulf during our training with a
Coast Guard helicopter. It was not until
24 hours or more later that I remembered
one difference in the geometry of the
situation, which may or may not be signif-
icant; but it was the only thing I could
think of which gave any possibility of
a difference. By the way, the water was
at least as rough or rougher in the Gulf
than it was in the actual recovery; so,
that was not a factor. But, in the Gulf,
after we all goﬂ intc the raft, we stood
off fféﬁ the spacecraft at the end of a
line. When the helicopter picked us up
in the Gulf, we were probably 30 feet,

I guess, away from the command module;
whereas in the actual recovery, we were
still lashed to the flotation collar
right up next to the spacecraft. I am
.sure that had some effect as far as down-
wash was concerned and the behavior or
lateral motion of the Billy Pugh net.

Now, whether that was the full answer,
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SCHWEICKART

it

I don't know; but thkat is the only thing
I could think of that was arn actual

difference in the procedures used.
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A6.C COMMAND MODULE SYSTEMS OPERATION

MeDIVITT If the behavior of the system was as we

had expected, we won't discuss it at all.

£.,1 Guidance and Navigation

SCOTT To lump the G&K systems together at the
peginning, it should be ncoted that we
powered dowrn and then powered up the IMU,
the CMC, and tre ovptics completely for the
first 5 days. Then the IMU was powered
dowr: and powered up again for the last 5
days with the CMC and optics remaining in
OPERATE each of the last 5 deys. No prob-
lems were encountered zt any time in the
power-up or power-éown procedure. The
CMC was left powered uov during the last 5
dayvs to provide a constant power level for
the fuel cells, and the optics were left
roewered up the last 5 days to prevent any

further difficulty with the telescope drive.

£.1.2 Optical Subsystems
5COTT The evepleces on both the telescope and

the sextant tended to rotate and come off,

and we had to retain them with tape through-

O RAL
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el

out the flight.

In addition to the eye pieces, the focus
was a problem and tended to change based
on the vibrational rotation of the eye-
pieces. The tape was also necessary to

maintain a constant focus.

The sextant reticle was not clear and it
hadn't changed since the chamber, It was
fuzzy and had a halo arcund the ocutside.
We complained about this prior to the
flight, and when we got in the flight,

it was exactly as we had seen in the
chamber. The reticle was fuzzy and not
¢lear. There was no place to stow the
opties covers for the eyepleces, and we
just stowed them back in the optics stowage
point. Occasionally, they would drift
out and would have to be located again.
The star chart and VERB/NOUN list on the
GNC panel worked very well once we got
the VERB/NOUN 1list out. That took about
5 days because it was firmly in place for

launch and there was no easy way of pulling

SCOMHEENyie-
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it out at zero g. The tolerances on the
VERB/NOUN list or the size of the list must
have been somewhat larger than the star
charts because 1t was jammed in its mount,
and we had to use a screwdriver to pry it
out. The two star charts worked very well.
Théy were easily installed and removed

and were excellent aids in identifying

the stars. The long eye-relief eyepieces
worked well; however, they required far
too many turns of the screws to mount,
which would be a very difficult task in

a hard sult if the eyepieces were needed.
The guick disconnects on the evepieces
were excellent and were used anywhere from
two to ten times a day. Each time that

we completed an alignment, we would restow
the two eyepieces to prevent damage,
particularly when we were suiting and

unsuiting or going through the tunnel.

The prism split and the telescope was
most anncying throughout the flight,

particularly during the rendezvous when

CONHEEM A
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the reflection from the sun or the earth

was picked up. The target was cbliterated
completely from the cernter of the telescope,
end It oceourred on alignment probtzbly about
20 to 30 percent cf the time. This prism
gplit zppears as =z band across the herizontal
line c? the telescope reticle and covers
about cne-third of the field of view. Tt
varies from =z light brown stripe to almest

z complete white brilliant band, depending
on the intensity cf the reflecticon. The eye
guards on the eyepieces were small and darx
and ccme off easily. Once they came off,
they were difficult to find; and it's recom-
mended that some tetter method of attaching
them be discovered. Towards the end of the
flight, the sextant deadband appeared to
grow in that., if the spacecraft rates

were very low or almost zero during align-
ment, 1t was difficult to vesition the =tar
in the exact cernter ol the reticle berause

Eal

it woutd slide from one side of the 2ead-
tand to the cother. It was determined that

witn low spacecra’t rates it was far easier

~CobRHDENLLLAL
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1o mark on the star in the center of the

sextant reticle.

For daylight aligrments, it might ke use-
ful to provide = sextant field-of-view
outline of stars relative to the navigation
stars because 1t was noted that a number
of the navigational stars have character-
istiec features and wrominent secondary
stars near ther Iin the sextant field of
view and can te identified very easily

in daytime if the sextant is pointed autc-
matically. As an example, Regor and Acrux
are very casily identifiable in daytime

because ¢f the nearty stars.

The sun filters worked very well excert
that the sun filter for the sextant, which
was used on the long eye-relief eyepiece,
was far tco loose and had tc bpe held on
manually. The filter for the long cye
relie® on the telescope seemed to work
fairly well. During the evaluation of the
sun filters, we looked at the sun through

the sextant and were able to count approxi-

~cONHDERN AL
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mately 15 sunspots, most of them located

in the first quadrant. This was at about
174 hours in the flight.

The major anoraly during the flight relative
to the opties was the hangup of the telesconpe
drive. This has been mentioned previously
in the debriefing, but it occurred on the
second day wher Jim noticed that the mechan-
ical drive read-out con the talkback had hung
ur in shaft at 64 degrees. 'There was no
apparent hangup in the electrical drive at
that fime. On the third day on the first
alignment, thre ftelescope hung up at approxi-
rately G4 dcerees with the electrical drive.
It was necessary to take tool F and manually
drive the telescope and shaft away frcm the
peint of hangup and thexn reposition the
mechanical drive for electrical drive to
enable it to work electrically. However, on
a number of subscguent occasicns the tele-
scope hung up again, and each time tre
procedure was to detach the evepiece and

mechanically release it from the point of

sl R TT
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BsCOoTT hangup. In this process, a rubber grommet
came ocut of the mechanical drive tool fit-
ting. We still have the rubber grommet.
Whether it was an extra or the grommet
that was supposed to be there was difficult
to determine at the time. Actually, we
have only three-fourths cof it; the cther
quarter is missing. Ieter in the flight,
the telescope hung up at cther angles.
Sometimes, we had cne hangup at approximately
15 degrees and another at 37 degrees as
determined by the OUDU read-out on the DSXY.
The first indications were that it was
hanging up at multiples of 64 degrees,
but apparently that was not a continuing
situation. Finally, after & number of
exercises with the telescope and after
leaving the optics power on, it performed
without any problems; and this continued

throughout the last 5 days of the flight.
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A.1.3 Computer Subsystom

[aNaFalasinnl
SCOTT

Tre only wvrcblem that we haa witn the com-
vuter throughout the flight was the appar-
ent nenacceptance of an instraction or the
tacg of the proper input by the vrew. The
first cccasicn was prior to 8P3 6 wnen the
DAP was loaded, or the DA? was changed

from two-quad overation To a four-guad
cperation. The second occasion was on the
last day — on the last night wher the no-
DAP contliguration was Loaded ard actlvated
by oa VERB L6, whlen apvarerntly was nct se-
cepted or didn't get in. Tae third ocea-
gion was tac completion of the ascent-stage
~racking when P20 wzs fterminzlced by a

VEER 56 and thne W-metrix continued to run un-
t1l CMC light and a W-matrix overflow alarm
cccurred, A subsesuent VERB 56 was entered
and did terminste the W-matrix. The rest

of the computer subsystem worked very well.

65.1.L G&Y Contrecls and Dizplays

MaDTVI T

Prior to flight, we had z few changes in
The tecknigues with which we were going to

uze the ertry menitoring system; but they

COMNEEL A
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MeDIVITT weren't major, and we followed the new
procedures. The EMS in the orbit mode
worked extremely well. The drift on the
acecelerometer was very small, Throughout
the flignt, we tested it, and it wvaried
somewhere between 0.2 end 0.4 ft/sec per
100 seconds. Wnenever we did a DELTA-V
test, the DELTA-V test was about as good
as 1t could be and always came within a
couple of tentas of a Tt/sec of the mid-
dle of the band. In each case, I always
felt that we had probably the best entry
monitoring system that had flown to date,
and certainly better than anything that
we had ever seen in any of our simulations.
Eowever, when we got arcund to doing the
entry and really were going to use it for
entry monitoring, we ran through a ground-
test vattern to see how the thing was going
to work. Then we were going to go through
the flight check-test pattern. On the
ground-test pattern, it worked exactly as
it was supposed to work. At the comple-

tion of the test, I had concluded that the

~COMNHDENFhLZ
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McDIVITT

SRl bl

test was successful; and at the time, T
sort of decided not to even bother to run
through the flight test-check pattern., As
we started slewing the EMS down towards

the 37 000-ft/sec line, I noticed that the
scribe stopped scribing across the top of
the film; therefore, T elected to do one
more EMS test on the flight test-check
pattern close to the beginning of the

entry scroll. When we performed the check,
it scribed reascnably well, and I figured
that maybe we had just had a slippery piece
of film between the two test patterns.
However, when we slewed down to the entry
interface velocity of 25 996, it failed
again to geribe acreoss the film. Through-
out the entire entry, the EMS scribe failed
to scribe a line on the film until we were
down very low. I believe that it was at

a drogue deploy that we finally got the
thing to start scribing; it looked as if

it needed a good bang to get the stylus
back down through the emulsion. It didn't

render the EMS completely unusable because,

SE Sl ihd i
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by looking at the other accelerometer, T
could estimate what the g's were, estimate
a2 position on the EMS, and approximate my
range potential to the nearest 100 miles,
at least. It certainly made it a diffi-
cult task, and the EMS will have to be
fixed before we proceed to any more lunar
reentries.

The FDAI's operated as they should through-
out the flight. I might comment on the
FDAI 1-deg/sec rates scale. I think that
this is an extremely useful scale to per-
form as a rate gyro. As the scale made the
maneuvering of the very large full-up ve-
hicle (CM/SM/IM) a very precise task, T
think that we saved a considerable amount
of fuel by having this excellent displsay
available to us.

The rest of the GEN controls and displays
operated nominally except for the rotational
hand controller. It operated fine electri-
cally, but the mechanical interface between
the c¢ontroller and the seat was one of the

sloppiest that we had seen. T think that

~COMHBENTL AL
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it was even worse tharn the one tnat we

had in our sirulator which we were required
to fly by stenilizing the controller with
our knees. It didn't maxe it an impossible
task teo fly the spacecraft, but it certainly
wasn't as desirable as a good tight-fitting
mecnanical interface between the hand con-

troller and the seat.

T kave cne little comment on the CMC/SPS
TVC relative to burn number 5, where we
had about a Ll-second burn and picked up
large cross-axis residuals. We had ex-
pected this from orefliight simulations
and, I think, maybe as a result of some
auto pilot improvements, we may pe able
to tigkten up the loop a little bit and

improve this cross-axis steering.

Statilization and Control System

SCCTT

One additional comment to the 5CS was
that the MASTER ALASNM light that came aon

every time the BMAG's were powered down,
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and we always wanted to maneuver the space-
craft at very low rates to save Tuel. We
did a lot of preplanning to get to the right
attitude at the right time and to start the
maneuver as much as 45 minutes or 1 hour
beforehand. I did find that when the space-
craft was in full-up configuration (full
command module, full LM), it was sometimes
better to go to the ACCELERATION COMMAND

to get a reasonably sized rate.

In 8C5 ATTITUDE HOLD, we got intc some
limit ecycles. I think that the classic

one was just prior to retrofire when we
were as light as we ever became and when
all the thrusters were enabled. We got
into a classis example of limit cycling,
banging back and forth at a fairly high
frequency in roll. We turned the LIMIT
CYICLE switch ON, and it damped the rates
right down to zero. From that moment,

we had very few jet firings that I would
consider to be the nominal for that par-

ticular ATTITUDE HOLD mode,
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We had a power-up and power-down checklist
that we used for the 3CS. It went very
well. For the first 5 days after that,

we anly powered the 505 electironics down
at night and back up in the daytime. Each
time we went to bed at night, we disabled
the hand controllers in a direct mode and
the hand controlilers In =z normal mode.

We turned off all 16 switches for the AUTO
3CS SELECT and we turned off the transla-
tion controller, so that we always had a
good feeling that the flight control systenm
wasz powered down and that T wasn't golng
to nave Lo stend too much Timwe werrying
aopout a stuck-on thrusier while I was
sleeping.

On the control modes preflight, we went
througa a number of exercises to Try to
determine which DAP configuration would

be the most efficilernt and which SC8 con-
figuration would be the most efficient.
Juring flight, we did use the adjacent-
quad procedure in the DAP for attitude

holding and 1t seemed to be very efflcient.

CORLELD i
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There were few Jjet firings., and for ma-
neuvers, even though it hadn'. been recom-
mended {or maneuvers, 1t geemed to work
very well. Normally, maneuvers should
have had a couple on each axis to be most
efficlent,; but at the times we made ma-
neuvers, both with the LM on and the LM
cff (with only adjacent quads enabled),
the maneuvers seemed to be smooth and
efficient. When we switched from a MAX
deadband to a MIN deadband on the DAP,
such as after a VERB L9 maneuver to a
burn attitude in a subseguent entry into
PUO, and unless we were in the center of the
the deadband or near the center, we would
have a very sharp nuneuver from whatever
part of the deadsend we were in to the
center of the deadband, which was not ef-
ficient in fuel usage. The LIMIT CYCLE
was also very good witk the TM on, This
was 1liuslrated during the EVA attitude
helding in wiaich we did a complete 3C3
hold with the BMAG's uncaged, and MAX

deadband low rate, six Jet in that we

SOMNHBEILLA
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SCOTT

6.2.1 Control

SCOTT

6.2.2 Thrust Vector Control

scorT

turned guads A and B off electrically and
turned D roll off and the LIMIT CYCLE ON.

The holding seemed to be very smooth and

very efficient.

I found that the MINIMUM IMPULSE was the
most used moltor control for the spacecraft.

We used this because it was a fuel saver,

The MIVC on SPS5 number 3 was as expected
with the exception of the difficulty in
stopping the error needle movement. 1t
was easy to fly and easy to hold the
error needles in a position, but the
necdles didn't appear to stay in a fixed
position as long as they had in the simu-

lations.
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6.3 BService Propulsion System

SCOTT

£.3.8 PUGS

SCAWEICKART

The SPS helium tank pressure indicator
onboard went to zerc at lift-off and
remained zerc throughout the flight, and

the ground data were okay.

The propellant utilization gaging system
appeared to kbehave in what could conly be
described as a very erratic manner as

long g8 it was powered up. On SPS 1, Just
at the end of the burn, the EPS PU

sensor caution warning light was illu-
minated and the oxidizer umbalance read
full scale DECREASH, which was what caused
the 1ight to illuminate. This system was
used for the next seversl SPS burns and
behaved wvery erratically. The system was
switched from NORMAL to AUXILIARY after

the light 1it up on SPS8 2. The suxiliary
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SOHWETCKART system also behaved iIn an erratic manner
with the oxidizer unbalance fluctuating
in an errstic manner between full-scale
EIGH or full-scale INCEZASE to full-scale
DECIEASE. Foliowing S2S5 3, the ground
recommended disabling the 8PS PU sensor.
At a subseguent point in the flight, a
special test procedure was sent up and
carried out with the read-cuts for the
test appearing to be normal, except that
the oxidizer and fuel guantity displays
were not balanced and never returned to
a valanced condition. dowever, the
test I and test 2 slewing of the system
appeared to work in a completely normal
manner. The PUGS was again activated
for SBPE burn T and the PUGS mede switch
at this point was in PRIMARY. Once
again in this burn we obtained the SPS
PU sensor caution and warning light. It
was then deactivated for the last time

and 1t was not used during the decrbit

Durn.
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MeDIVITT

6.4 Reaction Control System

SCoTT

This was a burn that took place after
we had a 6.5-minute negative accelera-
tion on the service module. There was
some concern sbout some very terrible
things happening within the propellant
retention tanks and within the engine

as we started the engine again, and we
went through this burn., I'd just like
to say that the burn was perfectly nom-
inal. I did not see any change in the
chamber pressure. We did not experience
any chugs, bumps, or thumps. The engine
burned, on this burn, as it had onm all
the previous burns. I guess it should
be pointed out that we used 18-second,
four-jet ullage prior to this maneuver;
but that was the only thing that was not

standard in the whole maneuver.

We noted at lift-off that C quad was less
than 100 percent in propellant quantity.
It remained the low-indicated quad

throughout. When it came time to switch

CONHDENHAL -
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to the secondary propeilant system, the
values pagssed up from the ground for
the switchover were 4L percent indicated,
and 170 psi. The quantity went down %o
L0 and the pressure never went less than
about 172 psi which indicated that the
secondary propellant valve had already
been opened at some point. 2Because
these switches are spring loaded, it
seems lixe 1t might be a gcod idea to
guard these particular switcnes if you
warted to ve certain thnat you did have
switchover at the proper time, or that
the secondary switching was available.
On the propellant isolation valves,
prior to trangposition and docking or
the sevarstion from tae 5-1VB, they all
indicated gray. Oubseguent to tne sep-
aravicn and the turnaround, in discover-
ing we nad no left translation, we found
thg% the primary and secondary guad C
isclation valves were closed as indicated
by barver pole talkbacks and that the

secondary gquad D isclation wvalves were

S S
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closed as indicated by a barber pole
talkback. We are reasonasbly certain this
did not occur because of any manual con-
tact with the switches, and this may
also be an indication that the quad C
secondary propellant wvalve had opened
prior to the point in the flight when
we expected the quad C primary system
to deplete to the point where we were

to open it manually. After discovering
the barber poles during transpesition
and docking, the switches were activated
to open the lsolation valves and all

performed nprmally.

During the descent on the mains at the
conclusion of the CM RCS dump, a large
red cloud engulfed the spacecraft. The
CM RCS injectors remained at a relatively
high temperature throughout the flight
and I believe we never got less than

4.8 volts indicated on the systems test

meter.
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6.5 Electrical Power System

SCOTT

SCHWEICKART

The condenser exhaust temperature on fuel
cell 2 exceeded the caution and warning
limits early in the flight. They remsined
high throughout the daytime activities
when we were powered up, and went down
during the night when we were powered
down after the 02 purges. Finally, after
two long H2 purges, after day 5, the en-
tire fuel cell seemed to get well and
cperate normally throughout the rest of
the flight. During this later portion

of the flight, we kept the power level
relatively constant throughout the day
and night cycle.

On one of the first fuel cell purge

cycles, the O, flow on fuel cell 2 in-

2
cregzsed to 8 much greater extent than
nominal. The fuel cell 2 warning light
came on. It was noticed that the DELTA
in the 02 flow, for the purge on fuel
cell 2, was indeterminstely high —

indeterminate because the gage was pegged

at the top of the meter. We couldn't
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6.5.10 Cryogenic System

SCOTT

determine how high the flow was, but this
phenomenon exhibited itself through sev-

exal cycles on the O, purge valve. How-

2
ever, on all subseguent purges, the purge

flow was completely normael. BSco this re-

mains as an unknown.

The primary problem was in the Hg' We
spent & considereble amcunt of the flight
time changing switch configurations and

adjusting the pressure on the H, tanks,

2
purging, and e number of assorted tech-
niques, to try to maintain the H2 tank
presgures within the limits. And one
problem was that the normgl operating
range of H2 tank 1 was below the caution
and warning limit which provided a num-
ber of pericds with the caution and warn-
ing light on. This necessitated going
to an acknowledge situstion and a cau-
tion and warning panel which further
complieated malfunction detection.

Another associated prcblem was the occa-

sional interruption of sleep cyeles to
.
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adjust or turn off a caution and warning
light. The first time we got a cryo light
on the I, was k0o minutes into the flight.
We had one off and on for the rest of the
flight. The entire operation of switch-
ing heaters from AUTO to ON and fans from
AUTO to ON for the E, systems ‘should be

2

automatic,

6.6 Environmental Control System

£.6.2

SCOTT

Cabin Atmosphere

SCOTT

Early in the flight, it was noted that
the surge tank pressure was low, and upon
checking the turn-on valve it was found
that it hed to be turned approximately

30 degrees past the ON position to fill
the surge tank. In other words, the
looseness and the sloppiness in the valve
turn-on resulted in our thinking that the
surge tank had been filling or was on,

and it actuslly was not.

We found that it was necessary to locate
the hoses properly tc provide amdequate

circulaticon throughout the cebin and

ORI
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meintain an even cabin temperature. The
screens on the hoses worked very well.
There was ne need to detect any glycol,
but we did have a quantity of water on
the floor after the SPS burns number 5
and numbef T. There was a considerable
amount of water on the center of the
floor. The source was the ECU. We never
had the copportunity to open up the panels
and get in the ECU to find out the exact
point at which the water collected., It
looked like the amcunt of water was

4 ocunces or so.

I locked at_the ECS plumbing lines,
prcbably five or six times during the
flight. They were always wet, not all
of them, but the ones that were cold
were wet., There was only one time that
there waes an excessive amount of water

on gny of them. I think that was probably
on the dsy befcre RETRO. There was &a
gregt big gob of water on one of the
lines. I took the little vacuum clegner

and sucked it off and locked at the rest

SO EFrivign
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of the lines, which had little droplets
toc small to vacuum up.

The cabin seemed to¢ have ccnsidersbly
more particles after we had opened the
hatch and gone into the LM on each of the
IM days. After the EVA, the cabin had
cleaned out considerably. Bu£ still, on
getting into the LM, we had more fleoating
particles. After the LM was gone, the
cabin seemed to clean up much better and
we had a lot less lint and fewer particles
on the screens. Toward the end of the
flight, the amount of debris picked up on
the hose screens seemed to increase al-
though the amount ¢of debris on the suit
circuit return valve screens seemed to
decrease. DBut overall, the cabin.got
cleaner as the flight went on. Odor re-
moval seemed to work well and tHe cabin
seemed to clear out in 5 minutes, One
other item in the ECS was the cabin fan
failure which occurred at approximately
153 hours in the flight. We had cabin

fan number 2 on, end the cabin tempersature

[ - e N
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SCOTT

6.6.3 Water Supply System

SCOTT

had risen to T5 degrees. We turned 2 off
and 1 on, and spparently cebin fan num-
ber 1 4id not work. Jim reached in and
felt that the housing sround the fan was
hot. After about 3 minutes, we turned
fan 1 off and pulled the circuit breakers.
We did not use it any morelduring the
flight. On visual inspection of the fan,
we saw a plece of Velecro webbing in the

fan blades. It looked like it was a

"piece missing off the DSKY table in the

LM, It looks like the particles that got
into the fan must have entered through
the front, the exit point of the fan, It
is recommended that perhaps & screen be
placed over the exit hole to prevent

pieces from drifting in.

Associated with the waste tank servicing
valve was the necessity to gather a number
of parts and pieces to dump the waste tank,
whieh was a time-consuming, inefficient,

process, particularly because of the

GSOMHEPTITAT
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storage locaticns of all these pleces

and different boxes throughout the space-
craft. It was noted at gsbout 175 hours
that the captive wire on the waste tank
servicing port cap came off the cap. It
remained attached to the panel and got

in the way of the cap when the cap was
replaced. On chlorine injection, it is
recommended that the chlorine be put in
the water system at night prior to the
sieep period to enable it to mix witna

the water so ycu don't have a slug of
calorine when you try to drink it. Even
when this was done st night a number of
hours later, we did get a high concentra-
tion of chlorine from several squirts

out of the water systems,

I'd like to discuss the food preparation
and the drinking water together. Early
in the flight we were drinking water out
of the water gun and it was coming through
with 2 large amount of gas in it. As
soon a% I had had a good drink of water,

I could begin to feel my stomach rumble.

“CQLD s
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It felt like I was blowing up like a
halloon. We uged the water gun for a
while at the beginning of the flight
because we did not always have time to
£ill a bag full of water and try to sep-
arate the gas out that way. During the
early parts of the flight, I think we
were all bothered by the gas in our
stomachs. Throughout the flight when
we were preparing food, we got great
gobg of gas intc the water bags. On a
number of occasions I managed to fill a
focd bag with hot water so that it was

a fairly hard cylinder with only two
squirts from the food preparstion gun.
Normally, if you're putting Just pure
water into the thing, you can get T or

8 squirts at least., It was an indication
of the amount of gas we were getting in.
Sometimes the bags were at least half
filled with gas. For the last 4 or

5 days of the flight, we attempted to
drink only from drinking bags. We found

thet this, in some way, alleviated the

CONPDERTHAL
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MeDIVITT the gas problem, although it was a far
cry from what I would consider to be

even & semidesirgble situation.

6.6.4 Water—Glycol System
MeDIVITT Prior to launch, we were alternately hot

ar:d very humid. I shouldn't say hot, I
guess very humid, warm, or cold in the
suits. This was a repest of what had
happened during couﬁtdown demonstretion
tests except that we started using the
suit heat exchanger bypass valve earlier,
and did not get quite as cold as we had
during CDDT. It turned out that the
CDDT changer bypass velve could nct be
modulated in small incremeﬁts. It was
reguired that we modulate the valve in
20-second increments which I believe
was changing the valve from full open
to full close. We were at one extreme
or the other extreme and never reelly
at a comfortable position on this par-
ticular valve. Once we got into orbit,
we found that the mecdulation was not

required when we had it in full flow
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and we remained comfortasble the rest of
the time,.

We had one asnomaly with the ECS radiator
flow control. One night, it automatically
switched to secondary proportioning valve;
Subsequent msnual operation to the pri-
mary resulted in no furtﬁer problems.
After going manuslly to number 1, we

later switched to AUTO and it guit run-

ning properly for the rest of the flight,

The suit inlet temperatures during flight
and those experienced during operation

on the ground were gquite similar, but

the sensation in the suit was extremely
different. I should also point out here
that the CDR and the CMP had a different
sensation than the LMP, whose hoses were
considerably longer. It is probable

that the heat exchange from the hose to
the cabin over this long run would tend
to modify the flow that his suit actually
received. Prior to RETRO, we cold soaked

the csbin and actually detected the

~SQAEIDENTIAL..
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MeDIVITT decrease in the cabin temperature, al-
though it wes not = drastic decrease.
It went down probably 5 or 6 degrees.

SCOTT Is a grounding strap really needed on
the LiOH canister? It requires a lot of
extra work,

SCHWEICKART The cabin air return valve had a sticky
handle. It was very difficult to open
and close., I guess we knew this prior
to flight énd it never improved any dur-
ing flight.

McDIVITT Prior to the 1lift-off, I had some of our
people check to ensufe that the 1ithium
hydroxide canisters were labeled properly,
so we would not get them mixed up in
flight., I was assured that each canister
was labeled. In orbit, we started to
perform our first lithium hydroxide can-
ister change following the instructions
in the flight plan which were quite spe-
cific in telling us which box to open and
which one to pull ocut. We went down to
the box which contained the requisite

nunber of lithium hydroxide canister.

: ‘:‘:’F‘lElE;Iih “II ﬁl LY
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After opening the box, we found that the
lithium hydroxide canisters were not
individually marked. They all had a
bunch of useless numbers, like part num-
bers, drawing numbers, and things like
that that were sbsolutely of no operational
use to us., It turned out that each and
every LiOH canister looked like every
other LiOH canister. Now, this is fine

if one has plenty of time to start paint-
ing canisters in orbit. We were extremely
busy during the first part of the flight
end had to tske an additional smownt of
time to get the tape out and label the
canisters as to which time it was used,
when it was changed and stowed. Now it
turned out thet some of these.canisters
had to be reused at the end of the flight,
Therefore, after we used the canister we
couldn't afford to get it mixed up. When
we placed it back into the suit loop, into
the LiOH canister holder, we had to tear
the tape off {because it was & forelgn

object) and try to stow the tspe someplace
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MeDIVITT where it could be found later to put it
back on. It seems to me like there should
be painted numbers on the LiOH canisters,
as well as a decal or something so that
we could mark when they had been changed,
and what the P002 was when it came out,
This would certainly be worthwhile. It
could really cause a problem 1f we had
put a used LiOH canister in cne of these
things and had the PCO2 gquantity warning
light come on during an EVA or a rendez-
vous. We would have had to go change
the LiOH canister in a less than desir-
able situation. We could have hac
pretty bad results from a simple little

misgion like this.

6.6.6 Gaging System

MeDIVITT The gaging systems worked properly.

6.6.7 Waste Management System
MeDIVITT The waste management system left a little
bit to be desired. The roll-or cuffs
that we were supplied with in the space-

eraft were of a number of different sizes.
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In some cases they didn't match the ones
that we were launched with in the suit —
in other cases were too large or too
small., Tt seemed like a little coordina-
ticn between the people that placed the
roll-on cuffs in the spacecraft would
certainly alleviate some of our problemﬁ.
It turned out that some people use only
the UCD's because they had the cuffs that
would fit. Other people use only UCTA's
because they had the cuffs that only
would fit. Therefore, we ended up with

a management job 6n the waste management
system that didn't necessarily need to be.
As to opergtion of the plumbing portion
of the system, it was certainly adequate
and we had no operational or draining
difficulty with the bladders. Of some
interest is the fact that whenever we
had a urine dump we could see the dump
matter being deposited on the different
windows and on top of the LM, After scome
time most of this dissipated; however,

the left-hand (number 1} window began to

COMEREDL bt .«
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MceDIVITT accumilate particles. At the end of the
flight, it had considerably more particles
on it than it did at the beginning. I'm
sure that this was due to the urine dumps.
Pricr to flight, we had some discussion
about the size of the hole in the long
underwear as to whether it should have
g drop seat, a long slit, a flap, or one
of a number of gther things. In an effort
to keep down the changes, we agreed to go
with whatever size heole we had in our
underwear. I must, at this time, say
that they were indeed too small. The
s8lit should have been ancther 6 or
8 inches longer than it was. I ripped
mine early in the flight Just to provide
a reasonable size hele there and after
that it seemed to cperate properly.

Some of the people feel that the removal
of the underwear is the best attack to

the problem.
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6.7 Telecommunications

£.7.2 Individual Audio Center Centrols
SCOTT Audic center number 10 panel is very

inconvenient to operate,

6.7.6 S-Band

SCOTT On the S-Band volume amplifier, we had
to switch to the secondary power amplifier
during one of the rest periods at night.
Everything appeared to work normally from
that time on. The rendezvous radar trans-
ponder worked properly. The dump check
was within limits and I got one data point
at 67:19:00 during the rendezvous; the’
voltage was 2.3 and the range was approxi-

mately 50 nauticsael miles.

6.7.7T Tape Recorders
SCHWEICKART There was a moment of hesitancy just
prior to the deorbit burn when operation
of the tape recorder reverted to manual
control. According to the checklist as
updated by the ground, I was to place

the tape recorder to FORWARD, HIGH BIT

-SSR LLAL—
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VOX Clireultry

SCOTT

RATE in RZCORD and trhen position the UP
TELFMETEY command resct switen to REBET
and then back to NORMAL at which time

the recorder shouid have Tegun operation.
Although these precedures were Followed,
the tape recorder talkback remained bar-
ber pole, There was no time to trouble-
shoot it because the average g was already
on and we were down tc the point of ullag-
ing for the decorbit burn., The rnext time

I looked back at the tsalkback was during
or very shcrtly after the burn and =i

that time 1t was indicating zray. I do
not know wihether it was commanded ON by
M8FH or whether there was a time delsy
associated with starting the tape re-
corder.

I'd 1like to comment that the ground did

g good Job handling the tape recorders,.
With exception of the deorbit turn that

was all hardled by grcund HETC's.

The VOX circuitry worked very well except
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for the time delay after the termination
of the voice. Because of the long time
delay, confusion resulted during the EVA
portion of the flight. Because the CDR
in the 1M was not awasre of the long delay
time, the transmissions became confusing.
It's recommended that perhaps the delay
time be reduced to something comparable

with the 1LM,

It is recommended that the ARTA aircraft
be in a standby basis as they were during
the later portion of the flight and be
used only when requested. Several times
when they were automatically up and trans-
mitting, tﬁe noise was so loud that the
rest of the communications between the
two spacecraft was completely distorted.
This made it very difficult to square
away the COMM situation. This occurred
even wWhen the spacecraft was operating

solo.
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6.8 Mechanical

5COTT

6.8.1 Probe

BCOTT

ST

Most of this has been discussed within

the context of the operational flow.

The only anomaly noted was on the probe;
the extended latch was not completely
over the roller at the completion of the
IM docking and had to be closed with the
preload handle. Prior to the LM separa-
tion and rendezvous, latches number 1
and 8 appeared to malfunction until they
had been cycled, This 1s discussed in
the rendezvous portion. It might be
noted that the stowage of the probe, the
drogue, and the hatch in the command
module during intravehicular transfer
worked out very well using the locations
in the LEB. The probe was placed under
the right couch seat pan, the drogue was
placed on top of the probe and segat pan
combination and held down with the probe

retention straps.

GORLEIPET
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The side hatch worked very well with the
exception of the counter balance arm
connection roller. The piece on the
hatch to which the counter bhalance is
attached with a pit pin rolls along the
hatch connection on two rollers, It is
supposed to be captive and is not exactly
optimum because one of the two rollers
came out during the EVA. They slipped
over the bar which 1s supposed to retain
it in a captive position. And the hatch
gearbox shear pin indicatcors are unaccept-
able and should be re-marked to engble

a more direct interpretation of the posi-
tion of the shear pin.

On the overall operation of the gide
hateh, if the gear box fails, there
should be more information and descrip-
tions on backup hatch-closing techniques
and procedures relative to the gear-
linkage disconnect and lockup. Also the

use of the jack screws could be improved,

L.
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7.0 LUNAR MODULE SYSTEMS OPERATICNS

7.1.1 PGNCS

SCHWEICKART

The LM inertial subsystem operated sas
expected. I think the only thing deserv-
ing of comment was that the IMU docked
alignment (which had been developed to
relieve the requirement for maneuvering
thg docked combination to obtain an atti-
tude reference for the IM) worked as it
had during the simulations. I think that
the GYRO torquing angles, which were ob-
tained with active alignment following the
undocking on the rendezvous day, were good
evidence that the docked alignment itself
was very accurate., Following the last
docked IMU alignment, and following sepa-
ation and undocking, an active LM elign-
ment was performed and the resultant gyro
torquing angles were minus 0.09, minus
0.076, and plus .11l degrees. The star angle
difference on this alignment was five
zero's. These gyro torquing angles were

cbtained during sbout 2.5 hours between

V= EGTIT SN
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the last docked realignment znd the =zctive
IM alignment after undocking., I guess

the primary point In oringing this up is
that the docked IMU alignment procedures,
in cocrdination with the ground updating
of the gyro torquing angles, appeared to
work very well. In fact, quite a bit bet-
ter than we had anticipated prior to
filight. I think this is a very powerful
tool which ought tc be emplcoyed in future
missions for freeing the timeline from

the constraint of having tc do an align-
ment av night, and maneuvering the docked
vehicles., This alignment can be done very
rapidly and has no constrainis other than
that the command mcdule platform be up

and aligned, and that the IM platform alsc
be up. The other cbvious advantage of
this type of alignmert is thav there is
egsentlially zerc fuel regquired to obtain

a very good aligrment of the LM platflorm.
The only requirement preflight, $o obtain
thi=s type of accurzcy in the docked align-

ment, is that the relative geometry between

“COMARENIAL -
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SCHWEICKART _ the two navigation bases be very well
known. There have been techniques devel-
oped which would permit these measurements
to be made at the manufacturing plants
prior to the shipping of the wvehicles to
the Cape. However, these do involve some
minimal time in the flow of ithe vehicles.
In our opinion, this required time is well
spent; however, this is a very controversial
item.

MeDIVITT I'd like to comment a little on spacecraft
attitude control system here, We used
PGNS in PULSE, ATTITUDE HOLD and AUTO. In
each one of these modes the digital auto
pilot performed up to my greatest expecta-
tions. There was no unnecessary limit
cyeling and T think that it's an excellent
control system. The only reason I'm men-
tioning it here is I'm sure there was a
lot of interest in finding out how it per-
formed. TRather than Just skip it and say
it's nominal, I want definitely to say

that T think it was a good control system.

ORI BT, ¢
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Under Thrust Vector Control, one of the
items that locked, preflight, like it
might be very interesting — was the dock-—
ed DPS burn without any RCS engines fir-
ing. Tkis was much betier than we had
expected. The attitude excursions were
down to a couple of degrees and the resid-
uals were very low, It performed again —
as good, or better than — I had expected,
probaply better than I had expected. All
the other thrust vector contrcl cperaticns
were good. The attitude excursions were
usuzlly less than a couple of degrees,

and certainly within the reslm of wha?

cne would expect with the RCS engines,
throttlable DPS, or the fixed APS.

On the optical subsystem we found that,
much to our surprise, we could actually
see some stars in the daylight. The first
alignment was made with the sun still
shinirg on the IM, We took ten marxs,
five X and five Y marks on Sirius in the
daylight. 1 was not only able to see

Sirius, but could aisc see Canis Major and
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McDIVITY identify it as the constellation with the
bright star. We have made an AUTO maneuver
to the star. Weo were able to do this be-
cause of the previcusly mentioned docked
IMU alignment.

The dirmer contreol worked fine. I used
the technigue of dimming the reticle as
the star approached the X and Y lines tc
ensure ihat Lhe star was under the line
and being blanked out by the line at the
time I took the mark. The technigue of
dimming the reticle, and then brightening
it up is a technique that woerked very well
for me. I migat add that we only uscd
the AOT in the fcrward detent for align-
ments, and it worked wvery well. The cor-
relation between left and right, and up
and down as viewed thrcugh the ovtics
(and what one really had to do to make
that nappen) was very good. The field of
view was what 1%t was supposed to be —

60 degrees. When we placed the radar to
the 283-degree shaft position, it was out

of the field of view in the A0T. We pulled

2 TSNPV
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the circuit breskers and left it in this
rosition and even though the spacecraft
was maneuverlng around, the radar stayed
out of the fielé of wview and was nco factor
whatsoever in alignments.

There did not appear to be any parallax
in the AQOT. In attempting to focus the
AOT, T did have some difficulty focusing
the stars and the reticle all together.
Throughout the simulations, we had had
troucle trying to get the image of the
erogsshalr and the Image of the star in
the same place. I found that even in
flignt we had trouble — I had trouble —
with positioning my eye so that I could see
everything. Quite often, I would see the
reticle and not stars, or the stars and
not the reticle. I should add kere, that
I was not using the rubber eyepiece and
that I had plenty of room to move my
head. I'm sure that this was the reasomn.
But it did become aggravating at times.
1t is also worthy to note, I guess, that

we can see through the telescope with
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our helmets on. Wwhen the radar was stowed,
we could lcox through the telescope and

see that it was slowed right in front of
us. We also used the AQT to watch the
radar come from the stowed position arcund
to mode 1. One thking that T 4did find to
be gquite aggravating was that the reticle

Fa

and the stars 4id not appear Lo be Tocused
gt the same voint asnd that I could, in
roving my head arcund, get the reticle in
focus and the stars cut of focus, or vice
versa.

I found thkat in the time-criticel situa-
tions we had — where we were trying to
get these alignments in, just an asbsolute
minimum amount of time — that I could

get the star near *the cross of the reticle;
Z alsc found i7T I mcved my head just thre
very slightest amcunt that cne of the two
of them would disappear or wculd become
dim or cut of focus. While I'm sure we
are not going to change the design of the
AQT, T think it's certainly worthwhile for

the people who are going to use it to be

S Sl
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aware of this. I found it to be quite
similar to the way the cptics operated

in the IM8. To clarify I should also
mention here that T think that in no way
is it unusable. It is just that it takes
a little bit longer to use them than T
wanted to spend during the mission. It
was a rather aggrévating situation, espe-
cially on one occasion where we got a very
nice star crossing on the ¥ line, and it
turned out that just as the thing crossed,
I lost sight of — I believe the star —
because I managed Lo move my head a little.
While I was doing these star sightings, I
was not restrained to the floor; and I

was holding on to the AOT guard, the pipe,
the guard built out of the aluminum pipes
that goes around it, and the control box.
I had no difficulty whatscever floating
there and actually making the marks. In
simulations we found that when I did this,
I got in his way. We would end up folding
up the table that went in front of the

DSKY. Let's ssy we had some interference,

SOk
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McDIVITT tut that we had expected it because we
ran across it in the simulations. What
Rusty did (and I did rot see him doing
it) was fold up the table orn top of the
DSKY, when we got the flashing VEEB 5L
(which indicated to start taking marks)
and ther he unfolded the table when we
were ready Lo do our maneuver to the next
star, One thing that might be worthk men-
tioning here, and it's Just an opinion;
there has been much discussion abcutb
whether cr not cone could mzke a star ACT
alignment on the lunar surface. We dian't,
obvious.y, have the kind of environment
that one would have on the lunar surface;
but we did make the first asignment on
Sirius, as I menticned earlier, with the
sun over cur shoulder, the way you would
expect it to be on the lunar surface.
Hdowever, there were no objects in front
of us tc reflect light back inte the AOT.
The guard that we had around thne AOT cer-
tainly xept the light from ihe zun, which

was behiné us, out of the AOT and there

COMRBENTH
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wasn't anything in front of us to reflect
back. ©Bo I did see the star in the day-
light and whether or not I could have
seen it on the ground would, T think,
depend entirely uﬁon what the lunar re-
flectance into the AOT itself would be.

I might also add here that here were a
couple of pieces of debris on the AOT.

T could see two black spots on it, cone of
them quite close to the center, and T
think the other one was off to one side.
They did not interfere In any way with
the alignments. When we were looking
down on top of the IM from the command
module, we could see all kinds of white
spots all over it. As the {light wore

on there were a whole bunch of white par-
ticles that had collected on the left-hand
(number 1} window on the command module.
My personal opinion is that these parti-
cles came from urine and water dumps

that we were making, and I wouldn't be

a bit surprised if the debris on top

O Eriptirich=
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McDIVITT of the AOT were a result of one of these
dumps .,
When we unlocked the rendezvous radar
and slewed it around to the front, we
were able to monitor 1t with the AQT;
it tracked right on around and operated
Just the way we had seen it in the simul-
ations and in the tests on the ground.
We were able to slew it left, right, up,
down, and all the ways that it was sup-
posed to operate. It operated properly
under LGC control. We had mentioned
earlier the problem that we had with the
rendezvous radar self-test. When it was
in the stowed position, we were unable
to indicate a range Input to the computer,
except on one occasion, and we did the
test a number of times. However, once
we got the thing unstowed and operated
it in 2 normal mode, we found that it
operated very well.
In watching the AGC during the rendezvous,
I was pleasantly surprised to find that

the actual signal strength, when compared
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MeDIVITT to the card that we had (which was sup-
posed to demonstrate the signal strength-
versus-range data), was a little bit above
it all the way through. I've got some
numbers here that would be of some interest,
I believe. At LS miles, T read an AGC of
2.0 at B85 miles I read an AGC of 2.19;
at. 98 miles, which was our maximum range,
I read an AGC of 2.17; and at 52 miles,

I read an AGC of 2.39, which correlates
very closely with the 2.4 at LS miles.

Tn all instances, I was able to determine
from the AGC signal strength that I in-
deed had a main lobe lock-on. T did about
half the lock-on verification optically
and the other half using the signal
strength. When we compared the shaft

and trunnion readouts through the DSKY,
and the display of the shaft and trunnion
error needles, we found that they were

in very close agreement.

When we also compared the range and range

rate from the tape meter with that read

L aaivima i
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cut in the DSKY, we found that they were
in very close agrecment.

In tracking, we used the pulse mode most
of the time and were generally able to
track and keep the vehicle withir 10 de-
grees of the proper attitude and generally
within 4 or 5 degrees of the zero on the
Z-axls. Acguisition time was nominal;
there was nothing abnormal about that.

One thing that was of some interesi: when
I did a couple of manual slews towards
lockon, I roticed that we really had three
lobes that I could see. We were at moder-
ate range then. We had the malin lobe,
wnich was guite prominent, and ther we had
the first side lobe; ther I noticed another
side lebe. I didn't siew it out to see if
we had other side lobves outsice ¢f that.

I telieve the slew was in the plane of

the crtit so that I woulda be slewing up
and down while I was pointed at the tar-
get., I should say that we never really
have seen anymore than the second side
iobe in any of cur simulations. It wasn't

a factor; it was Just an interesting

GO Grict- »
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point. This was in the IMS simula-
tions. I think I would like to sum

up the operation of the radar here

ard say that it performed almost perfectly.
There was only one ancmaly that I roticed
tkrough the whole thing anc I'd like to
expand on that a little bit right =at

this time. I was using the AGC signal
strength as a "howgozit" all ithe way.

I checked it, probzbly every 30 seccnds,
for the 6 cor 8 hours we were separated.
It behaved Jjust exactly as I had expected
it to behave, except just prior to ZPI.
I'm not exactly sure of the Lime. I'm
sure if wo ge back and lcok =zt the dala
we can get this Trom the downlink; but

et approximately © minutes or so, the
signeal strength started decreasing from
about 2.5 {or 2.6, or whatever it was)

st that range of approximately 35 or

Lo miles. Tt very gradually went down

to 1.6 and then very gradually came back
up again. The command module at this

time wes not making any maneuvers. It

ARG Bt
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MeDIVITY wag probably pointed rignt at the IM,
at least until the TPI minus S5-minute
point. The IM was not meneuvering be-
cause we were going 10 do Z-axis thrust-
ing {which meant that we were going to
thrust with the Z-axis pointed right at
tne spacecraft), and because we were
already in that attitude, I didn’t have
to meke any maneuvers. S¢ for scome
unknown reason, the signal strength went
down very smoothly from arcund 2.5 to 1.6
and then very smoothly back up to what-
ever it was. It took about 3 or 4 minutes
for this trensition to take place. At
the time I thought, "Well, the command
module was maneuvering and I may break
lock because he's going to be pointing
+he wrong direction"; but 10 minutes
later it dawned on me that he reaily
hadn't done any maneuvering, or cer-
tainly no gross maneuvering, and that
we had nad an anomaly at that time.
It is alsc interesting to note here at

the CDH maneuver because we had some

COPHHBEN A
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MeDIVITT vertical component in the burn. When
we maneuvered around to the burn atti-
tude, the radar stayed locked on. It
stayed locked on, I believe, all the
way through the burn. After we finished,
we were doing the postburn checklist and
were just about to start maneuvering
back to the tracking attitude, when the
radar broke lock. (I think if we'd been
30 seconds quicker we'd have been able
to get around without the radar ever
breaking lock, and would not have had to
go through the lock-on agaln, although
the lock-on was nc problem.) We locked
on and were able to verify from the
signal strength that we had indeed had
a primary lobe lock-cn. I might add
that as we went through the zero-range-
rate point, both on the maxi foothall
and at 98 miles, we got the red light
flashing on and off and the range rate
tape — just the way the book says it
will do when we have low range rates.

I don't recall this light flashing on

SIS EFhiee
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MeDIVITT and off at any other time during the
mission, although it may nave. The
radar stayed loczed cn as we came intc
very close range of the command ncdule.
As s matter cf fact, when we were 1n a:
about 2% feet or sc, we tried to break
lock Ty marually slewing the antenna.
We slewed it to botk up and down limits,
and were unable tc make 1t break lock.

SCHWETICKART I was monitoring the rader temperature
throughout the rendezvous and from the
several points that I plotted on our
onboard chart, 1t anpeared that the
antenna temperature a> 211 times was on
the order of 5 to 10 degrees below the
cxpected temperature curve.

The landing rezdar coperated as exnocrted,
at no time during the various operations
of the landing raiar was there any
tendancy to lock on to a spur, at least
rot one that could be detacted visually
on the ecross pointers and the altitude/
altitude rate tape. The landing radar

antennsa temperature during tne docked
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JP8 burn had beern reported earlier.
Pricr to the burn, it started cut at

81 Gegreces, worked ils way uv to just
about 10C degrees by the time the
€-minute burn was completed, and peaked
out after the turn az apout 1.0 degrees.
The computer subsystem cperated in a
completely nominal marner. At nc time
did we experience any uncxpected or un-—
expiained program alsrm cr restarts.
The cnly other commert that might e
wortnwhile mentioning waz that on
pewering up the LGC on the rendezvous
day we had expected tc find the compu-
ter In standby after closing the LGC
DSKY breaker (because we had powered it
down in standby on the systems day).
This did not Turn cut to be the case.
After pressing the LGC JSXY breasker to
CLGSE, the computer was witnessed to be
in P06 with a flashirg VERB 37 on the
DSKY .

AT no time In powering up or powering

down the IGC was an LGC or CMC warning

Sl el



SCHWEICKART light seen to appear on the panel 1
caution and warning. There were never
any PGNS, caution and warning lights
on during the flight with the exception

of the VERB 35 DSKY light check.
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SCHWEICKART All G&N controls and displays operated

in the manner expected,

There were no anomalies on the rotation
hand controllers or the TICA's. The cold
fire check which was run is an excellent
check of all the switching and interface
between the hand controllers and the com-
puter. The check was performed very rap-

idiy and in a completely nominal manner,

T.X.2 AGS

SCHWEICKART All of the AGS alignments were as expected.
I had the impression at one point during
the flight {and I cannct recall exactly
where) that I did see the CDU glitch on
attempting to align tﬁé AGS fo the PGNS.
When I compared the AGS and PGNS attitude
display on my FDAIL, there appeared to bhe
about a l-degree difference between them.
I repeated the LOO to plus 30 000 several

.

times and it did not appear to remove this
l-degree difference between the two dis-
plays. There was not time to investigate

this further at that time and all

"CONHE BN e -
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SCHWEICKART subseguent alignments were completely
normal. I could not visually detect any
difference between the AGS znd PGNS total
attitude.

Inertial reference appeared to be come
pletely nominal with the single exception
of the 407 switch jumping to its state

of plus 10 QOO0 prior to the ullage maneu-
vers. This was a considerable bother —
if one wanted to compare the PGNS and AGS
attitude errors coming up on a burn —
because it required babysitting to insure
that the LOO remained at plus all zeros
rrior to the burn.

The only automatic or semiautomatic maneu-
vering done under AGS control was the
phasing burn and the ATTITUDZ HOLD Just
prior to the phasing burn. This ATTITUDE
HOLD mode in a local vertical attitude
appeared to work as expected., There did
not appear to be excegsive RCS activity
in working up to thnat burn, and the
powered={light control appeared to be at

least as good as we had witnessed in the
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simulations. The residuals at the phasing
burn were very good: minus 0.9, minus
0.8, and minus 0,6 ft/sec al cut-off,
(Those residuals were the PGNS residuals
following the phasing burn.) As reported
earlier during the rendezvous debriefing,
at no time during the rendezvous was there
greater tnan 1 ft/sec left 1n 500, 501,

or 502 after burning the PGNS residuals

to zero. The largest residual seen on tre
AGE were those following the docked DPS
burn and the largest there was 5 *t/sec

in Y, and that was after a 1740-ft/sec
burn,

CoM acguisition was not employed under

AGE control during the mission.

Under AGS initializaticn, we received
quite a surprise, when in irying to ini-
tialize the AGS the first time, 41b did
not jurip bacx to its initial state of

vius all zeros following the PNGS trans-
fer of the vector. After a slight delay,
we Were advised by the ground that it was

required that the PCM bit rate be in HIGH
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to update the AGS successfully. This was
new information to us. To our knowledge,
no one with whom we came in contact
through ocur training cycle was ever aware
of this, or at leasi never advised us of
this situation. We had experienced a
similar problem in updating the AGS prior
to flight in the LMS, but this was never
related to the positiocon of the telemetry
bit rate, and always appeared to be an
LMS5 problem in the AGS simulation. We
did not receive a K-factor update from
the ground for the AGS; that is, on ini-
tializing the VERB 47 AGS zero time, we
used 40 hours on the systems day and

90 hours on the rendezvous day and did
not receive any updating of that tine.
The AGS calibration worked essentially

as we had simulated it on the ground.

We found no difficulty, once the initial
attitude was obtained by the CSM, in
avoiding the CDU switching attitudes for
the 5 minutes plus of the calibration.

The accelercmeter bias calibrations

CORbiDrinirtiey
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appeared to be very, very conslistent, with

the only change being witnessed on the
first calibration of the flight. There-
after, the accelerometers never changed
their bias. The gyro compensation numbers
did vary up to 0.2 degree from one cali-
bration to another. There did not appear
to by any systematic shift in the gyro
compensation.

Rendezvous radar navigation into the AGS
(zs was mentioned earlier) appeared not
to work as well as we had witnessed this
process in the simulations. The operation,
as Tar as the crew actlivity was concerned,
presented about the same degree of diffi-
culty in positioning the Z-axis of the
spacecraft to update the AGS. This was
not a difficult task, although it did
require precise control using MINIMUM
IMPULSE mode on the part of the commander.
The effect, or the power, of the updates
did not appear to be as pronounced in
bringing the AGS range/range rate into

accord with the PGHS or range/range rate

CONEEALLAL
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readout on the tape meter (as we had wit-
nessed on the ground). My own personal
opinion on this, which doesn't have any
substantiation yet, is that this is pri-
marily due to the fact that the AGS model
in the LMS has a greater word length than
the actual AGS, and that this gives a false
impression of the granularity of the AGS
displays.

Engine ON/OFF commands under AGS control
appeared to have worked at least as well,
or better, than we had witnessed on ground
simulations. The phasing burn was ini-
tiated with two-jet ullage and there was
no hesitancy in the AGS startup. The
initial thrust transient on startup of
the phasing burn was fairly rapid. We
did not see a delay of 4 or 5 seconds in
the thrust buildup. It appeared to come
on with no more than a Z-second-buildup
time to 10 percent. There was no gques-—
tion of when the ullage, the manual ull-

age, should be released at ignition.
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As far as the DEDA was concerned, the only

anomalies thal were witnessed in handling
the DEDA was the illumination of the
OPERATOR ERROR light in conjunction with
the.pressing of the CLEAR button. This
did not seem to be associated with a weak
depressicn of the CLEAR buticon, but seemed
almost a random occurrence. On several
occasions, 1t was necessary to depress
the CLEAR button three or four times
sequentially before the OPERATOR ERROR
light weould disappear and further opera-
tions on the DEDA could be performed. As
I say, this appeared to be almost a ran-
dom ocecurrence, and 1 was never able to
correlate it with any particular opera-
tions or mode of programming in the AGS.
On the caution and warning alarms on the
rendezvous day — from the time the AGS
was powered up until the jettison of the
LM for the APS burn at depletion — the AGS
warning light on panel 1 was illuminated.

Following the rendezvous, a short test

was made by powering down the AGS and

CORLRD ML
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repowering it, after resetting the cau-
tion and warning to see when the light
came on in the sequence. The caution

and warning light came on when moving
the AGS status switch from OFF to STANDBY
and did not disappear or would not in
any.way extinguish after resetting the
caution and warning systenm.

The €8I, CDH, and TPI program; appeared
to operate pretty much as expected.
Although again the solution displays —-
the DELTA-V solutions — did jump around,
fluctuate, to a much greater extent than
was ever wWitnessed in the LMS. I had
anticipated this, because I had run
several simulations 1n the FEMS at Grum-
man using an actual AGS. 1In those sim-
ulations, T became aware that the actual
AGS performance in displaying maneuver
solutions was considerably inferior to
the nice steady displays we saw on the
LMS.

The external DELVA-V programming appeared

te work in a completely nominal manner.
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The AGS followup during the rendezvous
profile was as expected on all burns,
The AGS was targeted with external
DELTA-V from the NOUN 86 read-out from
the PGNS thrusting program, with the
single exception of the phasing burn,
for which the ground pad values for the
AGS were loaded. This was due to the
fact that a throttle-up was performed.
The NOUN 86 values were computed based
on a l0-percent profile.

On TPI and the midecourses, rather than
using the external DELTA-V targeting
(AGS registered 404, 405, and %406) the
AGE were zeroed. Monitoring was per-

formed by reading out 472, 471, and W70.
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The descent engine worked very well, a
nominal kind of performence throughout
tne mission, except for the first start
after the LO-gsecond SPS burn. This was
a phasing maneuver, and we had some
rough combusticon. We had about 20 per-
cent, I shouzd add.

Ignition and tail-cff were nominsl for
all the burns. On the one rough com-
bustion start, the engine went to

10 percent in its normzl slow {but not
too slow) manner. It was neither a step
input nor a drithling start. It was &
nice smootn start up to 10 percent. We
were supposed te start the throttle up
at 5 seconds after ignition signal. It
was approximately 5 seccnds when T
started the throttling and as T throt-
tled from 10 towards 40 percent, we had
a rumbiing in the engine.

The accustical environment was such that
the descent engine could be felt more

than heard at =sll times, even running at

~EONRD i
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100 percent. There was no real noise
in the spacecraft, but when the rough
combustion started, I could feel it
rumbling and I'm not sure that I didn't
actually hear it. I stopped the
throttle-up at approximately 20 percent.
The rumbling stopped, and then I
throttled up to 40 percent. It was
smocth from that point on. The rumbling
was very similar to & compression start
on a jet engine, the rumbling kind.

The rest of the operation of the engines
were guite nominal. The helium regulae-
tors were shut off on a docked DPS burn
10 seconds before the shutdown, and we
cperated in a blowdown condition from
that point on. When we started the
engine for the other DPS burns, we had
asymetric pressures in the oxidizer

and fuel. At the beginning of the
phasing maneuver, the fuel/oxidizer
ratio pressures were such that the fuel
was low. It was 12 psi below the

oxidizer. The same pressure differential
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MeDIVITT was present for the insertion burn.
The docked DPS burn, where we used the
trim gimbal as the control methed
rather than any of the RCS thrusters,
was excellent. The attitude excursicns
during this pearticular engine burn were
very smell, on the order of 2 or 3 de-
grees. The rates were low. We had no
trouble at all witih the attitude ex-
cursions as we figured we might have
prior to flignt.
When we got down to the throttliing
regions, we were able to throtile from
100 percent to 40, to 10, back up to
40, down to 25, and to L0 without any
noticeable rumbling, chugging, or any
cther propulsion abnormality. There
was one little bit of steering abnor-
mality that we encountered. I guess it
was a dynamic problem that we had about
a minrute or so before we started the
throttling profile. We could Teel a

small pulsing occur; estimates vary

from approximetely 1 cps to approximately
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3 cps, which exhibited itself on the
roll rate needle. There was Just a tad
of motion on the ysw rate needle, which
I can't explain exactly, because it
shouldn't couple into that direction.
The prominent thing was the roll rate
needle. It also could be felt and

seen in the command medule side.

The engine firing frequency that I saw
in the rate needles was not matching
that which I felt through my feet.
Shutdowns were made both manually and
automatically. In both cases, they
operated as expected. We allowed the
engine to do an autcmatie throttle-up
on the docked DPS burn. The throttle-
up was at the appropriate time, and it
was very smooth. Throttling rocket
engine responses are gquick, throttling
is precise, and it's & very nice control
system for thrust commending.

During the insertion burn, we used the
throttle position of 10 percent, and as

expected, we had some RCS activity to
. . A
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maintain the spacecraft in the proper
attitude. We did use the EKCS engines.

We exrected to use the RC3 engines at
this low throttle setting.

Regarding descent propulsion system op-
eretion when we fired the start bottle,
it pressurized the system to 230 to

240 vsi. At the start of the docked DPS
burn, the pressure began to decrease,
went on dowr to somewhere between 180 and
190, 1 don't have the exact number avail-
able here. It rezched thal point and
started vack up again. I hadn't seen
anytning like this in the simulator be-

-

fore. T should have been expecting it.

T knew the nressure would drop, but I
didn't expect it to drop guite so far.
The filrst thing that went across my nmind
was that the MASTER ALARM switch, which

I had piaced back to OFF after the start,
had been placed back to OFT before the
pyres had fired. 1 started to reach over

tc turn it bacx on agein, when the pres-

sure started besck up. But it 4id go down

~CONMHBENHALS
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7.2.2 Ascent Engine

SCHWEICKART

& lot farther than I expected. It's in-
teresting to note here that it decreased
until after the engine had throttled up
to the full throttle point, which means
that it was decreasing from something on
the order of 30 seconds or so.

The c¢yro pressure gage for the supercrit-
ical helium for the DPS engine was inter-
mittent throughout the flight and would
read the proper pressure for & time and
then go to zero, and then it would come
back and read proper pressure again. You
could never tell whether you were going to
have the proper pressure or the zero read-

ing on it.

The ascent engine was fired for one time
for 4 seconds. The start was abrupt,
the shutdown was sbrupt and there was

nc noticeable rumbling or any undesir-
able occurrences. The noise level
during that 4 seconds 4id not seem to

be too high in the spacecraft. 1 felt

that I could have communicated if I had

COMRIDEN ik
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anything to say. It was a little short
really to evaluate the overall perform-
ance of the engine from a pilot's stand-
peint. The start was Butomatic and the
shutdown wss automatic.

After pressurizing the ascent systen,
our procedure called for cycling the
interconnect valves to thelr already
selected position to ensure that they

maintained operation through the
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pressurization transient. When the
ascent feed valves number 1 were cycled
to the open position, which is their
normal position, I was able to feel
and/or hear (it's difficult to say
which) the Parker valve snap to the open
position. This was not evidenced on

the talkbacks, which remasined barber
pole. The Parker valves evidently had
unsegted themselves during the

pressurization.

7.3.2 Translation Control Modes

MeDIVITT

The translation contfol modes have been
covered egrlier in the PGNCE and AGS
sections. We were notified on the
systems day that we had a failed thrust
chamber pressure switch on system B,
quad L, the upfiring thruster. This
was not a factor at any time during the

flight,

7.4.1 FElectrical Power Subsystem

SCHWEICKART

The batteries behaved in flight as

expected. The only deviation from

COMMBENHAE -
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procedures i1s a recommendation from
MSFN to shut off descent battery num-

ber L in the esrly part of the systems

day. The ascent hattery activation and
checkout went as prescribed in the

procedure that was developed immediately
prior to lift-off, which verified the
ascent battery feed paths without ever
placing both ascent batteries on any one
bus.

The pyro batteries maintained 36.8 and
37.5 velts all shrough the flight, from
the first time they were read through
all the uses with the EV system. ALl
indicators associated with the electri-
cal power system operated as expected.
There was no noticeable sticking of the
talkbacks on the descent BATS as we had
énticipated from the chamber run. The
gwitching of inverters from 1 to 2 and
pack did not cause the illumination of
the master alarm light.

The power transfer from CSM to LM and



7-38 SLALLELL bt *

SCHWEICKART

7.4.2 Explosive Devices

back to CSM worked very well. On
ingress to the 1M, the system could be
verified on C5M power by observing that
the caution lamp on panel 2 was not

illuminated. Subsequent to transfer

power to the LM, which was manifested
by momentary dimming of the lights, the
caution-and-warning power lamp was
illuminated on panel 2, which indicated
that the system was being powered by
the LM. Exactly symmetrical behavior
was observed on switching back to CSM
power at the end of the day. All other
aspects of the electrical power system
in the LM operated in a completely

straightforward and expected manner.

The explosive devices operated through-
out the entire flight as expected. In
all cases, we were able to hear and/or
feel the selected device go. The single

exception was the second activation of

the landing gear deploy. The procedure

SONEIDENTIAL
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employed in deploying the landing

gear was wo utilize EDS B for the gear
deployment. Following utilization of
EDS B, logic power A breaker was closed,
3 was opened, and a secend cycle was
made on the landing gear deploy switch
so that the & system pyros would fire.
In this particular cese, there was nc

sound or feel to the second activation

cf the landing gear deploy switch.

A1l the interior lighting was adeguate
with the exception of the lighting in
the aft cabin erea for stowage of the
OPS on the back wall and for tunnel
operaticons. There was ascceptable but
less than desirable lighting in the aft
cabin. One simply had to hend hold

the utility ligkt or coordinste with
the other crewmen tc illuminate the
area cf interest.

Cencerning exterior lighting, the dock-

ing lights were not visible in any way
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from within the IM and could not be

verified. However, crne of the docking
lights and the running light on the
mirus Y extremity of the IM could be

seen from the command module. The

tracking light was detectable from in-
gide the IM and from the command mocdule
while docked snd appeared as & very
wesk flash off the forwasrd queds on the
M. Follewing staging, the light
falled. We were ncot able to sSee any re-
flection coming off the forward quads
from the flashing light. We are un-
certain at this time whether the re-
flection we saw while Gdocked was a
direct illumination of the quas from
the light or whether it was secondary
reflection off the porech. We're uneble
to say whether, after staging, the LM
crew will be &ble to confirm operaticn
0f the tracking lighkt.

The IM tracking light was visible

throughout the rendezvous. As the LM

COREDEN L= -



SCOTT

m 7-L1

would go into darkness or come into
suinrise, the light would blend very
nicely with the transition to & re-
flected image. As it went into dark-
ness, the reflected image would
disappear and the light would super-
inmpese immedietely.

The docking lights are very dim, very
diffieult to see, and poorly positiocned.
If they were brighter and moved forward,
so that they both could be seen at the
same time, they would erhance the mcqui-
sition of the 1M at night.

The tracking light was easily visible

at 50 miles, and I'm sure that it could
be seen much farther out. T Waes a very
bright object at 50 miles. In the day-
time through the sextant, it was visidble
as & flash.

One possible use for the docking lights,
if they were moved forwsrd so that both
could be seen from a front view cf the
ascent stage, would be in determining

visually range of the IM in darkness,
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T.5.1 Oxygen and Cabin Pressure
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The oxygen supply and the indicators on
the main display puanels cperated in =
completely normal manner, as did the
ascent cxygen system. The PLSE oxygen
cperation was as expected. On recharge
on the PLSS fellowing the EVA, the
pressure dropred in the PLSS tank. The
pressure had been only on the order of
190 psi, and the buildup after opening
the PLES £i11 wvalve was very rapid.

The pressure irmmediately went up to

900 psi, which was completely adeguate
for any contingency operations subse-
guent to that time. Therefore, the
PLSS fill valve was closed immediately,
and PLSS doffing was continued.

The oxygen demand system worked as
expected. The cabin pressure meintained
itself at 5 to 5.1 psia all through the
flight when under IM control. Catin
dump and repress times were in accord
with what we had seern from chamber op-

erations preflight. The forward dump
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SCHWEICKART valve filter was used for the cabin dump
prior to EVA to minimize the possibility
of debris clogging the dump valve. The
use of this filter extended the dump time
considerably. I would estimate that from
the time the LM depressurization was
initiated, the hatch opening time was
on the order of 6 minutes. Tt appeared
that the bleed rate below 0.5 psia was
very slow. The commander was unable to
break the sesl on the hatch for guite
some time following the indication of
less than 0.5 psia on the cabin pressure
indicator.

The activation of the cabin repress
valve for repressurizaticn and during
the regulator checks was as expected
from both the IES experience at Grumman
and the chamber operations at KSC.
There is no @uestion whatever that the
cebin repress valve 1s open and flowing.
However, once the noise level has been
experienced preflight, it's a very

comforting , rather than an alarming
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sound when employed inflight.

The 1M oxygen hoses 4id not present

any particular problem with their
interfacing with the suit. There was

a good bit of interference with the
restraint system. Especially on the
right-hand side, et least twc hands
were required to reattach the restraint
system to the wall of the spacecraft
and to keep the hoses out from behingd
the restraint systen.
Caution-and-warning indications on the
ECS were as expected. The primary stim-
ulus of caution~and-warning alarms in
the ECS was during the regulstor check.
On review of the regulator check, all
of the warning lights which were called
for appeared to come on as expected.
The pressure regulastion during this
check was also as expected from the
experience in the chamber at X8C; that
is, both regulators.in the egress mode

were regulating on the order of L to

L1 psi. During this check, there was

CO MR
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no guestion at all that the cabin fan
also was going on and off in the various
switehing modes. Verification on that
was gudible. The noise environment
caused by the cabin fans was quite high.
I would put the ncise level in the LM
cabin, particularly with the helmets
off, at a marginally high level. The
suit water separator check and the suit
fan check call for vhe illumination of
the HQO SEP compenent light when
switeching separators and switching from
one fan to ancther. Evidently, both
Sseparators spin up to a fairly high RPM,
especially with the dry system; and the
welt time required to get the HQO SEP
light to illuminate was rather long.

We waited et one point for more than

3 minutes and had no indicaetion of the
light coming back on. However, there
was no doubt that the component light
was working, because on powering up

the system, the component light had o

been on before activating the suit fan.

~CONHDEME A
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The cabin stmospnere itself was quite
confertable., There was no noticeable
carbon dioxide abnormslity. The ingi-
cated 002 level remained at zero for

a considerahle length of time, and the
highest reading that I remember at any
pocint in the flight {just prior to
changing the canister) was approximately
2 rillimeters of mercury. The humidity
level in the sult loop and in the cabin
was acceptgble. I never noticed any
tendency to fog on the inside of -
helmets and never felt uncomfortably
humid in the suit loop.

The cabin atmosphere, after repress on
the EVA day, was noticeably different
only to the extent that the number of
pleces cof flctsam and jetsam were
grossly reduced. Most of it had found
its way out the open hatch during the

EVA. The circulaticon within the cabin

COMHAE RN
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SCHWEICKART and the noise level of the fans, as
already mentioned, were very high and
made operation and communications with
the helmets removed very uncomfortable.
At points, the intercom intelligibility
vas severely affected in operation with
the helmets off because of the high
noise level., The removal and the re-
placement of the 002 canisters did pre-
sent some problem for a time. However,
after a pericd of several minutes of
tinkering, the primary cartridge canis-
ter cover was replaced. The design of
this closure is very poor. The mark-
ings, although very apparent, do not
meterially assist in the replacement of
the canister cover, and a great deal of
time and effort generally are reguired
to close that canister reliably. This
is design rather poor, but at this point
in the game, I don't believe it to be
an unacceptable design. Hopefully,
only one canister change will be re-

quired during a mission. T think that

~CONPIDENT - .
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the system is reliable enough but ex-

tremely inconvenient.

The cabin tempersasture control wvalve
never was moved from the normal
position, and the suit tempersature
selector never was moved out of full
cold. Sublimaticn and the heat ex-
changer did present some problem in
activation of the DFI, particularly
on the systems day. It appeared to
dump encugh heat into the glycol loop
50 that the glycol temperature worked
its way above the caution-and-warning
trip limit. On removal of power from
the DFI, this temperature would work
its way back into the green band, and
the glycol caution light would go out.
This same behavior was not exhibited
on the rendezvous day. There was no
evidence of glycol in the cabin at any
time. Floating particles were manifes-~
ted in considerable numbers. Thelr
removel was facilitated by the EVA.

The only noticesble odors were caused

OMRDEMNMAL
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by the very high temperature of the
windows with the window heater circuit
breaskers closed. The effect of these
hot windows on the window shades when
installed, and to some extent, even
with the window shades rolled down,
caused an odor to be exuded from the
window shades. It's a very difficult
cdor to descrite except that there was
no question that it was generated by
high temperature on the Mylar window
shades.

The other odor that was noticed came
Just prior to Jettison of the LM during
the final closeout on the rendezvous
day. There was & sensation of some
mechanicel piece of eguipment, either
8 bearing or a motor, getting quite hot.
It was not the pungent odor that you
get from a kind of generstor. I would
desﬁribe the odor as close to being
hot metal. I wes not able to locate
the source of this ocdor, nor did I

have the ineclinstion or 4$ime to take

~EOMNHEENTHAR
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a lot of time to try tec locate it.

It was not what I would consider a
normal cdor. There was no irritation

of the eyes, nose, or throat, with

the exception of an occasional pilece

of lint getting into the eye.

Early in the flight, it appeared that
the side and the hatch window were going
to steam up as they had on previous
flights. There was a circular area in
the middle of the window where conden-
sation began to appear. It lcooked like
1t was a function of the temperature on
the windows. There were small circular
areas of condensation that would appear
and then disappear. Finally, in orbit,
at the end of the flight, we still had a
very clear hatch window and all the
cther windows were clear except for win~
dow number 1, which had a lot of partic-
ulate matter on the outside. T believe

this was deposited there from the urine

COMNRDEMIAL
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énd waste-water dumps, the port being
just sbout directly underneath that
window.

Prior to entry, the rendezvous window
and the left-hand side {number 2) win-
dow had a very milky-white coating on it%.
The density of the coating was much
greater ground the edge of the window,
It wesn't much of a factor unless the
sun was shining on the window; when it
was, it was very difficuit to see
through. Rusty reports that he had just
a very little bit of that milky-white
film appearing on the upper portion of

the number 4 window.
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SCHWEICKART

COMD M

The water supply in the LM was quite good.
The bacterial filter, which was employed
throughout the flight, did not materially
impede the flow of water through the gun.
It was guite comfortable to put the gun
in your mouth, open up the wvalve, and
take swallow after swallow consecutively.
The water itself tagsted only very, very
slightly of icdine, was very refreshing
in all respects, and was apparently with-
out any entrained gas. All other aspects
of the water system were completely nom-
inal. )

The waste management system was not em-
ployed in the IM. However, the one large

bag was used in recharge of the PLSS.

The water glycol system operated as ex-
pected with the exception of the glycol
temperature light coming on during DFI
activation and operation on the systems
day. The glycol pump operation was com-
pletely normal. The caution and warning

was not triggered in switching from one

B
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glycol pump Lo ancther. The noise level
of the glycol pumps was guite noticeable,
btut not nearly as cobjcetionable as the
cabin fans. On activation of the glycol
pump or rendezvous d=y, the sound therecof
suggested a small quantity of entrained
gas at the glycol pump but this fluctua-
tion disappeared after a few seconds of
operation,

The sublimator dryout onboard appeared to
follow very, very closely Lhe expected
shape of the glyccl femperature profile.
However, the temperature at initiation
and all througl the dryout was or the
order of 8 to 10 degrees above that on
the graphs whnich were carried aboard.

On transferring from cone glycol pumn to
another, I would guess that the tail-off
or. the pressure indicator took less than
a second, a5 did the bullifup on the other
ovurp.  AUTO transfer from one glyccl pump
to ancther opersted normally in the check
of tnat system and was triggered at no

other time than when it was callegd for.

~“CONHBEMNLAL.
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Operaticn of the sult circuit was com-

peletely normal. The noise level due %o
the suit fans was noticesble but not ob-

Jectionable.

The comfort within the suit c¢ircult was
adeguate, At one point during the opera-
ticn of the EC3, manipulation of the suit
gas diverter wvalve and the cabln gas re-
turr valve was apparertly reversed in the
checkligt. This caused the suit locp %o
rull deown arcund us to a2 slight extent.
Ther it chugged until we got the guit gas
diverter valve into the cabin mode. This
is not s malfunction ¢f the system, but

a criticism of the procedures.
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Telecommunications

The cperation of all the communications

gear on the IM was satisfactory.

There was, from time to time, unexplained
noise and interference in both the VHF
and B-tard operation. This degraded per-
formance was never cerrelsted with any
other systems coveraticn or gecmetry of the
spacecraft, or ground/LM geometry. Tt
did not in general appear as clean as the
operation of the TELZCOM in the command
module. The high-gain S~band antenna

was never moved from its stowed location
throughout the flight. Down-voice backup
on the 5-band, as mentioned earlier, pre-
sented some degree of mystery In that,
with down-voice tackup emrployed, the
INTFRCOM RUE weould be transmitted live

by S-band. This apparertly was nbt the
case during the test and no cxplanation

of that is presently availavle.

ONFDENTAS.
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7.6.4  VHF

SCHWEICKART The PLSS EVA COMM worked very well, in

fact, considerably better than we antici-
pated from preflight testing. While on
the PLSE in the IM cabin, I was gble to
hear not only the VHF from the LM but
also VHF from the command module, and on
several occasions, VHF directly from
MSFN. The converse was also truey the
C5M was able to read communications from
the PLSS directly radiating through the
cabin. The CSM one-way relay, with the
PLSS internal to the LM cabin, worked as
designed and MSFN was able to read PLSE

data prior to the EVA,

7.6.5 Audic Center
SCHWEICKART Operstion of the audlo centers was again
as expected with the exception of the
IMP's audio center on the rendezvous day
in which case the PTT capability had
failed both on the ACA and also on the
umbilical. Therefore, the VOX was em-

ployed in order for the LMP to transmit

~OPHEENT A
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thréughout the entire rendezvous dsy,
which brings up another good point, and
that is that the VOX operation on the IM
was excellent, The attack time and re-
leasze time on the VOX is very, very sat-

isfactory.

The onboard voice recorder apparently
worked without any problem. The primary
inconvenience or difficulty with a volce
recorder 1s remembering to turn the re-
corder switch on and off in order to con-
serve tape. This proved to be a problem
throughout all the simulations and the
same inadvertent operation was witnessed
during the flight, both in acts of omis-—
gsion and commission throughout the LM
operation. OSubsequent to the flight, we
listened to the quality of the voice on
the recorder. It is apparent that the
noise level due to the cabin fans, the
suit fans, and the glycol pumps signifi-
cantly degrades the wvoice quality on the

recorder when the recorder is left on

=COMNHDEA A
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SCHWEICKART continually and these other gystems are
in operation. During the EVA portion of
the flight, the cabln fans were off and
the background noise levels were very,
very low. The guality of the voice was
excellent during that time. However,
when operating the recorder in the VOX
mode, the whole tape was {during the EVA)
filled with beep, beepr, beeps, and the
first word or two of every conversation

was clipped.

7.7 Mechanical

SCAWEICKART I would >ike 1o mention that the window
heaters on all three windows were, in our
opinion, overdesigned. The windows would
get extremely hot to the point that the
Beta cloth surrcunding the windows and
the wirndow shades, the part touchirng the
windows, would get so hot that they gave
off objectionable odors. Also, when op-
erating rear the front windows with the
nelmets off, the closest analogy that
could be drawn would be that of standing

quite rnear an open fire. The radiation

i RN
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from the windows was very noticeable on
my face. Because of the high tcmperature
that the windows reached, we asked and re-
ceived approval for deactivating the heat-
ers. Following the deactivation of the
heaters, I did not rotice any fogging or
cleuding of the windows. On first enter-
ing the LV on the rendezvous cay, there
did appear to te some moisture conderced
on the window, but shortly afier stowing
the window shade, that moisture ewvapcrated
by itself. The windows throughcout the
flight of the LM appeared tc be wvery clean.
Tkere was nco noticeable foggirg, milking,
deposition of debris, or ceoatings on any
of the windows.

n looking through the dockirg window,
there were some noticeable pieces of de-
bris as I nad mentioned esrlier., A washer
tetween the inner and outer pare of the
docking window floated bacx znd forth
across the fileld of view whern I was try-
ing to do docking. Tt was not a factor

ir any case.

—CONMHBDENTHAL-
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There were a number of things in the LM
that did not fit very well and proved to
be a problem. The major one was the 0OPS
rallet. It is supposed to fit on the aft
wall of the spacecraft in a rack that has
a large pin that goes through the rack
and into the pallet. I could not get the
pin to fit through the rack without the
pallet in it. As I pushed it down, I
couldn't get it flush so that I could
turn it and lock it. The Beta cloth net-
ting in the area was in the way, but even
when I pulled the Beta cloth netting away,
T was still unable to get it to fit. Dur-
ing the systems day, the OPS pallet was
found floating loose after the docked DPS
burn. On the EVA day and on the rendez-
vous day, I put it back in the same ares
and put the pin in and took the Beta

cloth netting that was around it - around
the handle -~ and draped it over the handle
in such a way that it held the handle in
and I was able to keep the pallet re-

strained to the back wall. There are

“C OBl
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some sraps on the helmet bags that are
there to stow the helmet con either the
floor or orn top ¢f the ascent engine cover.
The snaps pulled off, the little straps
that fastened the heimet to the flcor cr
the ascent engine cover, and while light-
welght, they were certairly marginal for
operation. 1 ended up with one helmet
bag with either no snaps or no tabs to
snap it to the ascent engine cover, and
the other helmet bag had only one snap
that was usable. The ISA didn't fit as
well on the stowage area on the left-hand
side of the spacecraft in zero g as it 4id
in one g. The 1ittle hooks kept sliding
out of the hole before I could get the
next hook fastened, taking an abnormally
long time for irnstallation. The Beta
cloth, as I mentioned earlier, fitted
around the OP5 pallet and over the {top cf
the PLSS batteries in +the back, but 4did
not fit on the snaps very well., I got it
unsnapped from arpund the batteries and

was unable %o resnap it. This was no

TTONFDEM
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great problem, except it provided a hole
for any loose equipmenf to slide back in-
to the aft equipmert bay, ard cnece Tack
there, it would have been impossible to
retrieve. 3¢ I spent scme additionsl

time stringing the Beta cloth netting back
vogether and trying to snap it where I
couid get 1t snapped to provide some sort
cf a ¢covering “o keep unnecessary eguip-
ment out of the aft eguipment bay.

I might commernt on some of the things that
were extremely useful, one of these being
the data file and the cards. The data
file provided us the infofmation that we
needed. The instrument panel cards that
were placed on the instrument panel on

tep of the Velcero provided an excellend
source cof information during critical
vericds, sucn as the docked DPE or durirg
the rerndezvous. We found that they stayed
on the instrumeni panel very well and were
a great asset. It also turns out that

the little PBI straps, snaps and strap

combination, with the little pieces of

«NMEDENTILAL,
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Velcro provided an excellent place to stow
checklists, pencils, gloves, and like
items.

The restraint system appeared to be de-
signed more for the lunar-landing case
than it was for an in-orbit case. The
anchor points for the restraints tended
to pull the crewmember on the left side
towards the front so that I ended up lean-
ing to my rear and to my right at an angle
of about 30 degrees from a perpendlicular
to the floor — during 95 percent of the
mission. The only time that I did not

do this was during the docking and during
some of the burns when I had to have my
hands on the translation controller and
rotational controller at the same time.
The Velecro on the floor and the Velcro

on the bottom of the boots worked reason-
ably well. It wag not sufficient to hold
one down for any lengthy period of time
but for shért periocds on the order of

15 seconds or so, it helped to hold you

there.

CONHDE e
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8.0 MISCELLANEQUS SYSTEMS, FLIGET EGQUIPMENT, AND GFE

8.1 Cabin Lighting System and Controls

SCOTT We nad three malfunctions of the CEM
fioed lights, In the LEB, the varisble
lighting on the right-haznd X-X strut, as
you faced the LEB, failed OFF. The rignt-
hand light on the left couch failed in
the varis®le position. The left-rand
light of the right couch gov hot, got
muach hotier than the cther ligats and
was turned off. This one was in the fixed
position., This Zatter light got so hot
we could actually smell it.

MeDIVITT Thne lighting underneath the couches was
inadequate, Any time the cooclant and
control pa#el needed to be inspected,
or a valve changed, it was necessary to
obtain a flashlight and direct it to the
peint of interest. It is suggested that
perhaps something like the lights used
in the tunnel be provided in a strategic
Jocation to illuminete the points of

interest under the coucn,

CORDEpFrE ©
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8.2 Clocks

SCHWEICKART The clocks worked, at least as could be

detected, without any failures or anoma-

lies.

8.2 Event Timers and Controls

SCHWEICKART This is also true of the event timers
and the controls. One small change we
noticed in flight on the event timer was
that we would lose 1 second on initiating

the event timer. That is, if the clock

were set up to 59:59 in simulations in
the IMS, when the DSKY display reached
538:59, we would hit the start switch at
that time and 1 second later, the DET
would drop to 59:58. However, in the
flight configuration, the display of
59:58 would come up immediately on start-
ing the clock and this took a little get-

ting used to.

B.4 Crew Compartment Configuration

SCHWEICKART The crew compartment confilguration in the
IM was not significantly difflerent from

what we had seen on crew compartment fit and

~EONEIR i
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Clothing
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funetion., The operation of the COFPS pal-
et and transferring it from the floor to
tre aft-eguipment bay and checking out

the 0PS's, in general, were slightly

eagsier than we had expected from our itrain-
ing. The modified capture pins on the

0PS were easily removed and replaced on

the pallet which made the checkout of the
OPS's guite simple. The mirrors in the

1M were not employed st any time.

On tre command module side, the stowzge
areas were adequate; however, the coanfig-
dratiorn of the stowage coulld te improves
so as to facilitate the use of the equip-
mert in fiighs, Many times we had tc go
to a number of different locations scat-
tered around the spacecraft Lo sccumulate
the equiprent necesseary for the particular

funection of interest.

The extericr of the PGA's were extremely
worn on all three suits. The CMP suis

was worr meostly in the arms and the el-

—CONNRENLM
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tows due to workine in the tunnel. CDR's
suit was worn primarily on the back cf
the shoulders, and the superiﬁsulation
could be seen poking out between the lay-
ers of Beta cloth.

When I first cperated in *the tunnel and
took the hatch out shortly after trans-
position and docking, I wore the protec-
tive visor over my helmet ani I am sure

that I did not damage my helmet then.

I took very good care of It until I got
over in the LM and I had to tharash around
in the beck of the LM with that OPS pal-
let that didn't fit and tried to get it
off the floor and back on the back walls,
and then back dowr on the floor and move
the helme: bags around and the PLSS end
all these things. While I was doing this,
I was bouncing eround in the LM guite a
pit. T was able to protect the front of
ry helmet guite weil and it d4id not erd
up with very many marks on it. As you

could see, we had it available for exami-

COMMBENHA
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natiorn., The top of ny Felmet was very
badly scarred and I thirk that this was

a Tactor in the rendezvous. There were
some -great ©big long, wide, guarter-inch
wide or so, scrapes. T am not sure ex-
actly where I got these things. If I had
to guess, 1 would say 1 got them somewhere
in the back of thé gpnacecra when T was
trying to operate with Lhe pallet, sl-

though I can't e sure of this.

[a%
jan
)
mn

My lightweight headset “ailed after
T believe. I was no leonger abkle to Ttrans-
mit with it, but I was zbie to recelive.
From that time on, we operated with twe
lightweight headsets between the three of
L5 .

Due tc the bunny hei, I got some gort of
grin irritation which caused the skin on

my forehead ard cheeks te get rea and dry

out. As scern as T qult wearing the bun-
ny hst, after the fivrst 5 days, It cleared
Uk .

Wren 1 launched with my UCTA, T had a

~CONFHD bbbt -
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roll-or cuff that f£it, and T thought that
all the UCTA cuffs were “he same slze.
However, after having uszed 1L Lhe Firsd
and second day, I decided to replace the
used cone with a new cne. I tock the used
one off znd threw it away and pul a new
one on, After I hzd tarcwn the old one
away , 1 Tourd that the new cne was con-—
siderabkly larger than the one I had
launched with. I went back into Lhe
locker that nad =11 ny roll-cn cuffs in

it snd found out thal all of my JOTA cuffs

woere the szme size and were way Loo large.
Unfertunately, I did rot have time to ook
around ard fird the cld ore because we
were running Tate, as usual, and T el_ected
to go with the one I kad or, which proved
tao be semi-diszstrous since the UTTA
lTeaked all cover the pluce for thatl day.
Later, -~ wug able Lo borrow ocae of the
ogther cuffs and used that for the remalin-
irg days that T kad to wear the UCTA, Wy

ICD, or the other hard, nad a sci cf roll-

P E et
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on cuffs that fit properly. I used the
UCD with excellent results; no leakage,
and everything worked the way that iv
should have.

My exrveriernce with the UCTA and UCD was
exactly opposite to that of Jim. That
is, my UCTA cuffs were very adequate and
the UCD cuffs were toc lzrge. A3 a re-
sult, and sirce we had sboard the speciel
fitiing to dump *ne UCTA's through the
waste mansgement systems, I elected to
use the UCTA {trroughout the flight., The
mede of operation I empicyed was to uri-
nate intc the UCTA and then dump it. I
never did use the UCD,

Mine worked fine.

The sensors on the BIOMED harness began
o itch after about 5 days and were uncom-
fortakle for the rest of the flignt. The
elecirode paste or the CMP and the IMP
dried out and rad to be replaced. Thre

CMP'e dried out after about 5 or 5=1/2

“CONRHE it
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8.9 Crew Couches
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days. The LMP's dried out on about the

oth day.

The couch and everything worked as adver-
tised. The only problem encountered was
disconnecting the Y-Y beam or the center
couch. The beam required a considerable
amount of force to disconnect the first
time it was disconnected. This probably
could have been because of the forces
during launch. Another problem we had
was with the Y-Y struts. We had a great
deal of difficulty locking and undocking
the Y-Y struts. Finally, we were able
to manipulate the struts with a lot of
shaking of the whole couch and this
cccurred on both sides of the couch -—
the plus and minus Y-Y struts. Once we
got them locked, the couch was firmly
locked in place.

One more recommendation on the mechanics
of the spacecraft — on the lithium hy-

droxide canister door. A spring-retention

SRl
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celip, or something, could be provided to
prevent the necessity of using tool B

everytime that it is opened.

Ir. the CBM side fcr an ™ ftransfer, no

restraints are rezlly necessary. The
hoscs provide adeqguate tethering and you
can move frem the hateh to the couck arnd

remain in Lhe couckh with ne difficulty.

I'd 1like tc menticn that the golden slip-
pers cn the front porch of the LM fune-
tioned as expected from trairing. These
were employed ir the trainirng in ihe WIF
and functioned in flight as expected.
They permitted eood control of body po-
sition with no tendency for the boots to
slip cut of the restraints. Thke hand-
rail wnich rung up the front of the LM

fer EV transfer was completely adeguate

for the Job. 1In fact, the contingency
transfer reguires less concern over body
position control than did our FVA and

¥et I had no trouble whatever in main-
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SCHWEICKART taining complete contro? of bedy positicn
through the menility provided in the EV
gloves and the wrist joirt of the suit,
The usc of the tether as a transfer de-
vice feor “ransporting egquipment in and
oul the front decor of the (M was judged
to be guite good, with Lhe exception of
the case where 1t was employed with the
sequence camerz. . tnis case, the power
cable Tor the sequence czmera which ig a
telephone-type extension cable supplied
encucgh forre on Lhe carmera to cause 11 to
centinually centact the upper regions of
the front hatch, thereby changing the po-
gitions of scome of the corntreols on the
camera and doing some siight damage to
the camera in passing it In and cut. Tn
the case of the olher equipmenti, there

was no prebler at all.

McDIVITT I found out the amount of Velcro in the
area cf the main display console, the
window, and cther areas that could be

regched when a person Is in his seat was

CORRLEbF I
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8.11 Flight Data File

SCHWEICKART

CONNDENTH. - -

inadequate., Many pleces were in places
where they were completely inaccesible
unless you had a flexible cbject that
ceculd bend around corners. L suggest
that maybe some of the useiess pleces of
Velero that are arcund the edges of the
floor and side panels and other inaccess-

ible places be removed or certainly

relocated to more usable places.

The MPC bars that were installed prior
to the EVA were very useful throughout
the rest of the flight, eXcept for the
left one which covered a porticn of the
DSKY. The center and right ones were
retained for the rest of the flight for
protection ageinst the switch panel.
They also provided convenient locations

for attaching data books.

The flight data file in the LM wag quite
adeguate. On operning the flight data

file, there was no preoncunced tendency

AEONMDEMFPATY
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for the dsta to drift out intc the cabin.

It all behaved in a very satisfactory
manner. We anticipated some problem with

this from our preflight work.

8.14 Thermal Control of Spacecraft

SCOTT

8.15 Camera Egquipment

SCEWEICKART

We did cold soak startirg about 3 hours
prior to reentry and were comfortable

throughout the reentry.

The use of the camera egquipment in the

IM turned out to be no problem. The large
windows made handheld Hasselblad pictures
out the front windows gquite simple; how-
ever, operation of the 16-mm camera was

a little more difficult in that there were
no predesigned attach points or brackets
mounted in the IM to facilitate this op-
eration. The utility light universal
bracket was used in conjunction with the
Maurer camera on the crash bar over the
IMP's window in order to take photographs
along the Z-axis, and this proved to be

satisfactory.

Sl Sl
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=COTT We had a sequence carera problem during
the FVA and the superwide-zngie Hassel-
blad shutter timing wes incorrect; both
of those have teen mentloneg tefore. One
swall A5-frame Fasselblad magazine jarmed
and in the process of the magazine jamming,

one of the standard Hasselblads got jJammed.
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9.0 VISUAL SIGHTINGS

9.1 Countdown
SCHWETCKART There were no visual sightings in the

countdown, during powered flight.

9.2 DPowered Flight

SCHWEICKART The cnly visual sighting I had was the
.. boost protective cover of the LET. I
was able to see the LET over the boost
protective cover while the engines were

still running.

MCDIVITT During the countdown I saw very little
since T had such a small window. I saw
a little cable out the window, when they
swung the swing arm back, it went away.
During powered flight I saw nothing at
lift-off except an object that came from
behind the instrument panel and bounced
off my helmet and dewn into the lower
eguipment bay. I don't know what it was.
Somewhere during the powered flight, with

the boost-protective cover on, I could

~COMNRBEN A
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9.3 Earth Orbit

SCHWEICKART.

see some smoke wafting across the left-
hand rendezvous window between the glass
in that window and the glass in the
boost-pretective cover window. Staging,
ignition, 8-IVB ECO, I didn't see any-
thing. I was locking into the space-
craft almost all the way through the
lsunch. . I glanced out once or twice and
saw the horizon going by, but nc impor-
tant sightings dﬁring powered flight.

I saw very little during powered flight
because 1 was watching the DSKY most of
the time. I did take one lock at the BPC
window at the horizon and noticed quite
a bit of debris in the spacecraft at

first-stage cut-off.

In earth orbit there were no manmade ob-
Jects sighted, aside from the Pegasus
satellite. I did see a few geographical
landmarks, and a fgw clouwds. I wes dark-
adapted one night pass as well as possi-

ble. I drew a picture of the dimmed
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stars of Canis Major I could see. After
correlating these with the Star Atlas it
appcars Lhal the dimmest object that T
saw was two stars very close to the sixth

magnitude, Also cne cther star of the

sixth magnitdue was located immediately
next to the open cluster M1,

The cother celestial sighting of note was
the airglow. We were well dark adapted.
Dave Scott and I were loocking st the ajr-
giow. We observed the normal band of dim
light several degrees above Lhe earth hori-
zon which appeared to be slightly reddish
or. the underside. Perhaps by consirast,
it appeared slightly green on the upper-
side. We both noticed another more dimly
1lit white layer about twice as far or
threce times as far above the apparent air-
glow layer., It was a very, very tenuous
layer and was just barely discernatble.

It was positively identified by all three
crewmen, This was observed 5 to 15 min-
utes prior to sunrise. At about 5 minutes

prior to sunrise this layer disappeared,

OB ENTFhi—
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SCHWEICKART or thinned out to the point where it could

not be discerned; however, the lower air-
glow layer was still visible. The thick-
ness of this upper layer was perhaps one

or two degrees in vertical extent.

MCDIVITT The most important ones were the sight-
ings of Pegasus through the diastimeter
and the sighting of the IM ascent stage
throught the sextant, which we have al-
reédy discussed here in some detajil.
Some of the dete uplinked tc us from
the ground for the time of closest ap-

proach to a landmark seemed to be somewhat

in error. When we toock S065 photos, we
occasionally took pictures of things that
didn't lock like were the targets, al-
though they may have been. A couple of
times we took pictures of the water after
we crossed scme beautiful landscapes., We
were informed on one occasion that we
were trying to get photos of coceancgraphy.
There were scome times when we were doing

landmark tracking when our time of closest

bbb -
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MCDIVITT approach, which was a critical parameter
in the roll rate that was being established,
looked to be almost 30 or 45 seconds in
error and significantly influenced the
performance of the landmark tracking at
that criticél time.

SCOTT Rusty discussed the airglow that we saw
through the windows. The airglow through
the sextant during a sunrsie appeared red,
8 slight red band at the top of the ajir-

glow as the sun came up.

9.4 Reentry
SCHWEICKART During reentry there was a considersable

spray of debris gt CM/SM separation which
was seén through all windows. The ioniza-
tion became visible as & nearly hcmogene-
ous reddish or pink glow surrounding the
spacecraft at about 0.0lg. This gradually
localized to the point where there was an
extremely bright orange trail behind the
spacecraft from 0.2g on down through MAX
g. I did not observe when it disappeared.

The brightness of this iconization trail
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MeDIVITT

was considerably stronger than the horizon

which was covered with white sunlit clouds,
The brightness was nearly strong encugh

to make the instruments difficult to see
after looking out the window.

The drogue and main parachutes came out

as expected. On main parachute deployment,
the third chute, or one of the three

chutes appeared 10 be hidden between the

two outer chutes until after disreefing,

During reentry the color of the loniza-
tion sheaths was gignificant. I found

it to be much different than the one T
saw during Gemini. This one was all
orange and 1 never did see any cther
colers in it except crange. It varied
from light orange to dark orange and
bright crange to dark crange, but I never
saw any other ceolors like red or green —
the colors I saw in Gemini. It was much,
much brighter than the ionization sheath
experienced in Gemini. T looked out the

side window cne time during reentry and
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I could see feirly large particles paess-
ing by the window at a reasonably high
rate, going back joining in the ioniza-
tion sheath., I didn't spend toc much
time locking out the window, I was moni-
toring the reentry. When the drogues
came ocut, there was a big bang and a bunch
of debris. The two drogues went up and
were easy to see., And when they went off,
the meins looked to me like we had two
mains rather than three. When they
started to fill with air, the third one
sort of popped out of the right-hand one.

It was obvious then that we had three and

they disreefed together. 1 saw three
small squares missing from one chute and
one smell square missing from another
chute, When we finished dumping the
command module RCS propellant we had a
big red cloud come out and envelcp the
chutes and then pass by.

I took a couple of looks through the

hatch window during entry and also saw
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the bright orange sheath. I had the im-
pression that it was much brighter than
Gemini. I noticed that just prior to
0.05g, when I loocked out the left-hand
side window there was a reddish-orange
glow all around the spacecraft. I guess
the iconization sheath started to appear
somewhere around 0.0lg or 0.02g, and I did
get a pretty good view of the main para-
chutes through the hatch window.

After the chutes came out, I had a real
chance to look at the windows. I noticed
the windows were coated with something,
and the coating was turned and cracked
and had started to peel up. After we

got down in the water, the coating was
still there and it was as if the windows
had been coated with some clear substance
and the heat of reentry had caused this
¢lear substance to crack and curl up and

peel off the window in a number of places.



SCO PR 9-9

9.5 Landing and Reccvery Sightings

CHWEICKART There were no particular visual sightings

of note during landing and_recovery.
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10.0 PREMISSION PLANNING

10.1 Mission Plan

MCDIVITT The basic mission plan was established
about 3 years ago and stayed essentially
the same. The basic mission plan was
never changed, although is vascillated
between two S-IB's and Saturn V and back
to a couple of S5-IB's and finally back to
Saturn V. We had a double-bubble rendez-

‘ voug in it one time, and then back out
again. But the idea of EVA, systems A
checkout of the IM, rendezvous, separated
rendezvous, the demonstration of the docked
8PS engine firings, all those things were

exactly the same as we initially started

with.
10.2 ¥light Plan
MeDIVITT The flight plan evolved over the last year

and was constrained by many things. The

flight hardware, the availaebility of ground
éights to support the inflight test and

many things like that, that could really
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'MéDIVITT enter into the flight planning detalls would
teke ebout 4 or 5 months. I think the basic
concepts were those that had grown up over
the previous three years, snd when we got
in flight we found that the basic flight
plan did not have to be changed drastically

and we were able to follow it quite closely.

10.3 Spacecraft Changes

MCDIVITT The spacecraft changes were cnce again a
metter of evolution, CSM 10k changed as
a result of Spacecraft 101 and 103, and
also many stowage exercises, EVA exer-
cises, rendezvous exercises, The [M-3
changes were alsc dictated by many things,
weight saving programs, different types
of wiring, and schemes between ILM-2, IM-3
and IM-h, Here again the change process

is beyond description.

10.4 Mission Rules

MCDIVITT The mission rules for this particular mis-
sion were different than they had heen on
previous flights because we were faced

with a problem of having one spacecraft
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MQDIVITT separated from the other one. f either
on had a problem, the soclution wasn't
pecessarily to reenter at the next best
planned landing area, as we had to get
the spacecrafts back together. It tock
a little evolution, but we finally ended
up with a set of mission rules that had
the same concept. When the spacecraft
separated, we did everything possible to
get it back together. With certain pieces
of equipment inoperative, we would still
go ahead and do our separations and ma-
neuvers. We tried to put priorities in
the objectives. The highest one was
the separation activities between the
command module and the IM. I think the
next one was the docked DPS burn to
evalute the LM systems as best we could,
since this seecmed to be the pacing item
in lunar landing, and we finally ended up
with a conseolidation of the mission rules
all on one page of paper in a graph form

we carried with us in flight. Fortunately,

~CONFDEME -«
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MeDIVITT we were never faced with the problem of

trying to intrepret the mission rules and

apply them to an inflight situation.



MCDIVIIT

CONFIDENTIAL - 11-1

11.0C

MISSION CONTROL

Before we get into any specific items,
I'd like to say that Mission Control ac—
tually had to evolve a whole new concept
of being able to contrel two spacecraft
separated at the same time through sites
that were S-band only equipped, VHF, and
S-band equipped. Some were equipped with
voice and cothers with ™. Some of the

sites had command capability. It was a

‘real complex migsion facing the ground

control team. T think they did an ab-
solutely superb Job sorting out all the
cut all the problem areas, and planning
for the contingencies. Only through some
very hard work, with long hours, were we
able to sort out the ground and airborne
situations so that we could run a reason-
able simulation. Through these simula-
tions, we were able to work ocut the tech-
nigues that we actually used in flight.
Without the ground simulations prior to

lsunch we would have been in absolute
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McDIVITT shambles in flight trying te control
these vehicles and do the flight as we

had planned.

11.2 Updates

MCDIVITT We had a marvelous rapport with the flight
controllers. We had discussed many times
& bsic philosophy thdt we would use dur-
ing the flight. This philosophy was to
pass as much information as the ground
could possibly pass without interfering
with the mission that was going on at the
time. And they were able to sort out
the good pertinent information from some
of the less pertinent, although I must

admit there was very little less perti-

nent information.

11,4 Flight Plan Changes

MCDIVITT We had an understanding that real-time
flight-plan changes would be more than
welcome. T should say that the ground
control team at the end of the first 5 days

were able to work out a flight plan for

~CONTTO BN
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MeDIVITT us that Kept us entertained, busy, and
gathering some extremely useful informa-
tion that wasn't even considered, as far

as I know, before the flight.
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12.0 TRAINING

We had assigned to us, at one time or

ancther during our training for the flight,

all three of the CMS's.

The simulation of separation might tie

in with the difference that was noted
throughout the flight concerning the pyros.
Every time we actuated pyros in flight,

we got a very large bang; whereas the
simulation was sort of a soft beep. A
loud bang_might be somewhat more realistic.
On the visual, it is recommended that the
proper star patterns around the navigation
stars be put in the sextant field of view
for alignments in navigation. TFor ren-
dezvous tracking, perhaps an image of the
IM in the sextant relative to the range

of the IM from the CSM end an image of

the IM in the telescope would be an
improvement. This is not quite as sig-

nificant as the sextant.
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In flight, the telescope provided some-
what better light transmission than the
one in the simulator in that, after proper
dark adaptation, more stars could be seen
through the telescope in flight than could
be seen in a simulator. However, with

2 to 3 minutes of dark adaptation, the
inflight view was very comparable to the
simulator view as far as the Aumber of
stars available or visible.

The following concerns the relative

size of the LM through the C5M windows, the
telescope, and the sextant. The rendezvous
timeline was laid out so that a wisual
tracking through the windows of the LM
occurred only just after the separation
burn and Jjust prior to the braking
maneuver. At these times the IM was
visible in its complete form until it went
inte darkness at about 3 miles. The
ascent stage of the LM was vigible after
it appeared at sunrise, at somewhat less

than 3 miles during the braking phase.

OB
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Through the sextant, the foot pads on the
descent stage were still visible at about
50 miles; and the entire LM still made

un image inglide the sextant which was
ahout the size of the double lines in

the sextant reticle at 60 miles. During
the terminal phase, as the LM appeared in
sunlight after CDH at approximately 70
miles, it was a definite very small image;
vut it wag more than a polnt source in
the sextant.

Relative to the mission capability, the
actual flight COMP cycles appeared to be
somewhat slower than the simulator
computer's COMP cycles. This was ex-
pected, based on evaluation of the CMB
and tne MIT hybrid prior to flight.
Another capability that might be improved
in the CMS is the simulation of beading
and slosh. These were not available for
docked burns — CSM-LM docked burns. On
the Mission Evaluator, the bending and
slosh were significant factors in eval-

uating the stroker and MIVC. These were
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not available for simulation in the CMS.
Relative to the availibility of the CMG,

we decided that, for the complexity of

the missicn, it was not available encugh

to complete as much training as we would
have 1liked — both in three-man operations,
and one-man operations. There is a certain
tradeoff between the time reguired to

bring the simulator up to speed, and
correct discrepancies versus the time
avallable for crew training.

We never did get to the point where the
docking wvisual display was exaectly right
and where the COAD ftarget aligmment was
exactly right. We continually had

problems with that particular area.

Algo, we never had the capability to extract

the LM from the 3-IVB.

On the OMS3, there were a couple of items
tnat really needed a little more fidelity
than I thought we had. I thought the
lack of a 504 boost tape until shortly
before launch was an unnecessary problem.

We did a lot of simulations, using the
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ﬁcDIVITT wrong time for the S-IC engine shut dowm;
and everything was wrong as far as the times
went. We did many, many, many simulations
that way and very, very few with the
correct times involved.
I also felt that the EMS and the reentry
displays could have been a little more
high fidelity and a little bit more
operational. We didn't have that many
hours set aside for practicing reentry.
If the equipment wasn't operating when we
did practice them, there just wasn't any
way of coming back and picking it up at
alerdmef
As mentioned earlier, the availability
of the simulators, especially in the last
two months before the flight — or rather
the lack of awvailability for certain times,
put the major glitch into the training
eycle. It caused the training program to
be concentrated entirely on the prime
crew for the last 3 or 4 weeks. Elimination
of the training of the backup crew put us

in a very poor pesture, in case something
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had nappened to the prime crew late in

the ballgame.

We had assigned to us, at one time or
another during ocur training for the flight,

both of the IM8's
In the LMS, I believe we could have had

a little better fidelity in the docking and
undocking presentations. We were never
able to dock more than one day, I believe.
The ccommand module was always rotated so
that we were docking with the COAS point-
ing into approximately the left-hand
rendezvous window in tiae command module,
rather than the right-hand rendezvcus
wingdow. Considering the fact that we were
cperating in a very welrd coordilnate system —
where the hand and the eye of the perscn
doing the docking in the LM aren't nec-
esgarily pointing in tke same direction —
there's a need for some training here so
that the coordination betweern hand and

eye 1ag better. We get this only through

pratice, and we really weren't able to get

SO
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MeDIVITT that kind of practice in the IMS. For-
unately we had a docking trainer here in
Houston that we used.

The right-hand visual display of the
command and service meodule did not operate
in ILMS-2 until approximately 1 week before
launch. The stowage of the LM was certainly
adequate, and the availability of the LMS
was very good. However, we had a few
problems within the last two crucial
months, but availability of the LMB prior
to that time had been very good.

One major draw back on the LMS was the
lack of authentic systems failures. We
would have been a little bit sharper on
our systems failures if the representation
of these in the LMS had been a higher

fidelity.
SCHWEICKART I would consider the visual simulation

quite good with the exception of the

AOT operations in verforming alignments.
It approaches the unacceptable regiocn —
becauge the chip mirror in the AQOT sim-

ulation is located in the middle of the

field of view and required very large
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excursions in yaw and pitch in order to
get an adequate mark on a star for an
alignment. The effect of this in pulse
mode is to prolong the alignment proce-
dure to the point where it takes four or
five times the actual time it took in
flight. It alsc uses a considerable
amount of fuel, This then severely dis-

torts the picture of the time line.

12.3 CMS/LVS Integreted Simulaticn

MeDIVITT

We alsc menaged to ilnegrate IMS 2 and
CM5 3, IMS 2 and CM8 2, and IMS 1 and
CM5 1. So, we spent a geood part of our
training time integrating the simiators
and consequently lost a lot of valuable
time working out the bugs in the simula-
tors.

We finally wound up the last 2 months of
the training phase with CMS 2 gnd IMS 2
integrated at the Cape. I think the simu-
laticn program that we had was consider-

ably different than any of the previocus
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flights., It appeared to us that the most
difficult portion of the mission, and

the one that needed the most training, were
those portions where we were doing the
integrated spacecraft operation with the

IM on the systems day, where the LM space-
craft and the command module spacecraft

had to work together.

The rendezvdﬁs was another very important
area where we had to have the two space-
eraft work together and had many techniques
that had never been tried before. We had
to work these out, discard the unusable
ones, go over the good ones, and modify

them to make them even better. We had

to work out the procedures that we finally

ended up with in flight. So, we spent an
abnormglly large percentage of our train-
ing time, I believe, in the integrated
operation rather than in practicing things
like launches, reentries, and the other
orbital operations that were less new,
although not necesgarily less critical.

As we approached the end of the training
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McDIVITT cycle, it became apﬁarcnt that some of
the things we had in the flight plan,
such as landmark tracking and SCQ6S, we
would not be able to train for in the
manner that I conzidered toc be adeguate
for flight. On the other hand, they had
considerably less priority than the ones

we figured were safety flight items and

certainly extremely important, we eliected
to put these aside or to train only a
very small amount on them. Fortunavely,
with good writeups ané so forth, we were
atill able to conduct tne orbital cper-

ations in an adequate manner.

12.L  Simulated Network Simulsetions

MeDIVITT As I had mentioned under migsion control,
our CMS/IMS/MCC-integrated simulations
were an absolute reguirement prereguisite
for the flignt. We were having a great
deal of difficulty achieving any sort of
success at all with these during ocur first

month of integrated simulations —
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integrated with MCC. TFinally, they became
the constraining item on launch. It
became apparent that we might have to slip
the launch date just because of lack of
integrated simulations. However, about
2-1/2 weeks before the launch, we were
able to achieve a sucecessful rendezvous
simulation and a successful systems day
simulation. Thege particular simulations
demonstrated the techniques that we had
hoped would work, but we were never able
to really demonstrate this in practice.
After that week of simulations, we were
able to proceed on with the procedures
that we had. At least we had the con-
fidence that we knew what we were going
%o do in flight.

The simulated network simulations are far
and above the best training that we got.
The simulations are much more realistic
than when we're operating by ourselves,
because the information that we got from
the ground was an integral part of what

was happening in flight. We have to know
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what the ground input is or we are just
fooling ourselves. When we were trying

to run the rendezvous integrated simulations
without the ground, it was only 20 percent
effective, as if we had the ground. We
were unable to make solutlon comparisons.
We were unable to really find out what

the problems would be in flight when op-
erating only between the command module

and the LM. But, as scon as we integrated
the Mission Control Center, we were able
to really get to the heart of the problems,
and work out the details, and solve them
before flight.

Launch, reentry, and other simulations
with MCC are also far and above the best

of that kind of training we got.

The DCPS was a good training device for
looking at specific launch vehicle faillures,
to see how the total launch vehicle re-
sponded to these, and to get the quick
tréining that was necessary to make a

good judgment in case anything had gone
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wrong during launch. I launched with the
feeling that I understood all the launch
problems that I could get into. I didn't
feel that I would be doing any inadvertant
aborts nor did I feel that T would be
letting the launch vehicle go through any
regime whereby we could not abort safely,
We had one session in the_DCPS with all
three crewmembers suited. We found this
to be an excellent training device, but
not something that needed to be repeated

many times.

The LMPS was a good training device.

When we were working out the initial
procedures for rendezvous, we were able

to quickly reset and run through the
procedures. As it says, it's a procedures
trainer and that was exactly what we used
it for. After we'd worked up the pro-
cedures, we went to the IMS and worked out

the higher fidelity techniques on the ILMS.
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SCOTT The CMPS, was & good procedures trainer
but only from the standpoint of initial
vrocedures or famliliarization. As far
as an evaluation of capabilities cf the
computer or refinement of precise inflight
time lines, it was not of highk cnough
fidelity to do that. The computation
cycle was not exactly the same as the
actual CMC. In faet, the flow, relative
to the G20P, was not exactly precisc.
Tne solutlons seemed to work out & little
better than what we had experienced in
+he other simulators. In other words, it
waz easler to get a convergence of a
solﬁtion in an acceptable burn. But, it
was valuable as a beginning trainer on

computer programs.

12.8 NR Fvaluator, GARKC FMES

SCOTT The ¥R evaluator was a good tool to
evaluate the precise timeline that could
e expected during the rendezvous. This

was particularly true because cof the
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SCOTT

CONFDENTYE 12-15

difference in the COMP cycles in the CMS
and the core rope simulateor. Because of
the criticality of the timeline, from the
command module standpoint during the ren-
dezvous, it proved invalusble for ensuring
that adeguate time was available to per-
form all the functions included in the
checklist timecline.

The ¥R hardware evaluator was used to
evaluate the stroker tests in the MIVC.
It proved toc be a very good simulation of
both tasks. One of the more valuable
aspects of the hardware evaluator was

its capability to fail pieces of hard-
ware during a long automatic or MTVC burn;
and after successful corrections of the
failure, they could take the failure out
and insert another one without having to
reset or to start the problem over. The
mission evaluator was also valuable in
software verification relative to crew
procedures and timelines for the COLOBSUS

1A program.

CONHBEMEML
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SCHWEICKART I thought that certain aspects of the
FMES operation were more desirable than
the LME, In particular the AGS simulation
also the 8-foot chamber runs in the CSD
chamber. All were very useful in regards
to familiarization with the EVA equipment.
It also helped build confidence and famil-
iarity with the various pecularities of
operation of the EMU. I thought these

were very useful.
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12.9 Egres: Training

McDIVITT I thought the water egress training in
the tank and in the Gulf were good ex-
ercises; however, I feel that this xind
of training should be done early in the
training cycle. I do not feel that it
should be done in the last 3 or 4 months
before the flight regardless of how impor-
tant some people think this is. It's an
important type of training, but not the
kind of training has to be done shortly
before flight. If we did it 5 or 6 months
before flight, we could concentrate cn
those things that require a really high
degree of skill and cunning towards the
end of the flight and not so much on the
procedures and that kind of thing. Our
crew has had a number of water egresses.
I believe we've had some from old space-
craft 12, and we did some from 101. I
think we went through the water tank
three or four times — at the pool at
Ellington a couple of times, and in the

Gulf a couple of times. I think that's
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MeDIVITT perfectly adequate egress training, and
I certainly don't think it ought to be
held until late in the training program.
The pad and mockup egresses that we did
dewn at the Cape wer of some use; however,
T think thet in doing these things close
to flight time (running through the fire
training and so forth), we were really
wasting valuable time. If this kind of
training is reqﬁired, it should be done
a year before the flight, The use of a
carbon dioxide fire extinguisher or a powder
fire extinguisher doesn't change. Once
we have done that kind of training, we
should not have to do it again, It
should be moved as far from flight time
as possible, so that we can use this time
for developing those techniques that
really require some skill and cunning.
The last two months, maybe even a little
longer than that, should be devoted en-
tirely to CMS IMS treining, really de-
veloping the required techniques.

All of the gross training, planetarium,

CONFRENFr
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McDIVITT water egress, pad egress, wif, zero g,
and those kind of things should be put
early in the training program. All these
should be moved as far from launch date
as possible. There are some things, like
the last minute systems briefings and
maybe scme scftware briefings, that have
to be conducted towards the end. There
Just has to be some reasonable training
period of 10 to 12 hours a day that the
pllots are subjected to rather than this
16, 18, and 20 ﬁours a day that we were
faced with during the last Z-month period.
This was an accumulation of a lot of little
odds and ends, plus the lack of availibility
of the simulators at the appropriate times.
It created a hardship on the crew, having
these iong, long days without breaks.
This should be aveoided by moving what-
ever training that can be moved to as

early as possible.
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12.10 PFlanetarium
MeDIVITT Our planetarium training consisted of,
I think, three trips to the Griffiih
Planetarium on about 6-month centers,
with the last trip being approximately
& months or so before the flight. These
trips, I think, were very worthwhile.

" During our flight, we used a rumber of
the south stars, and they are ‘ust not
available flying arcund at night looking
out of an airplane. We had a lot of
other star training, using the star balls
in the IMS and the CMS3; but I think that
the get together of the crews and really
taking & big picture look at the skies
and getting the 1ittle helpful.gouges
that help one person identify the stars
was certainly vﬁluable. I don't think
we should ever eliminate planetarium
training.

This also falls into the category of one
of those things that you want to do may-
be & months or go before the flight. Every

individusl has & different way of finding

COMPIDENTTT
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MeDIVITT & certain star, By getting five, six,
eight, or 10 people together and discussing
each person's gouge on identifying a star,
we are able to spread a little bit of this
knowledge around. We were able to pick up

some of the other fellow's gouges.

12.13% MIT

McDIVITT The MIT briefings on the flight programs
were an invaluable aid. There's no way
of learning the programs by sitting down
and reading the GS0P, which is a help;
but this is not the best way. To discuss
the programs with tﬁe reople who are
writing them —— finding out what the intent
of the program is and to see the different
opticns that you don't necessarily always
see in the simuwlator is a very worthwhile
plece of training.
Having the MIT people available when we
are deoing the simulations is important
because we continually run into preblems,
and we're never sure whether it's a IMS

problem, a CMS problem, a program problem,

or an intersreter problem in the trainers.
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McDIVITT

SCOTT

12.12 Systems Briefings

MeDIVITT

COMHDENTHAL

Unless we have the MIT people right there
to get these notes, to go back to MIT,
and to run orn their hybrid, we never
really get the answer. We discovered a
number of significant items on the sim-
ulator and had them checked., Scme of
them, we found were really and truly in
the flight programs; and some of them
were just simulator prcoblems. Tying

the MIT system into the training in the
last 6 or 7 months is certainly nighly
desirable. We had the MIT people avail-
ab’e to us the last nmonth, but I think
earlier than that would be prcfitable.
They were available during software
verification, when we ran through the
programs at North American. This was
very helpful. They took notes, and we
got direct answers immediately to almost

gll of our guestions. It was a big help.

The systems briefings that we had on the

launch vehicle and on hoth spacecraft are
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12.13 EVA

MeDIVITT

g real time consumer. When you try 1o

get a good systems briefing on all the
systems in the LM, in the command module,-
and in the launch vehicle, you find that
you're just completely overwhelmed with
systems briefings. If we Jjust spent one-
half a day on each one of these systems,
it seems to take weeks. If I had it to

do all over again, I would move my systems
briefings up earlier and try to get them
cut of the way by the time we got down to
T minus 2 montﬁs. From there on, I would
only go to the systems briefings people
for specific questions. Then, I would
have the same set of briefings that we had

the last 2 weeks, where we find out

Just the anomalies in our own particular

spacecraft systems.

The WIF exercises were far and above the
most advantageous; we got more cut of it
from cur training standpoint, at least

for the zero-g part.
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COREDEN AL

The EVA training that was the most use-
ful was the WIF. After having experienced
the body contrel in actuel conditions,
that the WIF and the zeroc g aireraft both
give one a more severe body control problem
than is the case in actuwal flight. The
advantage of the WIF is the continuous
time availsble as opposed to the 30-second
increments available in the zero-g air-
craft. It was quite useful for the EVA
training associated with this particular
mission. The other very useful element

of tragining with the EVA was the chamber,
both the SESL runs, thermal vacuum, and
was what I would describe as signficantly
different from the IMS. The FMES uges

an actual AGS. It, of course, was far
superior, If the IMS were upgraded in
these areas, I do not feel that a_signif-
icant amount cf training time should be
spent on the FMES for training on a D-type

mission.
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12.15 Mockups and Stowage Training Egquipment

MeDIVITT

SCOTT

The mockups and stowage training equip-
ment at MSC were a big asset to us in
two major areas. One was the EVA, and
the other was the tunnel equipment. The
LM stowage training equipment was some-
what less than high fidelity as far as
the knobs and switches were concerned.
But, the stowage was high fidelity, and we
were gble to develop our own stowage
techniques, as a matter of fact, 99 per-
cent of our EVA techniques in the LM
mockup.

The CSM mockups were invaluable relative
to training, particularly in the area of
configuring the command modﬁle for extra-
vehicular transfer for the actual EVA
exercise, and also for training on the
tunnel equipe& with the counterbalance
and the proper interior configuration.

I think the procedures were developed to
the point that they were absolutely
optimal inflight. Based on the inflight

experience that we've had, the mockups,
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relative %o tunnel exercises, are in an
optimum configuration. The timeline that
crewmembers experience on the mockups will
be very close to the timelines they'll

experience inflight.

12.16 Photography and Camera Training Equipment

McDIVITT

The photography training equipment was
adequale. We had sufficient number of
pieces of equipment supplied to us early
in the training program. We were running
into a little difficulty at the end in
getting enough 16émm camera support activities
and real cameras to support activities in
both the IM and the CSM. But, we managed
to sort of double up on our efforts there
and used what we had to some dégree of
efficiency. We were adequately trained in

use of this equipment at launch.

12.17 Sextant Training Eguipment

McDIVITT

One thing which I would have liked to have
had before 1 took off was a little more
use of a real AOT, looking at real stars
on top of a roof someplace at night. We

had this in dur schedule for one night
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McDIVITT in Houston. We were unable to get
back to Houston because of had weather
and never really got this training. I
think it would be nice if this training
were made available at the Cape, maybe
up on top of the MS0B. We could spend
some time looking out at the stars there.
If we did that, we would not be sco
susceptible to weather problems, If the
weather is bad one night, then we would
have 1t there the next night, and the
night after, and so forth.

SCOTT T did have the opportunity toc go up on
the roof of the G&C building one night
and utilize a complete AOT sextant, tele-
scope, and diagstimeter. The-flight
operations people were kind enough to
supply a helicopter which we used for
evaluating closing rates and tracking
with the diastimeter, sextant, and the
telescope. It was a very valuable session.
If we could have that type of equipment
available at the Cape, it would enhance

the training considerably.
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12.18 General Support

MeDIVITT

CONMHPENTAE -

I really can't say enough about the people
who supported us during this missicn. Dave
and I were just sitting here talking, and
ne said, "If it hadn't beer for the data
priority meetings, we would still be

up there looking around for each other."

I think that was the type of support we
had all the way through the whole mission.
We had a very complex mission, and it had
2 lov of new things in it. Unless we had
had people mobilizing the forces that are
available to us here at the Manned Space-
craft Center and our associated contractors,
and 1f it weren't for these pecople coming
up with the answers for us, we would have
never been able to even scratch the

surface of this mission.

We had the support in z number of different
areas. We had to have procedures support,
and we had it. We had to have hardware
support in preparing the two spacecraft

for flight. We had to have support in

all the other peripheral pieces of

CEONHEENTHid
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MeDIVITT equipment — the suits, the PLSS, the
0PS, all those new pieces, and even the
old standard pieces required locking
after. Fortunately, I think we had
the best group of people that could
possibly be put together to support us
for these things.

One of our biggest problems, for this
particular mission, was to try to figure
out the procedures that we would use with
two vehicles instead of one. The dis-
cussions that we had at the data priority
meetings, the conclusions that were drawn
there from, and the dog work that went
into digging up the answers to the questions
that were always raised provided us with
the knowledge of how to do the mission.
When we actually did the rendezvous, it
was almost like old home week, It wasn't
really anything new. We had been going
over it since the data priority meetings
began, almost 2 years ago. That 2 years
of training and meetings was really put

to use inflight,
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12.19 Planning of Training and Training Program

MeDIVITT

The planning of training in the training
program was a very fluid thing, unfortu-
nately. The simulators that we had kept
changing from one cbnfiguration and mission
to ancther. We spent, unfortunately, a
large percentage of our ftraining time
checking out simulastors rather than
actually simulating in them. I think
this is unfortunate but was Just a fact
of life, As the program and the mission
reguirements changed, the training had

to be fluid to accept these changes. I
think we finally arrived at a pretty hard
and fast training package at 2 months to
go. |
As it became apparent that this training
vackage wasn't being filled with the
available simulator time and the available
jolnt Mission Control/IMS/CMS simulations,
it was necessary to make a rather drastic
decision to start training only the prime
crew during the last month. I think this

paid off., There was no other way in the

OB EN T
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McDIVITT world that we could have possibly flown
the mission without coming up with this
herd and fast training schedule znd

sticxing to it.
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13.0 PERSONAL HYGIENE AND HUMAN FERFORMANCE

13.1 Preflight
SCHWEICKART I have no comments on the preflight sec-

tion as regards food and water.

MCDIVITT I think that the preflight medical care
and procedures were reascnably adequate.
The medical briefing that we had was
good and covered all the aspects of what
we enccuntered inflight. I think we were
a little pressed for time to get in the
proper amount of rest, exercise, sleep,

and training.

13.2 Food and Water

SCHWEICKART My hunger sensations in flight compared
with 2 weeks preflight werelconsiderably
different. Until about the Tth day in
flight, I had no particular appetite
whatever. Up until that time, it was
more an awareness that I should eat,
rather than wanting to eat. Following
the Tth day, my appeltite began to return
and approach normal responses with the
exception that there were only certain

foods within tne selection available
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HWZZCKART that were in any way appeiluing. And

i

to a certain extent, I woull say that :
fair nuamher of the Toods availazble were
unacceptanie. This is In ceonstrast to

my preflignt reacticres to this food.
Although it was not particularly appe-
tizing, i kad rnc particulsr objections

to any of the food preflight. During

the first 5 days, it wazs absolutely
impossiblile to follow the ezt periczis,

and we ate con a complete catch-as, catche
can 5asis. I ¢id, con several accesions,
use the spoon provided In conjunciion

with the rehydratable food and feund

that this made the food only somevwhat more
acceptable., I think {that by the time I
gov around to usirg the spoon, my cb-
jections Lo eating the foeod were not

asscciated with naving tc s it

=)
g
m
]
]
n

through the tube. In the caze of some-
thing 1ike “he sausage, 15 was sinply
easier to get to the focd with = spoon
thar it was to Torce someining thst

viscous throuagh the tube,

EOMHE N



SCHWEICKART I slept very well, much better <han 1
expected to. This was true even In tle
early porticn of the flight., Crn abou:t
ha>? of the nights, I used Seconal. The

to

42}

primary effect of the Seconal wa
cause me to drop off to sleep almcst
immediately after getting intc the slieep
restralints. Without using the Seconal,
although I slept well, I tended o re-
view the rext day's activities in my
mind before dropping off to sleep. I
had no noticezble reaction tc the Ze-
conal other than drifting off to sleep
almost immediately. Since I slept in
the sleeping bag under the right-hand
couch for the whole flight, T kad no
disturbances due to IIATERCOM cor any-
thing of that xind,

MCOIVITT I =<rcught <hat the focd and waler was a
rezl problerm during flight. The water In
tne ccmmand module nad an excessive amount
of entrained gas in 1ty and throughous
thne Tlight, It was a real protlem. 1f we

drark ous of the drinking gun, the amcunt
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of 2ir or gas in the water seemed to be
fFreater than when we tock it “rom the bags.
I guess the reason for that is we could
better separate the gas from the liquid in
the bags. When we were getting it out of
the port on the bag, we tended to use our
mouth as a separator to get the gas out.
This was something we could not do with

the water gun. T think the vrogram we had
for eating and drinking early in the flight
was somewhat opiimistic. We were unable to
record the focd and water that we drank and
ate. We were forced, I think, to grab a
bite of food whenever we could, rather than
when we were hungry. There were periocds of
time when we went 18 or 20 hours without
food during the Tlight because there wasn't
encugh time to work and eat. We weren't
peing to die if we didn't eat; but if we
skipped what we were doing, it would work
intc the timeline on down the line, and we
would never have been able to do the mission.
On my previcus space flight, I really logked

forward to eating. I l1liked the food; and

~CONFIDEN T



McIIVITT

SCOTT

early in this particular mission, I was

aurgry and ate whenever I couldy Hut te-
ward the ernd, I sort of lost my aspetise.
The focd became less and less decirable

ard ir the last couple of days, I fournd it

a real chcre to eat.

also. had the same feeling about the
food., It was fine for the first 7 or &
days, but then it all got to taste like
the same thing, ard it just didn't seem
desiratle, I might mention ithat the three
mezls we nad of "wei food" were very gocd
orce you got past the potatces. If it's
desired that the crew eat both potatoes and
meat, it is suggested that perhaps they be
mixed together. In %trne meals, we had the
potatoes at ore end and the meat at the other
end. If vou happered tc open the wrong end,
you ended up with potatoes first. I also
felt the focd was tland. I woull liked %o
have nhad a salt shaker and some sort of spice.
The food raconstitution worksd fine when
you ccoulid get ernougn water in the bag to

reconstitute it but again, cur rretlem

TC O A
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SCoTC witk the hydrogen bunkles sometimes made
it ¢iffienlt to get s complete receonstitution.
Tewards the end of the flirkt, we crered up

81l the focd tags and put the drinks in one

glove stowage hag, the renyvaératables in

enother bag, the hard tack in a third bag,

and Just tried tc sift through the Tocod to

find scme thing that waz acceptable tc eat

+

e
Lo 28T

when 1t was time

MCOIVITT I promises Eits Eapr that 1 wouldn't zay
arything about her fococd, but I just feel
cbiliged. TFwven wizth th;s technigue, we
fecuna It very difficult T¢ run across aay-
thing thai locked really sppetizing. I
do think thrat we all felt that the drinks
{orange, grape, ard so forth) were by far
the rest. The cocca was excellent and
the puadlings scered to be gocd. Then, the

esirabie things were the re-

ju]
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nydratatlc dinners, such as the chicken
and vegevableg, beef and vegetables, and
salmon and tuna salzd. Thern, we worked

on down o whezre the hard cube kingd of

SCOMHPENTAT



McDIVITT things were hignly undesirable, I Teel.

tne Tite size sandwiches made crumkbs
like I nhad rever seen hefore. A number of
we had packages cpen with <these
samdwiches, and we fust could never capture
all the crumbs that came cuat of them and
weren't, even able tc eat them. We had

to try tc put them down, as far down as

poszible, in cur temporary stowage bags,

o the crumbs would not fleoat back up to

The palatspility of the waler, I thirk, was
affected by when we had last chlorinated
tne water. Zarly in the mission, we were
sc busy we didn't even get a chance to
chlorinate the water. Or cne day, and we
sort of let the whole thing slip until

in tke evening. After we did this, we
found tha®t 1t was by Tar the test technique
tg use, We ussd all the water thas we

warted for that day, filled up = water ta

|

witn either water or some sort of drink

(graze or orangze), then chlorirnate the

COMNRBENTTAT
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water, and went %o bed. By the time it

r
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was time %o sct up in the merning, some
of the chicorine had been dissipate
the gystem:; and we didn't seem to nave as

I

micn chlorine.

13.3 Work/Rest/Sleep

MCLIVITT “rke next fopiv is work, rest, and slecp.
I think tre techrique cf having ai: three
crewmen sleeping &t the same time is far
superior to ary thing that we have had
tefore. There was some difficulty in
sleeping due to noise in the radiz, which
we sclved after the first night and a few
ovier minor problems. I thiznk the rezl
significant step was that we put everything
to bed (including the spacecraft) at the
same time, and got everything up the next
mnerning at the same ftire. Twven i you
Jjust laid =zhere sarnd didn't sieev, you
were certainly resting; and you Zidn't
have all the distraction cf jets firing,

transmissicns or the radio, and pecple
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MeDIVITT seurrving aroudnd The spacecraft. T highly

recommend thiz ftechnique for all future

[#9]

£1igks

SCOTT Jne tring I ro%tliced that surtrisad me was
tne guietness of the spacecraflt when every-
body was sleepning. If scmebody stirred or
made tﬁe s_igntest rolse it was very =zudible.
#o slept with Zight weight headsets on and
with cne ear piece in and the other ear

-

iece cut. 1 cirnclied mysel? down in the

fry

off Sae couch and found <ha?t thkis was very
cemPertanle. [ get scme real zeod s.een

or subseguent nights.,

Mo TWITT I sieps on ke Zelft-hand ococuch; I used

the laxr belt arnd tre shcoulder narness to

~CONHPENTAT
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neid mysel? dewn, but T had them very,
very locose. I aliso tock the left-hand
shoulder strap from the the cernter couch,
mraced It across my chest, and snapped it
on trke left-hand shoulder narness of my
restraint system te held me in. (ne gross
oversight was that we had twe sleening
bags ir the spacecraft and three pecple
trying toc slecep simultsreous_y. 11 gct
guite crilly at night., Tre poor C¥P had
te put on z couple of vairs of long under-
wear ard a bunch cf other things. 1 we
have three pecple sleeping at one “ime, T
recemmend that we carry <he third sieeping
bag. After the Tirst or second nignt cf
being ccld, I toox the sleeping bag out
from undernesth the right-left hard couch
and crawled Into il. It provided enough
insulasior <o keep me warm. T wasa't cold

after thsat.

Something Lhe psychiatrist will probably

be very hapny to finé out is 1 got tired

YOI delybe
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0f s_eepning con ¥ Tacx, evern sncouzhk there
wasn 't any up-down or otherwise I1n zero-z.
I fcund that, during the course ¢f ke
evening, I had a strong desire Lo rcll ave
ontc my side, ard T actually 4id zhis cn
most of the nighis. T weulld roll onto my
rigkt side and pub my head on the headrest.

Even though I tended tc float off, I got

the sensaticrn of Zying on my side, T
seemed to get my _sgs in a different

necsiticn than what I 4id when T was lying
on my back. I felt a 2ot more relaxed and
felt that I could sieep better Ly actually
being in different pesiticns during tre
nignt. I even rolled from my right side
to my left side underresth the restrains

svstenm arnd found trat te be a dilerent

position, as far as 1 was corcerned.

= . .- - o -
I difd no exercize untll nne Otk day
due to the orowded worklecad during the

first & days. 0On viae morning of the

{

Gtk day when I wens to exercise, I nad
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the tensicn in the exerciser set fairly
high., Unfortunately, I streightened out
cut a metal ring which fastened the foot
loop to the rope., After straightening

out the metsl ring, it was sapparent there
was no way %o hook the thing back together

and that was the end cf the exercise.

I felt that we certainly cculd have used
some more exercise during the flight, not
necessarily the first 5 days because we

gct plenty then but during the last 5 days.
T alsc feel that the exerciser that we had
with us inflight certainly was far from the
desirable one. Any period cf exercise
caused the metal portions of the exerciser
to become so hot that I almost felt it was
a hazari to the fiight, because we might
cateh somethiﬁg on fire with the tremendous
heat generated by the friction — sliding
the nylon rope back and forin across the
metal bvars. Urnfortunately, when the
exerciser broke, there wasn't any exercise
machine of any tvpe to be had for the last

3 or L4 days of the flight.
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13.6 Eocusekeeping
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13.5 Inflight Oral Hygiene

Cral hygiene was no probdlem at alX. It
was a reasonably pleasant portion of the
day when I decided tc prush ny teeth, I
averaged one and & n1alf brushing exercises
& tgay. I did not use a dental floss.

I fcund *hat brushing my “eeth did seem

tc fresken my mouth somewhat. T did noﬁ
use any dental floss; thne “tccthpaste was
cKay. As a matier of fuct, the toothpaste
tasted a lot better than the food sometimes.
I had no problem using my toothbrush after
it had beer closed up in a contairer. The
gquantity of cral hygiene suppiles was cer-

tainly adeguate,

I think that we have an awful lot of
comments on this. Generally, we found

that we always got to bed much later than
at the beginning of the rest pericd because
we were doing housekeeping. When we got

up in the morrning, i1f we got up 2%t the
right time, we found that it took longer o

get ready te do the next real periocd of
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SCHWEICKART activity in ihe spacecra®t, because it
took Ionger to do the nousexeeping. The
tasks were: change the Lithium hydroxide
carnister, durp the waste water tank,
chlorinate the water, urinzte, defecate,
brush vour teeth, and get your food ready.
421 these things taxe abnormally long times
in flignt. T can get up in the morning
1 hpur wefore I have Lo be gt work and shave,
shower, eat, and so forth, and stil: have

vlenty of time tc get to work. 3But that's

—a

certainly rot the case in the spacrcrafti.

I think we'd 1ixke to discuss sorme swpecific
items rere. Generaily, this period of
getiing ready to do scomething and regroup-
ing after vou've dcne it is considerably
Invoived and shculd nct be overlocked in
flight planning. Ine of the things that
wag & continueus protlem ir the command
module were *he metal shades that we usea
te cover the windows. Whern they covered
the window, they kept the light out znd
did a superu jcb; however, they 2id rnot

fit. Early in the mission, we were

SO PPN A
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SCEWEICKART vrovping the shades up with checklists
and trying to keep the light out with tape
and things like that. Finally after a
couple of days, we decided it would be
better to adjust the locking mechanism
every night when we put the shades on; so
we got the screwdriver out. Every night,
we loosened up the lugs, put the shades in,
and tightened the lugs down so that the
window shades would stay in. Unfortunately,
when we took the window shades out in the
morning, we were always in such a rush that
we didn't have time to tighten them back
down, and at least three or four times
during the flight, we found secrews and the
assoclated locking lugs floaﬁing acroés
the spacecraft. I think, on retro morn-
ing, we were not quite able to retrieve
all the niecea;, and we ended up migsing
crne niece off the number 1 window. Dave
says fortunately we didn't have to spend
the night in the water, but this was a

reazl problem with us., The other thing

that was a continucus source of Iirritation
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was the lack of numbering on the lithium
hydroxide canisters. I checked since I've
returned to the ground and found that there
were supposed to have been numbers on it;
there was every indication that they were,
except we couldn't see them. I'm going

to have to check those lithium hydroxide
canisters again to make sure that there
weren't any numbers. We examined thim at
length in good light and never once saw any
number that would distinguish one canister
from anocther. A4 couple cof cther house-
keeping {or, I guess they were medical
problems) were: my noise was a little dry
during the early portion of the flight so

T thought I would open up the béttle of
nose cintment and put a little on my nose.
When I unscrewed the cap, it appeared that
the bottle had been sealed 2t 15 psi; and
all the nose cintment squirted out all

over the cabin. Because it was highly
aromatic, it certainly smelled up the cabin,
I'm not sure that it wouldn't have been

slightly corrosive tc the eyebails if we

COMID i
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had gotten any in cur eyes. We spent
same time retrieving all the lit-ie drop-
lets that had squirted out, puttlag them
in a plastic bag, sealing it up, a2nd de-
resiting it in the temporary stowage bag.
That was the end of the nose ointment.
Then a couple of nights later, I decided
I would use some nose drops. I *ook the
cap off the nose-drop bottle and exactly
the same thing happened. Tre ncse drops
went ali over the sracecraft. When it
stopped flowing out and the pressure
equalized, I gave it a squirt buz all

the nose drovs had already gone out. So,
we had three bottles of useless ncse drops.
The wvery stiff black hoses were s problem

that really complicated the suit-on portion

of the housekeeping.

There 1s enough Velcro in the spacecraft

— {t's Jfust not placed in tne mcsty useful
location. It seems that most of the opera-
tion take place either in the couch or in
the LEB. We found that some of the most

usetul pieces of Velcro were thacse we had
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put cr the MDC for panel cards. It seems
like the Velcro should be placed around
the areas of operstisn rather than under-
neath the couches and buried in the bottom
porticns of the LEB where it Is absclutely
unusable.

I think the really significant thing zbout
the house-keeping irn the suited mode :s
that, when the crewmembers dc not have threir
pressure suits on, they're essentially free
to maneuver where they would like. They
can go down underneath the seats and back
up on wop and do all the things that they
want. Once they put their suits on, they
pretiy much have to put their suit hoses
on to provide coeling. Once they put the
suit hoses cn, they become very much re-—
stricted; and it's difficult to get dowm
underr.eath <he couches. Thus, you're

much Zess mobile. Now, that is for one
man. When we get three people in there
with sui<s and sult hoses gn, 1t becomes
almost impossible for people to work in

paralliel, You almost have to work seriaily.
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There is only rcom for cone perscn <o get

up with the sult noses on, toc get under-
neath the couches, and to verform the kind
of thaings that you need to deo dowrn in the
lower eguipment Tay. 1 thirkx the tlanring
should be that, once the crewmembers are
suited up, one mar does all the orerations.
When you go to that kind of a mode, you
have to put enough time in the timeline to
take care of sole cperation rather than
three peorle. Instead cf the otner two
people being an asset, they are acitually

a hindrance, I thirx cne person by him-
self can operate In the spacecraft better
with a suit on than with three pecple In
the spacecraft. I: snculd be merticned
mere, that i< takes longer to put the

suit cn when you are wearing “he LCG than
it deces when you are wearing the light

welght underwear.
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